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Handling Editor: Shonil A. Bhagwat to address it. However, amid significant methodological diversity, there is limited
guidance regarding the scope of scenario design choices available and their suit-
ability for particular applications. This gap generates a fragmented and opaque sce-
nario landscape, hindering the inter-operability of scenarios and introducing the
risk that projections or decisions are missing important risks or opportunities for
transformative change.

2. We develop and validate a framework to facilitate coherent design choices (i.e. in-
tentional, transparent and aligned with a question) for scenarios exploring biodi-
versity futures through two participatory workshops, a scoping review of relevant
scenario studies and a retrospective case study reflection. We situate the frame-
work in the United Kingdom as a case study with growing attention on scenarios to
inform efforts to reverse centuries of biodiversity loss, but aim to ensure findings
are generalisable.

3. The resulting framework guides users to build a flexible decision pathway including
(1) a typology of key policy-relevant questions related to the future of biodiver-
sity, (2) key design choices in the scenario approach and (3) a co-occurrence analy-
sis that shows the prevalence of design choices for responding to policy-relevant
questions, thereby highlighting more established design choices versus areas of
novelty or innovation.

4. The retrospective case study reflection suggests how the framework can (a) facili-
tate a more intentional and transparent approach to using scenarios in ways that

cater to the policy-relevant questions they are meant to answer, (b) expand op-

tions considered to explore a range of indirect and direct drivers of biodiversity loss
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perspectives.

biodiversity loss.
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1 | INTRODUCTION

The future of biodiversity and nature recovery is inherently
complex and uncertain. Land use change, overexploitation of
natural resources and pollution are driving the degradation,
fragmentation and loss of habitats (Jaureguiberry et al., 2023;
McCallum, 2015; Turvey & Crees, 2019). Climate change disrupts
ecosystem structures and processes (IPCC, 2021) and the potential
crossing of tipping points increases the possibility for non-linear
impacts and cascading risks (Diaz et al., 2006; Lenton et al., 2023).
Decision-makers are under pressure to take transformative action
to halt and reverse biodiversity loss (IPBES, 2024), aligned with
the Kunming-Montreal Global Biodiversity Framework (GBF) (Li
et al., 2023).

In this context, scenarios are increasingly used to inform
decision-making about the future of biodiversity. Scenarios are de-
scriptions of possible future trajectories of a system, incorporating
uncertain future conditions emerging from complex interactions
across direct drivers of biodiversity loss (e.g. land use change, pol-
lution), indirect drivers (e.g. social, economic and political systems)
and/or alternative policy or management options (IPBES, 2016).
Exploratory scenarios are agenda-setting tools to explore a wide
range of outcomes, highlighting future risks and opportunities. In
contrast, target-seeking scenarios define pathways of policy ac-
tions to reach a desired objective. Scenarios inform decision-making
about biodiversity in numerous ways. They allow for increasingly rig-
orous projections that explore biodiversity outcomes under diverse
climatic or socio-economic trajectories (Leclére et al., 2020; Pereira
et al., 2024; Purvis, 2025) and inform investigation of the long-
term consequences of strategic policy decisions aimed to reverse
biodiversity loss (Jones et al., 2023; Peterson et al., 2003; Smith
et al., 2023). Increasingly, scenarios are used to envision and build
pathways towards nature positive futures, inspiring societal com-
mitment to transformative action (Lazurko, de Pater, et al., 2025;
Pereira et al., 2020).

The variety of scenario applications has stimulated significant
methodological diversity. Scenario approaches span qualitative
and quantitative data and expert-based and participatory meth-
ods, applied across sectors and spatial and temporal scales (Guaita
et al., 2020; Kok et al., 2007; Kosow & GaRner, 2008). The resulting

and (c) provide a common language to aid in communication across disciplines and
5. Our findings suggest that flexible uptake of the framework can facilitate a more

coherent and enriched scenario landscape, informing decisions that account for a

wide range of risks to biodiversity and surfacing options for halting and reversing

conservation, ecosystem services, futures, governance, nature, pathways

scenarios are communicated as narrative storylines, diagrams of
drivers and causal interactions, semi-quantitative or quantitative
driver trends, or using creative and artistic methods. These outputs
can directly inform decision-making or be further analysed in com-
plex modelling chains that translate scenarios into quantitative bio-
diversity futures (Purvis, 2025). For example, land use models and
integrated assessment platforms can quantify the effects of climate
change and societal drivers on direct drivers of biodiversity loss,
which are then fed into static pattern-based or complex process-
based biodiversity models (Urban et al., 2022; Zurell et al., 2022).

This methodological diversity allows for tailored scenario ap-
proaches responding to diverse policy-relevant questions, but
introduces new challenges. Because scenarios are tools for charac-
terising uncertainty, not for making predictions of one most-likely
future, no single approach can comprehensively depict the full com-
plexity of the future (Abdelhakim et al., 2024). Moreover, challenges
persist accounting for uncertainty and ambiguity in the influence
of societal drivers of biodiversity loss (IPBES, 2016; Lazurko, Kim,
et al., 2025), interactions with other environmental agendas like the
climate crisis (Baldwin-Cantello et al., 2023; Poértner et al., 2021;
Smith et al., 2023) and the integration of diverse values and worl-
dviews (Lundquist et al., 2021; Quintero-Uribe et al., 2022). In this
context, design choices made in constructing the scenario approach
strongly influence which future conditions and values are included
or excluded and the suitability of scenarios for particular applica-
tions (Lazurko et al., 2023). We define design choices broadly as key
choices made in the scenario framing, methodology or characterisa-
tion. For example, predictions of future species distributions depend
on the time horizon (Bertelsmeier et al., 2013) and the spatial reso-
lution of climate data (Trivedi et al., 2008). The choice of drivers in
the scenarios also matters: for example, the Shared Socio-economic
Pathways (SSPs) emerged to integrate socio-economics into climatic
change science (e.g. Berkhout et al., 2002), yet the SSPs exclude
biodiversity. Enriching the European SSPs with consideration of bio-
diversity reshaped the system dynamics and outcomes within the
scenarios (Lazurko, Kim, et al., 2025).

