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Mountain regions are
increasingly vulnerable to
the converging global crises
of climate change,
biodiversity loss, and land
degradation. These
socioecological challenges
demand not only

incremental adaptation but also broader societal transformation
processes, including in knowledge production. Science–society
interactions (SSIs) are increasingly recognized as a promising
pathway toward the coproduction of context-specific, actionable
knowledge that can support such transformations. In recent
years, the United Nations Educational, Scientific and Cultural
Organization’s (UNESCO’s) Man and the Biosphere (MAB) program
has positioned its biosphere reserves (BRs), most of which are in
mountain regions, as model sites for sustainability
transformations and for advancing SSIs. However, despite a
strong emphasis on SSIs in MAB policy directives, little is known
about whether and how these have been implemented in
practice. This paper investigates the policy implementation gaps
between the aims of the MAB program and reality on the ground,
based on qualitative content analysis of periodic review reports

from 18 mountain BRs across Africa, Australia, Europe, and

North America and 14 semistructured interviews with BR

representatives. Findings reveal that SSIs in mountain BRs

remain predominantly ecology-focused, characterized by one-

way, short-term information transfer, with limited involvement

of local actors or incorporation of nonacademic knowledge.

Main challenges to the international policy goals include

resource and capacity constraints, weak institutional

anchoring, fragmented governance, and sociopolitical

resistance. Although participatory approaches are widely

valued, their practical execution remains challenging. The

results underscore the need for context-sensitive policy

frameworks, increased resources, and capacity-building to

strengthen mountain BRs as model regions for SSIs and

sustainability transformations.

Keywords: science–society interactions; biosphere reserves;
mountain regions; UNESCO Man and the Biosphere program;
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coproduction; sustainability transformation.
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Introduction

The polycrisis, driven by interconnected issues such as
climate change, biodiversity loss, and land degradation, is
threatening ecosystems and giving rise to major socioeconomic
and political consequences (IPCC 2022; Lawrence et al
2024). Mountain regions, home to more than a billion
people, are particularly vulnerable due to their biophysical
characteristics and exposure to rapid environmental change
and socioeconomic pressures (Adler et al 2022; Aquerreta
et al 2022). They often represent ecological and cultural
hotspots, supporting unique ecosystems and traditional
livelihoods that are increasingly at risk (Wyss et al 2022).

Climate change is accelerating glacier melt, altering species
distributions, and increasing the frequency of extreme weather
events, heightening risks not only for mountain ecosystems and
communities but also for downstream lowland regions that
depend onmountain resources (Steiger et al 2024; Tripathi et al
2024). Additionally, biodiversity loss and land degradation in
mountain areas are compounded by land use changes,
overexploitation of natural resources, and the frequent
marginalization of mountain regions, where limited economic
opportunities and political influence increase vulnerability
(Chand and Leimgruber 2016; Gupta et al 2022; Wyss et al 2022).

Given the urgency and complexity of these challenges,
incremental adaptation is increasingly considered
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insufficient, prompting calls for transformative changes in
governance, knowledge production, and socioeconomic systems
(Folke et al 2021; Vogel and O’Brien 2022; Voulvoulis et al
2022). Such calls have gained momentum across science, policy,
and civil society (Bennett et al 2019), highlighting the need for
approaches that integrate scientific expertise with other
knowledge systems (eg local, Indigenous, practitioner) (Wyss
et al 2022; Horcea-Milcu et al 2024). Traditional scientific
approaches to knowledge generation often fall short by
overlooking local needs and knowledge (Lang et al 2012).
Science–society interactions (SSIs) offer a promising pathway,
bringing together scientific and societal actors to generate
context-specific, actionable knowledge (Schneider et al 2021;
Barth et al 2023). SSIs encompass a variety of activities,
ranging from minimal, one-way exchanges such as interviews
or consultations to intensive, participatory processes, such as
transdisciplinary research (Steger et al 2021; Knott et al 2022;
Mitrofanenko et al 2025). The more participatory forms are
increasingly recognized for their potential to foster peer
learning and thereby offer new pathways to support societal
transformation (Schneider et al 2019; Kok et al 2021).

The role of SSIs in advancing sustainability transformations
is increasingly acknowledged across diverse sectors, from
climate change adaptation and agriculture to public health and
innovation policy (Fontana et al 2021; Schwarz et al 2021;
Hellin et al 2022). This emphasis is also evident in conservation
and protected area management, where participatory
approaches to knowledge production are considered essential
for addressing socioecological challenges (Dur�an et al 2023). A
notable example is the United Nations Educational, Scientific
and Cultural Organization’s (UNESCO’s) Man and the
Biosphere (MAB) program and its global network of
biosphere reserves (BRs) pioneered as model regions for
sustainable development and transformation (Dabard
et al 2025; Leibenath et al 2025). BRs provide a unique
framework for experimenting with and institutionalizing
SSIs (Reed 2016). Unlike conventional protected areas,
which primarily emphasize conservation, BRs operate
under a tripartite mandate: conservation of biodiversity,
promotion of sustainable development, and facilitation of
research and education (UNESCO 1996).