General guidance for scientists and decision-makers to navigate
the methodological diversity in scenario approaches is emerging
(IPBES, 2016; Lazurkoetal.,2023; Muiderman etal.,2022). Opaqueness
around biodiversity modelling choices is also being addressed in some
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ecological disciplines (Gould et al., 2025; Zurell et al., 2020). However,
this guidance is not specific to scenarios for nature-related, policy-
relevant questions, perpetuating a fragmented scenario landscape
that leaves the suitability of different approaches opaque. Thus, while
methodological diversity is crucial, a lack of guidance and common
language about design choices and their implications presents two in-
terrelated risks: (1) decision-making processes using scenarios exclude
consequential factors, with lasting material consequences (Lawrence
et al., 2024); and (2) policy contexts may make narrow or unimagina-
tive assumptions that constrain the ambition, inclusivity and effec-
tiveness of strategic actions to achieve a sustainable future (Pereira
et al., 2019). As a result, the usability and inter-operability of scenarios
remain challenging for the scientific community, particularly amid ef-
forts to produce more sophisticated long-term biodiversity projections
underpinned by plausible or desirable societal trajectories (Leclére
et al.,, 2020; Pereira et al., 2024).

In this paper, we develop and validate a framework that enables
coherent design choices for scenarios exploring nature-related
policy-relevant questions (i.e. intentional, transparent and aligned
with the question). The framework aims to make design choices
and assumptions explicit, informing a more coherent scenario land-
scape, widening and enriching the set of indirect and direct drivers
of change considered in scenarios and enabling comparability across
studies. To develop the framework, we draw on evidence globally
to respond to the following questions through a case study in the
United Kingdom. We use a mixed methods approach, combining two
participatory workshops, a scoping review of relevant scenario stud-

ies and a retrospective case study reflection to ask:

1. What are the key policy-relevant questions related to the future
of biodiversity in the UK that can be explored using scenarios?

2. What are the key design choices in scenario approaches related to
(1)?

3. What is the prevalence of design choices (2) for responding to
questions (1) in previous studies?

Scoping
review

Initiation
workshop

Build capability Identify key design

about key choices in scenario Draft
concepts and approach framework
methods for
scenarios Identify most

prevalently used
Generate key design choices for

responding to
different questions

nature-related
policy questions in
the UK
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4. How could a framework synthesised from (1), (2) and (3) inform
coherent design choices for scenarios related to the future of bio-
diversity in the UK?

We situate the case study in the United Kingdom (UK) as a pol-
icy context with growing interest in the use of scenarios (e.g. LUNZ
Hub, n.d.; Benton et al., 2023; Minter et al., 2025; Pedde et al., 2021).
The UK has been depleted by centuries of significant and ongoing
habitat loss (Burns et al., 2023) and as a signatory to the GBF, the
UK Government has committed to developing and implementing
a National Biodiversity Strategy and Action Plan (Department of
Agriculture, Environment and Rural Affairs, et al., 2025). However,
there are ongoing concerns of governance and implementation gaps
in achieving the UK's biodiversity targets (Rampling et al., 2024; The
Office for Environmental Protection, 2024). Additionally, responsi-
bility for nature and conservation is devolved to the four nations
(England, Scotland, Wales and Northern Ireland), and each nation
has established their own biodiversity and wider environmental ac-
tion plans. In this context, there is growing demand for scenarios to
inform nature-related policy action across jurisdictions, sectors and

scales.

2 | METHODS

The iterative, mixed methods approach used to develop and vali-
date the framework included two participatory workshops, a scop-
ing review of scenario-related case studies and a retrospective case
study reflection (Figure 1). The participatory aspects of the study
received a favourable outcome from the UK Centre for Ecology and
Hydrology Human Research Ethics Committee (Application Number:
HRECO00041). This included informed written participant consent.
Participation was voluntary and individuals were free to withdraw
at any stage with no consequence. Confidentiality and anonymity
were protected, as identifiable information was anonymised for

Validation Case study

workshop reflection
Validate key Reflect on the
nature-related usability of the Final
policy questions framework in framework
and design choices practice

Make the
framework useful
for the scientific
and policy
community

FIGURE 1 Methodology for developing and validating the framework for using scenarios to explore nature-related policy-relevant

questions in the UK, presented sequentially from left to right.
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analysis with original files deleted. Data protection and management
protocols were in place, ensuring data were only accessible by the

research team.

2.1 | Initiation workshop

A participatory workshop was held in February 2024 with
biodiversity experts and policy/decision-makers in the UK. The
aim was to build awareness about key concepts and methods for
scenarios in environmental research and co-generate key questions
related to biodiversity futures in the UK. The 23 participants in the
workshop included 15 individuals from relevant academic partners,
government departments, UK nature and conservation agencies
and non-governmental organisations and 8 experts on scenarios
and modelling of biodiversity futures. The workshop included an
introduction to scenarios and a group brainstorming session to
generate a long list of key questions about the future of biodiversity
in the UK. These questions were collaboratively clustered on an axis
from exploratory questions (i.e. about futures that could happen)
to target-seeking questions (i.e. about futures we want to happen,
pathways). The discussion was captured on a digital collaboration
platform and by notetakers. The brainstorming of key questions was
analysed using thematic content analysis to generate a typology
of questions that served as input into the development of the

framework.

2.2 | Scoping review

A scoping review of published scenario studies was conducted to
(1) enrich the key policy-relevant questions related to biodiversity
futures in the UK from the initiation workshop, (2) identify key
design choices in the scenario approach (i.e. choices made in
scenario framing, methodology and scenario characterisation)
and (3) determine the prevalence of design choices for exploring
particular policy-relevant questions. This third analysis was done
to reverse engineer the logic of past design choices, assuming that
higher prevalence offers some indication of more established design
choices and lower prevalence indicates less established design
choices. The scoping review was conducted to develop and validate
a framework—not to synthesise the state-of-the-art—so the review
is based on a representative and not comprehensive sample. This
limitation was considered in the interpretation and discussion, with
an emphasis that lower prevalence does not necessarily indicate
whether a design choice is less appropriate as it can be attributed to
other effects, such as relative ease of implementation or the need
for methodological innovation.