Established in the 1970s to promote global collaboration
in conservation, research, and ecological monitoring, BRs
have evolved alongside growing recognition of the need for
more inclusive, participatory, and place-based approaches
to sustainability (Price et al 2010). This shift was formalized
with the adoption of the 1995 Seville Strategy that redefined
BRs as learning sites for sustainability and explicitly called
for the involvement of local communities in knowledge
production (UNESCO 1996; Reed and Massie 2013). This
trajectory continued with the MAB Strategy 2015–2025 and
the 2017 Lima Action Plan (UNESCO 2017), which guide the
development and functioning of BRs in the current decade,
and has now been further advanced through the Hangzhou
Strategic Action Plan for 2026–2035 (UNESCO 2025). These
policy documents not only reaffirm the importance of SSIs,
but also strengthen the emphasis on collaborative forms,
explicitly calling for SSIs through meaningful collaboration
among policymakers, scientists, and citizens to generate
context-specific knowledge (Goodrich et al 2020; UNESCO
2025). However, it remains unclear whether and how this
emphasis has been translated into practice.

Several studies have broadly explored MAB policy
implementation in BRs, highlighting the importance of
institutional structures, governance arrangements, and
professional expertise, while also pointing to legislative
misalignment, the need for multisectoral collaboration, and
the role of legal frameworks in shaping accountability
(Schliep and Stoll-Kleemann 2010; Elbakidze et al 2013;
Klaver et al 2024). However, the implementation of MAB
policy directives concerning SSIs remains underexplored.
The few studies that do touch on SSIs in BRs suggest that
their potential remains largely untapped, pointing to a
policy implementation gap between the ambitions of the
MAB program and their realization in practice (Reed 2019;
Pool-Stanvliet and Coetzer 2020; Dabard et al 2024;
Sandstr€om et al 2025). In this article, we address this gap by
(1) examining the extent to which the Seville Strategy and
the latest UNESCO MAB policy directives on SSIs have been
operationalized within mountain BRs, as well as (2)
identifying the challenges associated with the
implementation of these policies on the ground. Mountain
BRs make up a substantial share of the global network, with
the majority of the sites located in mountain areas, and since
2021 they have been formally recognized through the World
Network of Mountain Biosphere Reserves as strategic hubs for
international research collaboration and cross-border
cooperation (UNESCO 2023; K€ock et al 2025; WNMBR n.d.).
Hosting many Indigenous communities with rich knowledge
systems, they offer particularly fertile ground for experimenting
with coproductive approaches to sustainability and advancing
SSIs (Otero et al 2020; Mason et al 2022). To frame this analysis,
the following section outlines how policy implementation gaps
and challenges are understood in the broader governance
literature. Although UNESCO’s MAB framework articulates an
ambitious vision for collaborative and participatory approaches
to SSIs, its practical realization depends on a complex interplay
of institutional capacities, political incentives, and
socioeconomic contexts. Understanding these underlying
dynamics provides a foundation for analyzing howMAB policy
directives on SSIs are implemented within mountain BRs.

Policy implementation gaps and challenges

The policy implementation gap, understood as the
divergence between policy objectives and their realization
in practice, can emerge from a combination of structural
and procedural shortcomings (Hudson et al 2019; Hill and
Hupe 2021). These are shaped by implementation
challenges arising from the institutional, political, and
socioeconomic conditions that hinder or delay the effective
translation of policy into action, including overly optimistic
expectations, fragmented governance systems, and
inadequate resource allocation (Osmani et al 2022; Ferraro
and Failler 2024).

Ambition–feasibility mismatch
Policies, understood as deliberate courses of action
developed and followed by actors to address specific issues
(Anderson 1975; Hill and Hupe 2021), often underestimate
the complexity of implementation, leading to mismatched
timelines, underestimated risks, and overestimated benefits.
This overoptimism frequently undermines the practicality
of policies and their outcomes (Hudson et al 2019). This is
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particularly evident in transformative or sustainability-
related policy frameworks, which often articulate broad
ambitions without providing concrete institutional
measures and mechanisms for implementation and
accountability (Haddad et al 2022).