The scoping review followed a process of abductive inquiry to
synthesise findings into a framework for target users, rather than
a systematic literature review. This involves ‘inference to the best
explanation’, which is often used to formulate and initially test
hypotheses develop theories (Walton, 2005), iterating between

deductive (i.e. from general information to specific conclusions)
and inductive (i.e. from specific observations to general conclu-
sions) reasoning to synthesise information into a framework for

target users.

2.2.1 | Literature search

The literature search obtained published interdisciplinary and trans-
disciplinary scenario studies related to biodiversity internationally
and in the UK. Journal papers were obtained from Scopus (May-
June 2024) using the following search terms and additional grey
literature was obtained from participants involved in the Initiation
Workshop and experts. The main search string for international
case studies was (pathway* OR scenario*) AND (participatory OR
interdisciplinar* OR transdisciplinar*) AND (biodiversity OR "eco-
system service*" OR natur*), with variants including (co-creat* OR
co-product®) to obtain studies that engaged with stakeholders. The
main search string for UK studies was (pathway* OR scenario*)
AND (participatory OR interdisciplinar* OR transdisciplinar*) AND
(biodiversity OR "ecosystem service*" OR nature) AND ("United
Kingdom" OR England OR Scotland OR Wales OR "Northern
Ireland"), with variants including (co-creat* OR co-product*). The
title, abstract and keywords of the first 50 international papers and
first 30 UK-specific papers were reviewed (to ensure global rele-
vance with the case study in the UK) when sorted by relevance (as
per Scopus), and the first 10 international and UK-specific papers
were reviewed when sorted by publication date. The papers were
selected if they had (a) a significant focus on scenario development
and (b) clear methodological descriptions of how scenarios were de-
veloped and/or used. This excluded studies that simply varied the
values of an environmental variable in a statistical model of a biodi-
versity outcome. This resulted in a selection of 43 global papers and
28 UK-specific papers. Grey literature suggestions were reviewed
according to the same inclusion criteria as journal papers, resulting
in an additional 24 studies.

2.2.2 | Literature analysis

The literature were analysed in MAXQDA, a qualitative data
analysis software (VERBI Software, 2021), by two researchers
using a deductive-inductive coding scheme. Researchers identi-
fied statements in the text that related to predetermined codes or
themes (deductive), then allowed those codes to evolve through-
out the analysis based on the underlying textual data (inductive).
There were two types of predetermined codes: (a) the type of
nature-related policy question, according to the typology derived
from Workshop 1 and (b) themes of design choices, according to
Lazurko et al. (2023). Codes were not mutually exclusive, wherein
one study could contain multiple codes within the same theme. For
example, many studies addressed multiple nature-related policy
questions in different ways (i.e. nested choices), and some design
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choices occurred over time (i.e. sequential choices). During the
coding process, some selected papers were excluded (n=17 global
papers; 9 UK-specific papers) because they were not sufficiently
detailed in their scenario approach or not sufficiently focused on
biodiversity. A total of 26 global papers and 20 UK-specific papers
were included in the final database. The full bibliographic informa-
tion for these selected papers can be found in Data Sources.

After the first round of coding, codes were adjusted to reflect
the textual data from the studies in the dataset. For example, an
overarching code related to ‘scenario type’ was split into two to also
highlight the ‘target of modelling or evaluation’. These adjustments
informed a second round of coding of all papers according to this
adapted set of codes. Following this second round of coding, the
researchers conducted a quality assurance process to ensure consis-
tency and comprehensiveness of coding. One researcher then induc-
tively analysed the textual statements under each code to identify
and label sub-themes, aligned to the researchers' expert judgement.
For example, statements under ‘scenario type’ were coded into sub-
codes of ‘agenda setting’, ‘policy design’ and ‘policy implementation’,
which reflected emergent themes in the literature but also aligned
with IPBES terminology (see Table 2 for definitions). Similarly, state-
ments under ‘spatial scale’ were split into sub-codes of ‘local’, ‘re-
gional/national’ or ‘global’. Once these sub-codes were complete and
checked again for consistency, the database was finalised.

The database was analysed focusing on the document count
(i.e. number of studies in the database coded to each code and sub-
code) and co-occurrence analysis (i.e. number of studies in which
two sub-codes co-existed simultaneously). The frequency of the
co-occurrence of (a) the nature-related policy question and (b) the
design choices indicate prevalence in the study database.

2.3 | Validation workshop

A participatory workshop with key biodiversity experts and policy/
decision-makers in the UK was held in February 2025. The aim was
to validate the framework to make it more usable and relevant. The
25 participants included 16 individuals from relevant academic
partners, government departments, UK nature and conservation
agencies and non-governmental organisations and 9 experts on
scenarios and modelling of biodiversity futures. The discussion
was captured on a digital collaboration platform and by notetakers.
Participants validated the framework by voting on which questions
in the final typology in the framework are most relevant to their
organisation and how the question may need to be adapted to be
useful. Participants then reviewed the design choices and gave
feedback on the clarity and relevance of the descriptions. Then,
participants enriched the framework by mapping existing and future
scenario work onto the framework. After the process, participants
were asked to share their experience of operationalising the
framework. The feedback from participants was synthesised to

inform the final iteration of the framework.
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2.4 | Case study reflection

Aretrospective reflection was conducted with seven experts from the
co-author team to reflect on the potential opportunities and impact of
using the framework in practice. The exercise focused on a protected
area case study, which was selected because it was a more typical
ecological modelling exercise that may benefit from an enriched sce-
nario approach and addressed a timely and decision-relevant question
that was established through stakeholder consultation. Additionally,
the case study did not use a framework to inform their scenario ap-
proach, offering a useful basis from which to discuss opportunities
to embed the framework in practice. The case study explored dif-
ferent structural ways of implementing the required increase in pro-
tected areas to reach 30% protected areas target in the UK under
the Kunming-Montreal GBF, and the impacts this would have on
bird abundance and trends (see Supporting Information for full case
study description). During the reflection exercise, experts reflected
on which questions their modelling approach asked, how the decision
about these questions came about, and how the use of the frame-
work may have influenced their approach. The experts then together
reflected on their design choices, whether these decisions were made
explicitly (e.g. through discussion) or implicitly (e.g. through the choice
of modelling method), and how the use of the framework may have
influenced them. These reflections are summarised in boxes through-

out the presentation of results.

3 | RESULTS

3.1 | Scenarios are used to address a wide range of
nature-related policy-relevant questions

The typology of key policy-relevant questions relevant to nature
that can be explored using scenarios is summarised in Table 1. These
questions fall into three broad types: (1) Evaluating risks and drivers
related to biodiversity and nature positive, (2) Envisioning and
elaborating desirable futures and (3) Understanding and evaluating
options for change. Nine further sub-types are demonstrated with
generalised example questions, which combine questions from
the literature database and the Initiation Workshop. The count of
documents from literature shows the number of studies (of 46) that
were coded to that question type, noting that these questions are
not mutually exclusive. The full analysis of studies according to these
questions can be found in the Supporting Information (Table S1).
This analysis shows that questions related to Understanding
drivers (57%); Identifying, prioritising and phasing actions (52%); and
Evaluating the effectiveness of management options (52%) were most
commonly addressed across UK and global studies and Evaluating
risks and uncertainty (11%) and Identifying robust solutions (20%) were
least represented. Comparing UK-specific versus global studies
shows a prevalence in the UK for Identifying and balancing multiple

objectives & trade-offs and Evaluating the effectiveness and impacts of
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TABLE 1 Policy-relevant questions that can be explored using scenario approaches.

Document count (% of sample)

Category of question Example questions Total UK Global
1. Evaluating risks and drivers associated with biodiversity and nature
Understanding drivers e What are the key social, cultural or technological drivers influencing 26 (57%) 11 (55%) 15 (58%)
future land use change, ecosystem services and biodiversity/nature
outcomes?
e What are the key biophysical drivers (e.g. climate change)
influencing future land use change, ecosystem services and
biodiversity/nature outcomes?
e What land use change scenarios emerge from these interacting
drivers?
e What drivers of change (e.g. technological) influence future
management options?
Evaluating risk and e What are the critical risks and uncertainties associated with the 5(11%) 1(5%) 4 (15%)
uncertainty future ecosystem services and biodiversity/nature outcomes?
e How do these risks and uncertainties interact?
2. Envisioning and elaborating desirable futures
Monitoring change over e What indicator(s) should be measured to assess progress towards a 19 (41%) 7 (35%) 12 (46%)
time (methods & current goal or desired biodiversity/nature outcome?
indicators) e What indicator(s) should be measured to assess performance of
policy and management strategies against a desired biodiversity/
nature outcomes?
Identifying and balancing e What are the co-benefits and trade-offs of different ways of 18 (39%) 9 (45%) 8 (31%)
multiple objectives & achieving multiple policy goals (e.g. for climate and biodiversity)?
trade-offs e How can we address conflicts between multiple goals (e.g. with
synergistic policies)?
Defining future biodiversity e What is our vision of a desirable future, that is a world in which we 14 (30%) 6 (30%) 8 (31%)
(visions & future indicators) have achieved a desired biodiversity/nature outcome?
e What indicators and targets/thresholds represent achieving that
desirable future?
3. Understanding and evaluating options for change
Identifying, prioritising and e Which policies, management strategies or interventions are most 24 (52%) 8 (40%) 15 (58%)
phasing actions suitable?
e Where should these policies and management strategies be
targeted?
e How can these policies and management strategies be combined
into pathways to achieve a desirable biodiversity/nature outcome?
Evaluating the implications e What are the implications of scenarios (e.g. of land use change or 13 (28%) 4 (20%) 9 (35%)
of change (e.g. land use) indirect drivers) on ecosystem services and biodiversity/nature
outcomes?
e What are the implications of changes in ecosystem services on
human wellbeing?
e Which social groups or regions are most affected by these changes?
Evaluating the effectiveness e What are the impacts of individual or combinations of policy 24 (52%) 12 (60%) 11 (42%)
and impacts of policy and and management actions on biodiversity/nature and broader
management sustainability targets?
e To what extent do the actions provide benefits and achieve their
targets over time?
e What are the co-benefits of actions?
e Are there any trade-offs or unintended consequences of actions?
Identifying robust solutions e Which policies and management strategies are effective under a 9 (20%) 3(15%) 6(23%)

range of possible future scenarios?
e Which policies and management strategies are feasible under a
range of possible future scenarios?
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BOX 1 Key nature-related policy questions in the
protected area case study in practice.

The protected areas case study explored questions such
as: (1) ‘What would happen to bird populations if the UK
increased protected area coverage to 30% of its land
area in different ways?’, (2) ‘What effect would targeted
conservation management across those protected sites
have on bird populations?’ and (3) ‘Would expanding
protected area coverage to 30% with or without additional
targeted management be sufficient to achieve nature
recovery targets, such as increasing abundance by 2042
by 10%'? These questions fall under the Understanding
and evaluating options for change category, including
multiple questions under Evaluating the effectiveness and
impacts of policy and management. These questions were
co-developed through engagement with a range of actors
in government, non-governmental organisations and
statutory conservation agencies in the UK, considering
the expertise of researchers and feasibility within resource
constraints.

policy and management. Box 1 contains reflections on these ques-

tions from the protected area case study.