Institutional fragmentation and coordination challenges
Policies formulated at national or international levels often
fail to account for local contexts, resulting in inconsistencies
in how they are applied at subnational levels (Sala et al 2024).
Efforts to implement policies at local levels can result in
unclear divisions of responsibility and fragmented coordination
(Hill and Hupe 2021). This is further exacerbated when local
governments or implementing organizations lack resources and
capacities, such as contextual knowledge or decision-making
authority, to adapt broad policies (Biesbroek 2021; Papamichail
et al 2023). Such conditions exemplify a form of institutional
hollowing out, where responsibilities are devolved without
adequate support (Bevir 2022). Rather than following a clear
top-down structure, implementation often unfolds within
polycentric settings. These are characterized by multiple actors
involved in decision-making that interact, cooperate, or
compete with one another across scales and sectors (Thiel et al
2019). Although such settings offer potential for innovation,
learning, and contextual adaptation, they also introduce
complexity, ambiguity, and coordination challenges (Stephan
et al 2019; Thiel et al 2019). In these settings, the distribution of
responsibilities, information, and incentives is often uneven,
which can result in fragmented implementation, overlaps, or
gaps in responsibilities, as well as varying and competing
interpretations of policy objectives.

Resource and capacity constraints
Another challenge is the lack of financial and human
resources required for effective implementation (Chasek
et al 2019; Lee 2024). Many policies, including those related
to the Sustainable Development Goals, require substantial
investment in capacity-building, training, and infrastructure
(Zhan and Santos-Paulino 2021). This is particularly
pronounced in low- and middle-income countries, where
financial and technical support from external actors is often
inadequate (Breuer et al 2023). Collaboration, or the lack
thereof, also plays a critical role in policy failures. Policies
often require intersectoral coordination to address cross-
cutting issues effectively (Biesbroek 2021). However,
traditional siloed approaches to policymaking hinder
collaboration, creating redundancies, inefficiencies, and
sometimes conflict (Hudson et al 2019; Scott and Gong
2021). Without a framework for continuous collaboration
and communication, policies risk losing their legitimacy and
face resistance during implementation (Stupak et al 2021).
Furthermore, success in implementation is often contingent
on local interest and the willingness of local actors to
collaborate (Dupuits et al 2022; Hui and Smith 2022).

Political cycles and accountability gaps
In addition, the unpredictability and fluctuations associated
with political cycles present a significant challenge. The
short-term focus of political leaders often leads to a
preference for quick results over long-term, sustainable
outcomes (Hudson et al 2019; Allen et al 2021). Decision-

makers are frequently incentivized to push policies through
quickly to gain immediate recognition, neglecting the
complexities of implementation. This short-sighted
approach often results in poorly planned execution
strategies that falter once organizational or political
attention shifts to other priorities. These issues are
amplified during crises, when overlapping disruptions
overwhelm institutions and policy focus becomes selective
and politicized, undermining coherence in implementation
(Zaki et al 2024). Furthermore, the absence of robust
accountability structures, such as mechanisms for
monitoring, evaluation, and enforcement, undermines
implementation and enables persistent inefficiencies,
thereby exacerbating the policy implementation gap
(Biesbroek 2021; Haddad et al 2022).

Temporal dynamics and implementation lags
Time lags represent another challenge. These lags arise from
the time required to establish institutional mechanisms,
build capacity, and allow actors to adapt to anticipated
changes (Di Maria et al 2012). Although often unavoidable,
such delays can undermine policy effectiveness by allowing
gaps between the policy’s goals and on-the-ground realities,
potentially leading to unintended consequences as actors
adjust their behaviors during the interim period (Di Maria
et al 2012). Moreover, policy impacts are often distributed
over time, with the effects becoming apparent only after
substantial delays, further complicating coordination and
decision-making (Bian et al 2021). These lags can destabilize
systems, erode community trust, and undermine policy
relevance.

Adaptive dimensions of policy implementation
Overall, policy implementation is not merely a matter of
translating goals into action, but a socially and
institutionally embedded process shaped by the interactions
of diverse actors, governance structures, resources, and
capacities, as well as the characteristics of the systems in
question (Sager and Gofen 2022). Implementation
challenges often emerge from misalignments between
institutional authority and responsibility, limited access to
credible or relevant information, and deeply held norms or
beliefs that shape how problems are understood and
addressed (Boehnke et al 2023). They can manifest at
multiple stages of the implementation process, ranging
from problem recognition and planning to execution and
evaluation. Importantly, many implementation challenges
are not fixed limits but rather contingent and malleable
constraints that can be addressed through iterative learning,
adaptive management, and collaboration (Moser and
Ekstrom 2010; Månsson et al 2023).

Materials and methods

This study employed a qualitative, multimethod approach,
applied sequentially, focusing on 2 data sources: periodic
review reports and qualitative interviews with BR representatives.
Periodic reviews are official self-assessments submitted by BRs to
UNESCO every 10 years to evaluate how the reserves meet the
goals of the MAB program. They provide data on BR activities,
including research, actor involvement, projects, and the
implementation of MAB strategies in general.
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We first identified BRs located in mountainous regions.
The World Network of Mountain Biosphere Reserves lists
474 such BRs (WNMBR n.d.). To refine this, we adopted the
global mountain classification of Grêt-Regamey and Weibel
(2020), which integrates elevation, climate, and major
mountain range data. Using this framework, we identified
19 major mountain systems worldwide and cross-referenced
them with the full BR list, narrowing our sample to 273 BRs
in clearly defined mountainous areas.

Although the UNESCO MAB program promotes
transparency and information sharing (UNESCO 2017),
periodic reviews are for the most part not publicly available.
Only 10 periodic reviews could be obtained from the
individual BR websites directly. To obtain further reports,
257 of the 273 identified mountain BRs were contacted via
email, with contact details obtained primarily from the
UNESCO MAB website and, where necessary, from the
websites of the respective BRs. Of these, 121 email addresses
were inactive. The remaining BRs were contacted with 3
follow-up emails, but only 8 responses were received. In the
end, we obtained periodic reviews from 18 mountain BRs in
Australia (1 BR), Austria (3), Canada (2), Germany (3), Italy
(1), Serbia (1), Slovenia (1), South Africa (1), Switzerland (1),
the United States (2), Ukraine (1), and Zimbabwe (1). All of
the reports obtained were available in English and dated
from 2010 to 2022.

The periodic reviews were deductively coded in
MAXQDA and analyzed using deductive qualitative content
analysis (Elo and Kyng€as 2008), guided by a coding
framework grounded in literature on SSIs. This approach
was selected to analyze the extent to which the Seville
Strategy and subsequent UNESCO MAB policy directives on
SSIs have been operationalized in mountain BRs. The SSI
literature provided a conceptual foundation for identifying
and categorizing the forms and characteristics of SSIs, such
as actor constellations, types of knowledge involved, and
degrees of participation (Enengel et al 2012; Pohl et al 2017;
Bergmann et al 2021; Kok et al 2021; Rogga and Zscheischler
2021; Zurba et al 2022), enabling a systematic description of
how interactions between science and society are realized in
practice (see Appendix S1, Supplemental material, https://doi.
org/10.1659/mrd.2025.00037.S1). This analysis of how SSIs
are enacted within the BRs provided the basis for examining
the institutional and contextual factors that shape their
implementation.

To contextualize the findings from the periodic reviews,
we conducted semistructured interviews with
representatives involved in the management and
governance of the mountain BRs whose periodic reviews we
had analyzed. We contacted all 18 BRs in our sample and
received positive responses from 14 individuals
representing 11 different BRs (Table 1). The roles of the
interviewees included BR directors, scientific/research
coordinators, department heads, and steering committee
chairs.

An interview guideline was developed based on
established literature on qualitative interviews (DiCicco-
Bloom and Crabtree 2006; Kallio et al 2016), informed by
the study’s conceptual focus, and structured to cover core
themes while allowing for open-ended exploration. We
tested it in a pilot interview with a representative of a BR
outside the main sample and refined it accordingly (Kallio

et al 2016). Prior and informed consent was obtained from
all participants in line with General Data Protection
Regulation requirements, ensuring participants were
informed about data use, storage, and their rights, with all
interviews anonymized and securely stored. Conducted via
Zoom and lasting 30–60 minutes, the interviews were
recorded with consent, transcribed verbatim, and
deductively coded in MAXQDA. The coding framework was
derived from the policy implementation literature outlined
under “Policy implementation gaps and challenges” above
(Moser and Ekstrom 2010; Chasek et al 2019; Hudson et al
2019; Biesbroek 2021; Ferraro and Failler 2024), with its
subsections informing the categorization of underlying
factors shaping implementation of the MAB policy on SSIs.
Analysis followed the same deductive qualitative content
analysis approach applied to the periodic reviews (Elo and
Kyng€as 2008).

Results

The coding of the 18 periodic reviews yielded 2530 entries
across 8 categories and 27 subcategories reflecting
dimensions of SSIs (breakdowns by subcategory are
presented in Table 2). The findings illustrate that SSIs were
predominantly concerned with ecology and monitoring,
with a strong focus on flora and fauna surveys and
conservation activities. Ecological issues represented the
majority of societal–scientific problems addressed, whereas
social, economic, and governance-related challenges
received comparatively little attention. Academic actors
were most prominent, followed by strategic case actors,
particularly politicians and public authorities, and BR
representatives, whereas local nonacademic actors played
only a marginal role. Scientific knowledge dominated as the
main input, with smaller contributions from practitioner
knowledge and other forms of local knowledge, including

TABLE 1 Overview of interviewees by geographical area.