3.2 | Seven key design choices shape the scenario
approach

Seven key design choices that shape the scenario approach are
summarised in Table 2. For example, framing design choices may
include the choice of Scenario approach or Target of modelling and
evaluation, and methodological design choices may include the
Spatial scale or Level of quantification (formalisation). Each design
choice is accompanied by a key question that may be asked when
making the decision. Importantly, the construction of scenario ap-
proaches is more complex than implied by Table 2, because the
design choices are not mutually exclusive. Many studies included
multiple choices under a single design decision, as they may be
done concurrently or in sequence: for example, a study may evalu-
ate the impact of indirect drivers (e.g. socio-economic change) on
direct drivers (e.g. land use) and subsequently evaluate the impact
of direct drivers (e.g. land use) on ecosystem services. Additionally,
design choices beyond the seven listed in Table 2 are possible
and should be explored. The full analysis that codes the studies
to these design choices can be found in Supporting Information
(Table S2) alongside examples from the studies included in the
scoping review for each design decision (Table S3).

From Table 2, prominent design choices (>60% of total stud-
ies) appear to use a Policy design (target-seeking) scenario approach
(65%) and include Direct (anthropogenic) drivers (78%) and Indirect
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drivers and/or policy levers (70%) in the scenarios. Many studies are
conducted at a Regional Spatial scale (61%) and are split between
Qualitative (67%) and Quantitative (74%). These proportions were
largely consistent at global and UK-specific studies, save for pro-
portionally more studies characterising Direct (biophysical) driv-
ers and Medium-term temporal scales in global studies. Similarly,
proportionally more studies at global scales evaluated the Impact
of direct drivers (e.g. land use) on ecosystem services and involved
stakeholders for Learning, whereas more studies at UK scale eval-
uated the Impact of direct drivers (e.g. land use) on biodiversity/
nature outcomes. Reflections on the design choices from the pro-
tected area case study are shared in Box 2.

3.3 | Co-occurrence of design choices and
policy-relevant questions reveals important patterns

Table 4 presents the pairwise co-occurrence of design choices
(row) and policy-relevant questions (column), with the number in
each cell representing the number of studies coded to both. High
prevalence is assumed to reflect more frequently explored ques-
tions (column) and more established design choices (row). Low
prevalence is assumed to reflect less frequently explored ques-
tions and less established design choices, pointing to areas of
novelty or innovation. Users should not assume lower prevalence
is a direct indication of lower importance or appropriateness, as
prevalence may also be attributed to other factors such as relative
ease of implementation or publication bias.

Table 3 can be read in two directions. If a user's entry point
is (a) a policy-relevant question they wish to answer, Table 3
can be read in the column direction to identify which design
choices are most and least prevalently used. For example, stud-
ies responding to questions related to Identifying, prioritising
and phasing actions for biodiversity predominantly used Policy
design (target-seeking) scenario types (19 studies), using both
anthropogenic direct drivers (16) and indirect drivers (15) that
include policy and management options, and involved stake-
holders for Knowledge input (18). If a user's entry point is (b)
a design choice they want to use, Table 3 can be read in the
row direction to identify most and least prevalent questions
that approach has been used to answer. For example, model-
ling approaches that evaluate the Impact of direct drivers on
ecosystem services most prevalently answer questions related
to Understanding drivers (13 studies) and evaluating the effec-
tiveness and impacts of policy and management (16). For each co-
occurrence, users can consider whether they will make more
established choices (high prevalence) or pursue more novel or
innovative approaches (low prevalence).

From this starting point, Table 3 can also be used to explore ad-
ditional relevant co-occurrences and examples and consider design
choices and options beyond the scope of the framework. The full
table of co-occurrence between design choices (not just policy-
relevant questions to design choices, as in Table 3) can be found in
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LAZURKO ET AL.

BOX 2 Key design choices in the protected area
case study in practice.

The Scenario approach emerged from the policy-relevant
questions, which included both Policy screening and
evaluation and Target seeking. The 30x 30 policy stipulates
that 30% of land is protected by 2030 (i.e. a policy lever
or indirect driver), which requires a change of existing
protected area management or the introduction of new
protected areas. The Target of the modelling /Evaluation
therefore focused on the impacts and consequences of
the changes to the extent of protection of specific land
areas—protected areas, and the degree of conservation
management targeted at those protected areas. These were
classed as direct drivers of species abundance and trends of
bird species, falling under the Impacts of direct drivers (e.g.
land use) on biodiversity/nature outcomes category. The case
study selected a Medium term (~12years) time scale due to
initial engagement, as users wanted to evaluate the effects
of progress towards the 2030 target on protected area
extent and the implications for species' abundance targets
to 2042. The Spatial scale was determined by the focus on
national policy and the resolution of the available spatial
data (National, 1km2). The Level of stakeholder participation
for producing the scenarios themselves was ‘none’ or
‘validation’ according to the framework, as stakeholders
were engaged in the study framing and in validating
and discussing results, but not in the construction of
scenarios or implementation of the modelling. The Level
of quantification was high as statistical modelling was the

focus of the study.

Supporting Information (Table S4), in addition to the more compre-

hensive series of example studies.

3.4 | The findings can inform coherent design
choices for scenarios exploring biodiversity futures

This section translates the findings of the review into a methodo-
logical framework to enable coherent design choices that are inten-
tional, transparent and aligned with the question they are meant to

answer.
3.4.1 | Coherent design choices
The methodological framework in Table 4 suggests how the review

findings presented in Sections 3.1-3.3 can be used to enable coher-
ent design choices in future studies. Step 1 requires scanning the

BRIISH ¢ 11
Eggg,tggw People and Nature |

scope of options available for policy-relevant questions that can be
explored using scenarios (Table 1) and design choices (Table 2). This
informs Step 2, in which a user identifies their entry point, which
allows them to then explore the co-occurrence analysis in Step 3
(Table 3) in ways that suit their needs. Step 4 expands on this ini-
tial exploration of co-occurrence, suggesting users go beyond their
entry point to consider additional co-occurrences and seek example
studies as needed. At this point, a user can mix and match design
choices, making careful decisions regarding whether to use more
established (high prevalence) or novel (low prevalence) approaches
depending on the overall purpose of the study and capabilities of
the team. In some cases, users may also be prompted to test options
beyond the scope of the framework.