Interviewee Geographical area

1 Southern Africa

2 Eastern Europe

3 Eastern Europe

4 Eastern Europe

5 Eastern Europe

6 Eastern Europe

7 North America

8 North America

9 North America

10 North America

11 Western Europe

12 Western Europe

13 Western Europe

14 Western Europe
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TABLE 2 Overview of SSIs reported in periodic reviews of 18 mountain BRs, showing coded references across 8 categories and 27 subcategories with short

descriptions of key patterns. Numbers in parentheses indicate total coded instances per subcategory. Categories reflect core SSI dimensions, based on relevant

literature and established frameworks (Enengel et al 2012; Pohl et al 2017; Rogga and Zscheischler 2021; Kok et al 2021; Bergmann et al 2021; Zurba et al 2022).

Category

Subcategories

(number of coded instances) Short description

Societal–scientific

problem

Ecological (337)
Social (114)
Economic (64)
Governance (25)

Most reported SSIs addressed ecological issues, especially
biodiversity monitoring, conservation, and climate impacts,
often tied to directives. Social aspects centered on
participation, identity, education, and cultural values, usually
linked to conservation or development. Economic topics
focused on tourism, ecosystem services, and regional
branding, whereas governance was least reported and mainly
related to management plans and regulations.

Actors Academic (319)
Strategic case (279)
Local (86)
BR representatives (81)

Academic actors dominated SSIs, largely through research
projects. Strategic case actors (governments,
nongovernmental organizations, businesses) featured mainly
as regulators or supporters, whereas BR administrations
mediated between research and practice. Local actors
(farmers, youth, community groups) were noted in awareness
and education but remained peripheral to research agendas.

Knowledge input Scientific (57)
Local, including Indigenous (38)
Practitioner (19)

Scientific knowledge was most frequently reported,
especially in ecological research and monitoring. Local and
Indigenous knowledge appeared in relation to traditions,
resource use, and cultural practices, whereas the expertise
of practitioners (eg farmers, rangers, craft workers) was
noted in SSIs on land management, forestry, and agriculture.

Form of research Contract (49)
Academic qualification (40)
Competitive (7)

SSIs were most often conducted through contract studies
tied to management or monitoring, alongside many academic
theses (most frequently BSc and MSc theses). Competitive
projects were rarer but connected BRs to broader
sustainability and climate networks.

Intensity of interaction Information (109)
Coproduction (37)
Consultation (26)

Most reported interactions were information-oriented, such
as surveys, exhibitions, excursions, and awareness events.
Coproduction (citizen science, workshops, joint planning)
was less frequent and often experimental, whereas
consultation through meetings or perception studies mainly
served data collection rather than joint decision-making.

Scale Local (116)
Microlevel (83)
International (72)
National (50)

Most SSIs took place at the local level, including monitoring,
education campaigns, surveys, and municipal partnerships.
Microlevel SSIs, in parts of BRs, included habitat studies and
species surveys. International projects connected BRs via
networks, comparative research, and cross-border
cooperation, whereas national initiatives often involved
thematic studies and collaborations with universities.

Duration Research projects (161)
Short-term (160)
Long-term relations (66)

Most SSIs were tied to research projects, running 2–5 years
through external funding. Others were linked to short-term
activities, such as contract studies, surveys, or one-off
workshops, typically lasting only months to 1 year. Long-term
relations were least common but included multidecade
monitoring schemes and institutional partnerships with
universities.

Knowledge output Systems (93)
Target (28)
Transformation (14)

Most SSIs resulted in systems knowledge, including
ecological baselines, monitoring data, and scientific
publications for conservation and management. Some
produced target knowledge, such as recommendations,
action plans, awareness campaigns, and guides. Very few
yielded transformation knowledge, linked to sustainability
transitions, governance innovations, and capacity-building.
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Indigenous. Where mentioned, local or Indigenous
knowledge was treated mainly as support for ecological
monitoring or conservation, rather than as an equal
knowledge system. Information on the form of research was
largely absent in the periodic reviews; where noted, it
mainly referred to contract research and academic
qualification work, with very little mention of competitive
project-based research. Overall, our coding suggests that
most SSIs took the form of one-way engagements.
Information-sharing activities, such as data collection
through surveys or semistructured interviews conducted by
researchers, as well as awareness-raising events (eg school
excursions), were much more frequent than knowledge
coproduction or consultation. Although rare, some
examples of more participatory approaches exist, such as
citizen science initiatives or participatory modeling
exercises, but these remain exceptions. SSIs were largely
reported in the context of short-term activities, such as
research projects, contract studies, or academic
qualification (eg student theses), rather than as part of long-
term collaborations and institutionalized relationships
between actors. In terms of scale, SSIs were most often
reported at the local level of the individual BRs, followed by
microlevel activities within specific parts of BRs.
Nevertheless, there were also national and international
collaborations, such as the Swiss-Ukrainian FORZA project
on sustainable forest management in the Carpathian region,
which involved local practitioners and authorities, and the
global HIGHLANDS.3 network coordinated by an Austrian
university, which links mountain BRs to international
sustainability research (Sarkki et al 2019; Universit€at Innsbruck
n.d.). Furthermore, a consistent pattern across the reports was
the absence of direct interaction between scientists and local
communities: instead, scientists primarily interacted with BR
representatives, whereas local communities were mostly
engaged by the BRs outside of SSIs.

Insights from the interviews reinforced these findings.
Most described SSIs as centered on biodiversity monitoring,
often with limited community involvement (Interviews 1–3,
6, 9–11, 13). Where local actors were engaged, participation
was often limited to passive roles (eg awareness-raising).
Although there were some examples of more participatory
approaches to SSIs, these were small-scale and time-bound,
often depending on specific projects or individuals (Interviews
4, 8, 12–14). Furthermore, the interviews highlighted significant
discrepancies in how the MAB program’s policy directives on
SSIs were implemented. Although the overarching goals related
to SSIs and community involvement were acknowledged,
implementation often faced substantial challenges.

Institutional arrangements and resource constraints
According to the interviewees, the perceived governance
structures of BRs significantly shaped how MAB policy
directives were interpreted and enacted. In some cases, the
institutional setup of a BR itself constrained implementation,
with direct implications for SSIs. One interviewee explained
that, as an employee of a ministry governing the BR, they were
required to operate strictly within the ministry’s legal mandate,
restricting collaboration with local actors and their inclusion in
research (Interview 6). Others reported institutional voids, due
to either administrative neglect or lack of capacity (Interviews
1, 9, 10). For one BR, the original board of directors dissolved

over time, and no formal management body was reestablished,
despite proposals and support from local organizations
(Interview 1). The interviewee attributed this partly to the
regional MAB office’s focus on developing a new BR in the
country, which sidelined revitalization efforts (Interview 1). As a
result, SSI activities were left unsupported, lacking both
coordination and institutional backing from the National
Committee and the MAB program. In another BR,
administrative fragmentation was reported as a challenge, as
the reserve spanned multiple jurisdictions; coordination of
research and actor engagement was complicated by
overlapping mandates and differing state-level priorities
(Interview 12). Furthermore, several interviewees described
unclear institutional responsibilities for coordinating BR
activities, which they felt weakened accountability for
implementing MABmandates and left SSI coordination largely
to individual actors or organizations (Interviews 1–3, 9, 10).

Conversely, some interviewees described their BRs as
being better embedded within national or regional institutional
frameworks, citing factors such as legal recognition, dedicated
management structures, or more stable funding. They reported
more structured approaches to SSIs, including long-standing
collaborations with universities, themed advisory groups, and
interactive projects codesigned with local actors (Interviews 7,
8, 12–14). In one case, flexible endowment resources supported
participatory initiatives, such as Indigenous-led restoration of
shellfish gardens that combined water quality testing with youth
programs, and a decade-long citizen-science sea-star–
monitoring project that culminated in public data-sharing; the
same funding also enabled twice-yearly regional science forums
on Indigenous territory (Interview 7). In another case, a
transdisciplinary initiative convened cross-sector advisory
groups to coproduce research questions and methods on
sustainable life quality and future scenarios, with the outcomes
later presented in a museum exhibition where residents
deliberated on these themes (Interview 14). Nevertheless,
according to these interviewees, their BRs still faced issues in
implementing SSIs, including difficulties in sustaining
relationships beyond the scope of individual projects and
challenges in engaging a wider cross section of local society.
One interviewee noted that, in their BR, the citizen-science
coordinator for a specific SSI initiative was project-funded;
when the term ended, associated volunteer engagement and
outputs lost institutional support, highlighting difficulties in
sustaining involvement and dissemination beyond the project
period (Interview 12).