These decisions must keep in mind factors beyond appropriate-
ness that may influence the prevalence of particular design choices
(e.g. researcher skillset, implementation feasibility or publication
bias). Step 5 is to embark on a decision pathway, involving a series of
intentional and transparent decisions building from the entry point
established in Step 2, drawing from the insights from Steps 1 to 4.
Within the decision pathway, a user will select at least one policy-
relevant question to answer and at least one option for each of the
seven design choices. Importantly, this process can be fluid as users
may approach this process from multiple entry points with different
priorities, capacities and constraints.

3.4.2 | Example decision pathways

We visualise part of a decision pathway from two contrasting
entry points to demonstrate the concept: (a) a policymaker with
an initial policy question they want to explore (Figure 2) and (b)
a biodiversity modeller with a method they want to use to inform
policy (Figure 3).

The first decision pathway (Figure 2) is from the perspective of
a policymaker with an initial policy question they want to explore
using scenarios. One of the categories of questions ranked highest
in importance in the validation workshop was Understanding drivers
(e.g. what are the key social, cultural or technological drivers influ-
encing future land use change, ecosystem services and biodiversity/
nature outcomes?). The decision pathway shows a possible route
through design choices that follow, starting with Scenario approach,
followed by Types of drivers in scenarios, Target of modelling/evalua-
tion and Level of quantification (formalisation). From this, we can see
how a user may construct a decision pathway considering the full
range of options (boxes) and co-occurrences between the policy-
relevant question (thickness of lines).

The second decision pathway (Figure 3) is based on the per-
spective of a biodiversity modeller who wishes to provide ev-
idence for policy. In this example, the decision pathway is less
linear, as it starts from a design choice—the Target of modelling/
evaluation—which then is connected upward to the questions the
approach may answer and downward to the choice of Scenario ap-
proach. In this way, the framework allows modellers to be more
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TABLE 4 Methodological framework to guide coherent design choices for scenarios in future studies.

Step

1. Scan options

2. Determine entry point

3. Explore options co-occurring
with the entry point

4. Explore additional relevant co-
occurrences and examples

Activity

Review the key policy-relevant questions and design choices to understand full range
of options available.

Determine whether the entry point to scenarios is:
(a) a policy-relevant question to answer
(b) a certain design choice to use (e.g. modelling approach)

If entry point is (a) Read the co-occurrence
table in the column direction to identify
the prevalence of design choices
responding to the question and to find
exemplar studies.

Building on Step 3, explore additional co-occurrences in Table 3 and the co-occurrence
between design choices in the Supporting Information. Refer to example studies in the
Supporting Information for further insight as needed.

For each co-occurrence, consider whether more established (high prevalence) or less
established or novel approaches (low prevalence) are preferred, aligned to the a user's

Relevant data

Tables 1 and 2

overall aims and priorities. Remain open minded to emerging decision choices from

literature beyond (Table 4).

5. Design a coherent decision
pathway

intentional with which types of scenarios they can use and which
policy-relevant questions they can answer. Box 3 summarises re-
flections connecting design choices to policy-relevant questions

in the protected area case study.

4 | DISCUSSION

The Kunming-Montreal GBF outlines an ambitious trajectory for trans-
formative action as an urgent response to biodiversity loss (Convention
on Biological Diversity, 2022; Li et al., 2023). Addressing the imple-
mentation gap between targets, plans and action requires translating
these ambitions into context-relevant and implementable policy and
management strategies that account for the wide range of complexi-
ties and uncertainties influencing the future of biodiversity. Various
research projects and government agencies in the UK and globally are
developing scenarios to underpin biodiversity projections in response,
many of which are detailed in the 26 global and 20 UK-specific stud-
ies. However, no single scenario approach addresses the full scope of
complexity influencing the future of biodiversity, highlighting the im-
portance of coherent design choices for biodiversity futures.

In this paper, we developed and validated a methodological
framework comprised of five steps to enable these coherent design
choices. By coherent, we mean design choices that are intentional,
transparent and aligned with the question they are meant to answer.
The framework ends with a user constructing a fluid decision path-
way that builds on their exploration of three findings from our study:
a typology of key policy-relevant questions relevant to the future
of biodiversity, a series of key design choices required to construct
and use scenarios, and a co-occurrence analysis indicating more and

Using insight from Step 3 and 4, make a series of intentional and transparent decisions
building from the entry point. At the end of the decision pathway, a user will have:

e Selected at least one policy-relevant questions to answer

e Selected at least one option for each of the seven design choices

If entry point is (b) Read the co-occurrence  Table 3

table in the row direction to identify

the prevalence of questions the design

choice has answered and to find exemplar

studies.
Table 3;
Supporting
Information
Tables 3 and
4; Supporting
Information;
Figures 2 and 3

less prevalent design choices for responding to particular questions.
By making the range of options and choices in a decision pathway
explicit, this framework expands the scope of options and promotes
more purposive choices, mitigating the risk that decisions informed
by scenarios exclude important risks or opportunities (Lawrence
et al., 2024). This intentional and transparent approach may also help
challenge or nuance assumptions and enable transformative action.
Importantly, flexible use of the framework is needed to accommo-
date multiple entry points and the influence of real-world factors
that make design decisions more context-dependent and fluid in
practice. Still, widespread uptake of the framework could offer com-
mon terminology and a shared understanding across organisations,
disciplines and sectors, including between scientific and policy com-
munities. In doing so, the framework can provide greater structure
and transparency, thus improving the usability and inter-operability
of scenarios for the scientific community.

The findings can be operationalised by diverse users developing
and using scenarios to explore biodiversity futures. The primary use
of the methodological framework is to guide design choices in future
studies according to the steps detailed in Section 3.4. Key to these
steps is that the framework can be approached from multiple entry
points: for example, a policymaker who has a question they wish to
answer or a scientist who has an approach they want to use. Within
the UK, the framework can be considered representative of the sce-
nario landscape in published studies and used accordingly. Users at
local scales within the UK may consider adapting the questions in the
framework, as they were elicited from primarily national-level stake-
holders from statutory bodies. Beyond the UK, the framework can
be considered relatively generalisable. However, users may consider
adapting the framework by enriching it with local or regional studies

85U8017 SUOWILLOD aAIEs.1D) 8|qeotjdde ay) Aq peusenob ae sejolie YO ‘85N JO S8 10} ARIq1T 8ULUO A8]IAA UO (SUONIPUOD-PUE-SWLBI W00 A8 1M Ae.q 1)Ul [UO//:SdNY) SUORIPUOD pue SIS 1 81 88S *[9202/20/02] Uo ARiqiaulluo A8)im ‘ABojoipAH 7 ABoj0o3 Jo4 aued SN Aq 88E0. EUed/Z00T 0T/10p/Lod A3 (1M AIq Ul |UO'S FUINO B8y /:SdNy Wo.y papeojumod ‘0 ‘YTE8S.SZ



LAZURKO ET AL.

Entry point: a policy-
relevant question

Design choice:
scenario approach

Design choice:
Types of drivers

setting

{exploratory)

Directdrivers

(anthropogenic,
human-driven)

BRITISH 15
Eggg,tggw People and Nature | v

Understanding
drivers

e e e e e e e

Policy design
(target-

Directdrivers
(environmental,
biophysically-

Policy
implementation
(policy
screening)

Indirect

drivers and
policy levers

[} \\\ \\
I \\ // >\\\
I //( 5 Indirect .
] o e drivers and X
i ice: ; \ l.ndxrect drivers policylevers | 'Dlmct
Design choice: Target of Indirect e ey e Lax A
modelling / evaluation drvers andS policy o land use) on
: ng p policy levers ~\ leverson land « mansgemant bicdiversity/
(ipaetsohsy ondirect NSNS ES ) g0 ( -7 nature
drivers y . - - 5 ES /,/ p
N I A TR N ¥ 1
\ \ A A N/ I
) l \ 7 NS 7
“ N // \\y )/\\ \ K I
\ I / \,’/ Ny, /\
\ X A N A '
! I e XN I N
| I J 6% ) \,\/' L |
/ \ / g NG
\ / S [/ N
TP AN A
Design choice: Level of ‘\ I"/'/// N\ \\\ \\\\ |

quantification

Qualitative

\
-

Quantitative

quantitative

FIGURE 2 A decision pathway, where a user makes a series of design choices, starting from the key policy question they wish to answer.
The strength of co-occurrence of the two connecting nodes is represented by the thickness of the line, indicating relative prevalence in
the study database and suggesting more established methods. By contrast, thinner lines represent less tested design choice options. ES,

ecosystem services.

and reflecting upon the unique aspects of their social-ecological and
political context. Participatory methods can help contextualise the
policy-relevant questions. For example, where action to address
the biodiversity crisis has become politically challenging, users may
need to alter the wording of the questions to suit their environment
or add additional questions that addresses socio-political tensions
as a key driver of biodiversity futures (Billet et al., 2024; Le Velly
et al., 2024). Users may also need to innovate beyond the scope of

existing studies to address emergent challenges and add additional
design choices that reflect their needs. For example, some contexts
may call for inclusive scenario approaches that centre Indigenous
and local communities (Chibwe et al., 2024). Others may wish to
leverage creative arts, imagination, emotions and values in the sce-
nario process, which has been published less frequently in the UK
and were thus underrepresented in this study (Fazey et al., 2020;
Moore & Milkoreit, 2020; Pereira et al., 2019).
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FIGURE 3 Decision pathway from the design decision ‘target of modelling and evaluation’ (orange box) to the policy-relevant question
(grey boxes) and scenario approach (purple boxes). The strength of co-occurrence of the two connecting nodes is represented by the
thickness of the line, indicating relative prevalence in the study database.

BOX 3 Connecting design choices to policy-relevant questions in the protected area case study in practice.

The protected area case study responded to questions about Understanding and evaluating options for change, that is Evaluating
the effectiveness and impacts of policy and management. Table 3 shows that the most prevalent design choices that respond to these
questions include using Policy design (target-seeking) scenario approaches (16 co-occurrences), including Direct drivers (anthropogenic,
human-driven) (20 co-occurrences), with the Target of the modelling and evaluation focused on the Impacts of direct drivers (e.g. land
use) on ES (16 co-occurrences). These design choices deviate from the actual decisions made in the protected area case due to the
contextual factors—such as stakeholder preferences, data availability and researcher capacities and expertise. Co-authors reflected
that using the framework when developing their case study may have helped them consider additional options beyond those im-
mediately surfaced by decision-makers. The framework may have offered a clearer structure for scoping follow-on work, such as
an evaluation of co-benefits and trade-offs of conservation actions (ldentifying and balancing multiple objectives and trade-offs) or of
their effectiveness under multiple land use or climatic trajectories (Evaluating the effectiveness and impacts of policy and management).
Using the framework may have helped co-authors consider expanding or altering the scope of the study to include different scenario
approaches or types of drivers, which may be addressed in future developments of the modelling framework (e.g. exploratory sce-
narios evaluating how a policy related to timber or food self-sufficiency in the UK may impact land cover and thus the locations and
effectiveness of protected area sites). These reflections point to the potential benefits of coherent approach but also emphasise that

the framework can guide—but not dictate—design choices due to the nuances of real-world factors.

Our framework can also be used in other ways within the bio- the assumptions in societal trajectories informing biodiversity pro-

diversity research community. Retrospective reflection on previous
studies can help communicate how existing scenario approaches are
situated relative to others, expanding the framework as needed if
additional questions or design choices emerge. This is particularly
useful for the modelling community, as greater transparency about

jections can build legitimacy and aid in interpretation of the out-
puts. The co-occurrence analysis also reveals emergent patterns
to inform a future research agenda. For example, questions related
to Understanding drivers; Identifying, prioritising and phasing actions;
and Evaluating the effectiveness of management options were most
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commonly addressed across UK and global studies and Evaluating
risks and uncertainty and Identifying robust solutions were least rep-
resented. Addressing such gaps may help improve the resilience and
long-term effectiveness of nature-related policy.