Across nearly all sites, the lack of stable financial and
human resources to conduct SSIs emerged as a major
challenge. As one interviewee noted: “It’s a bit difficult to
get funding for these activities [SSIs], to be honest . . . maybe
UNESCO has an idea for that, for financing the research
activities that they wish to have in our programs” (Interview
11). The challenge of obtaining funding for research
activities is exacerbated by short-term funding cycles and
competitive research funding streams (Interviews 1, 4–6, 9–11).
A concrete example from one BR involves a 3-year knowledge-
transfer initiative aimed at improving practitioner uptake
through workshops, interviews, a dedicated website, and
practice briefs; despite positive interim outputs, the initiative
was discontinued when the grant ended, illustrating the fragility
of SSI projects built around fixed-term funding (Interview 13).
Furthermore, respondents noted that despite formal
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commitments to SSIs, implementation was constrained by
limited staff capacity, the need to prioritize other operational
demands, and the absence of dedicated roles to coordinate
actor engagement. As one interviewee put it: “It’s a lot easier to
care or to involve the people if you have 1 person that is
actually responsible for that” (Interview 12). Moreover, SSIs
often depended on existing university links, which were
frequently reliant on personal networks (Interviews 2, 3, 9, 10,
13). Several interviewees underscored that SSIs, especially those
involving knowledge coproduction (eg transdisciplinary
projects), require long-term investments in staff, training,
facilitation, and relationship-building, resources that are often
unavailable (Interviews 6, 8, 11–14). As one interviewee noted,
“In a 10-year period, you can maybe make 2, maximum 2, TD
[transdisciplinary] projects, true TD projects” (Interview 14),
highlighting how resource- and time-intensive such efforts are.

Although mentioned in only a few cases, interviewees
also pointed to challenges specific to mountain regions. The
remoteness and high costs of accessing some of the sites
made research logistically demanding and often transient,
discouraging long-term engagement and complicating
efforts to involve local actors (Interview 6). One interviewee
mentioned that their BR sought to counter this by providing
logistic support such as field cabins, equipment, and
volunteer coordination to enable research in mountainous
areas (Interview 7).

Engagement with MAB policy
Several interviewees described engagement with MAB
policies, including those on SSIs, as largely symbolic or
procedural, focused on fulfilling reporting requirements
(Interviews 4, 6, 8, 9, 12). Rather than serving as practical
tools for management, the Seville Strategy and Lima Action
Plan were frequently viewed as abstract and ambitious
guiding frameworks with limited relevance to day-to-day
decision-making. Respondents emphasized that locally
developed strategies, more attuned to regional needs and
actor priorities, were often prioritized over MAB directives.
In some cases, MAB policy engagement was instead framed
within broader agendas, such as the Sustainable Development
Goals, to align with national priorities and facilitate tapping
of funding opportunities (Interviews 2, 3, 8, 11). Underlying
these dynamics was a recurring sense that global MAB
policies were disconnected from local realities and offered
little concrete support for advancing SSIs on the ground:
“You’ve got a massive Western Europe–centered global
bureaucracy that you’re supposed to be connected to, and
there are obviously lots of tensions there. In some cases,
things seem, at best, just like a kind of a funny disconnect,
and at worst, like blatantly at odds” (Interview 7).

However, other interviewees stressed that the generality
of these frameworks can be enabling, because UNESCO
guidelines are considered “not that strict,” leaving room for
interpretation and allowing SSI priorities to be negotiated
with regional actors (Interview 13). Directives were understood
as broad cues, from which the BR selectively drew elements
most relevant to local realities (Interview 12). A further account
described the BR designation as an “open-sky laboratory,”
where SSIs could be advanced through coproduced place-based
solutions, with broader agendas serving as loose guides rather
than strict templates (Interview 8).

Community trust and legitimacy
Some BRs, as well as the MAB directives, have at times been
met with skepticism or resistance, being perceived as “top-
down” international frameworks (Interviews 1, 4–7, 12, 13).
As one respondent explained: “It was also seen as a threat.
We already have [name of the national park] and then all
the private organizations which are working in the region,
and no one wants this extra layer of management. So, it
wasn’t very well received” (Interview 1). The results show
that BR representatives perceived local communities as at
times viewing MAB initiatives and associated activities with
caution, questioning their legitimacy, relevance, or added
value. In some cases, this resistance reflected a deeper
concern about jurisdiction and autonomy; as one example
illustrates, a First Nation refused to have a part of their
territory included in a BR, rejecting what they described as
“another non-Indigenous, not-from-here designation”
(Interview 7). Several interviewees pointed out that
overcoming these challenges requires more than policy
alignment; it demands trust, time, and sustained
relationship-building (Interviews 4, 5, 7, 8, 14).