The study had several limitations that should be considered
in uptake and further research. A limited number of studies were
available to underpin the framework, elicited through search terms
that returned inter/transdisciplinary studies with a significant
focus on scenario development. This search process did not aim to
be wholly comprehensive but provide sufficient data for generating
the framework. This means that the study should be considered
non-comprehensive to serve as a foundation for more comprehen-
sive meta-analysis of a wider scope of studies and to further innova-
tion in methods beyond the scope of this framework. Additionally,
the search criteria excluded studies that lacked methodological
detail on the scenarios themselves, which in many cases excluded
modelling studies that simply varied the values of an environmen-
tal variable in a statistical biodiversity model. As a result, we did
not close the gap between scenario development (which charac-
terises the direct and indirect drivers of biodiversity loss) with the
quantitative projections estimating impacts on biodiversity. Future
research to elaborate on design choices for particular modelling
approaches would be valuable. This limitation mirrors a gap in this
field of research that needs to be addressed, between the commu-
nity of scientists pursuing methodological rigour and innovation in
scenario development from those attempting to improve biodiver-
sity modelling approaches for long-term projections. Opportunities
to leverage scenarios as a way to facilitate integration across sci-
entists has been documented (Kréger & Schifer, 2016) and can be
further leveraged here.

Another limitation of our study is that we used a retrospective
analysis of past scenario studies to inform a framework that guides
future studies. This has significant implications, as it bounds the
set of questions and design choices to past studies without con-
sidering crucial, emergent issues. For example, biodiversity fu-
tures are influenced by highly complex interactions between
social and ecological systems. Many existing scenario approaches
simplify the non-linear, emergent nature of change in linked
social-ecological systems, particularly under emerging conditions
in which humans are a dominant force influencing the earth sys-
tem (Folke et al., 2021; Verburg et al., 2016). Similarly, dominant
scenario approaches have only recently begun to embrace the
plurality of worldviews and value systems (Leventon et al., 2021;
Pereira et al., 2021). These crucial challenges are not reflected in
this study due to our search terms and our reliance on published
work at the time of analysis.

Second, the co-occurrence analysis in particular relied on the as-
sumption that higher prevalence (i.e. a higher count of documents
with a specific co-occurring policy-relevant question and design
choice) is indicative of more established design choices. Conversely,
we assumed that lower prevalence isindicative of less established de-
sign choices, which offer areas of novelty or innovation. We avoided
making an explicit assumption that low prevalence indicates a design

BRIISH ¢ 17
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choice is explicitly less appropriate, as lower prevalence may be a
result of other factors, including challenges or trade-offs of imple-
menting particular design choices in practice as emerged in the case
study reflection. For example, many ecologists may be more com-
fortable with the scientific conventions of quantitative models and
find more qualitative or semi-quantitative approaches challenging
even though they may be the only options available. Certain design
choices also may require significantly more resources: considering
a wider range of indirect socio-economic drivers introduces signif-
icant complexity and uncertainty to the modelling process. Thus,
users have been encouraged to intentionally choose to either adopt
more established or novel approaches and to draw from examples
in the study database to support their decisions as needed. Future
studies may consider other methods that better link prevalence with
appropriateness, such as using expert judgement or multiple perfor-

mance metrics to further validate and enrich our approach.

5 | CONCLUSION

Scenarios are useful tools for characterising the complexity and un-
certainty influencing biodiversity futures, but the methodological
diversity of the field presents challenges. In this study, we developed
and validated a framework for coherent design choices for scenarios
that explore policy-relevant questions using a mixed methods ap-
proach, including two participatory workshops, scoping review and
case study reflection. This resulted in a typology of nature-related,
policy-relevant questions to be explored using scenarios, a series of
seven key design choices that make up a scenario approach and a
co-occurrence analysis that shows the prevalence of design choices
responding to particular questions. Together, these inform a five-
step methodological approach that guides a user towards a bespoke
decision pathway of design choices that meet their needs.

This study opens up several areas for future research. The
framework can be populated with both current and emerging
studies that did not appear in the published study database, help-
ing develop a more comprehensive framework and database that
can be used to identify gaps that more accurately chart path-
ways for future research in the UK and beyond. The framework
could also be translated into an interactive decision pathway via
a user interface, which can support uptake of the framework (e.g.
a user can choose an entry point and structure their own deci-
sion pathway based on the database underlying the framework).
Further research is required to test the impact of the framework
in real-world scenario processes, to determine whether it leads
to better outcomes and improves the inter-operability and co-
herence of the scenario landscape. This opportunity can be in-
spired by emerging efforts to improve and trace the impact of
using models for evidence-based decision-making through struc-
tured approaches in conservation science (Addison et al., 2013;
Burgman et al., 2011). Further research is also required to adapt
the framework to new contexts—other countries and sub/interna-
tional scales—and potentially other sectors beyond biodiversity.
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Because this was a non-comprehensive review, future studies can
conduct more comprehensive meta-analysis of studies structured
by our framework and further innovation in methods beyond the
scope of this framework.

Biodiversity, both in the UK and globally, has been significantly
depleted over recent centuries, and numerous efforts to generate
evidence for informing decisions to halt and reverse biodiversity loss
using scenarios are underway. Our framework guides coherent de-
sign decisions for scenarios exploring biodiversity futures, demon-
strated in the UK to explore how such a framework can be made
relevant and operational for a particular policy landscape. The re-
sulting framework can facilitate a more intentional and transparent
approach to making design choices that are commensurate with the
questions asked. The use of the framework will also help policymak-
ers map the evidence available and understand why studies might
differ in their inference. This will enable greater use of inter-model
comparisons as climatologists do, which will help improve clarity
with respect to the consistency of evidence for decision-making. In
summary, we suggest that consistent uptake and enrichment of the
framework hold promise for generating evidence that can facilitate
a more coherent and potentially transformative set of options for

halting and reversing biodiversity loss.
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