Discussion and conclusions

The findings of this study strongly resonate with insights
from the policy implementation literature, which emphasize
the complex, nonlinear, and contingent nature of
translating policy ambitions into practice (Hudson et al
2019; Osmani et al 2022; Ferraro and Failler 2024). In the
context of the UNESCO MAB program’s vision for SSIs in
mountain BRs, the results underscore the persistence of a
policy implementation gap. Although MAB policy directives
promote participatory knowledge production and
engagement with local actors, in practice, SSIs remain
predominantly unidirectional and oriented toward expert-
driven data collection, with limited local-actor involvement.
This pattern is not unique to our sample. A recent synthesis
of BR research found that of 3304 publications since 1975,
only 336 explicitly adopted transdisciplinary approaches,
with participation mostly consultative rather than
coproductive (Dabard et al 2024).

A key challenge is the mismatch between policy ambition
and practical feasibility (Hudson et al 2019). Most BR
representatives saw MAB directives as abstract, overly
ambitious, and lacking operational value. This highlights
how policies are often designed with overly optimistic
assumptions about implementation, underestimating
institutional complexity and local constraints (Hudson et al
2019; Haddad et al 2022). The generic, top-down nature of
global MAB policies does not always reflect the localized
social and institutional realities within which BRs operate,
contributing to implementation inconsistencies (Hill and
Hupe 2021; Sala et al 2024). This echoes broader critiques of
international sustainability policies becoming decoupled
from local governance processes and instead functioning as
administrative obligations with limited transformative
effect (Biesbroek 2021; Haddad et al 2022).

Resource and capacity constraints were among the most
frequently cited challenges by BR representatives, aligning
closely with findings in the literature (Chasek et al 2019; Lee
2024). Despite widespread recognition of the value of SSIs,
especially more collaborative forms, many BRs lack the
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stable financial and human resources required for their
implementation. Interviewees emphasized the difficulty of
securing long-term funding as well as the shortage of
trained personnel to facilitate SSIs. These findings suggest
that shifting responsibilities to local actors without
adequate support, whether in terms of capacity, expertise,
or coordination, can undermine implementation and lead
to institutional hollowing out (Bevir 2022). In mountain
regions, these resource limitations can be further
compounded by remoteness and high logistic costs, which
discourage sustained engagement and complicate efforts to
involve local actors.

Capacity issues were often compounded by fragmented
and weak institutional arrangements. As the analysis
illustrates, BR management structures vary considerably,
ranging from voluntary initiatives led by nongovernmental
organizations to public agencies embedded in government
hierarchies. Polycentric governance settings frequently led
to overlapping mandates, ambiguous accountability, and
coordination challenges, resulting in ad hoc
implementation practices and limited engagement with
MAB policies (Hudson et al 2019; Thiel et al 2019; Biesbroek
2021). In some contexts, even basic administrative
infrastructure to support SSIs was absent, leaving BR
managers to navigate conflicting institutional priorities with
little guidance or support. Moreover, reliance on short-term
projects, rather than institutionalized structures, makes
implementation fragile and person-dependent (Allen et al
2021; Papamichail et al 2023).

Institutional setup and support also varied across
regions. Mountain BRs in Western Europe stood out as
comparatively better resourced and more likely to have
dedicated research or scientific coordination roles,
facilitating more consistent and structured forms of SSIs.
Interviewees from this region described long-standing
collaborations with universities and efforts to coproduce
projects with local actors. Although challenges persist, their
institutional foundations generally support more consistent
engagement and structured implementation practices (Zhan
and Santos-Paulino 2021). In contrast, BRs in Eastern
Europe were less well-resourced and often lacked dedicated
staff or clear mandates, resulting in limited capacity to
implement participatory research. MAB policies, in these
cases, were often treated as aspirational rather than
actionable, with BR managers lacking the authority or
support to operationalize them effectively. Similar
challenges were also observed in a North American BR and
the Southern African BR from the sample, both of which
reported institutional neglect and the absence of stable
mechanisms for coordination. Hence, implementation
outcomes are shaped not only by the clarity of international
policy frameworks, but also by their alignment with
domestic legal and administrative systems (Sager and Gofen
2022; Månsson et al 2023).

Time lags were another challenge to implementing MAB
directives on SSIs. Although BR representatives expressed
support for participatory approaches, they emphasized that
building trust, capacity, and collaborative relationships
takes time, often exceeding the scope of project funding or
political cycles. These challenges are compounded by a
reliance on specific individuals to drive more participatory
forms of SSIs, making initiatives vulnerable to staff turnover

and shifting priorities. More fundamentally, the findings
point to a structural time lag in the institutional adaptation
of BRs. Many appear to still be in the slow process of
transitioning from their original, pre-Seville strategy role,
focused primarily on conservation and ecological
monitoring, toward the expanded MAB vision of BRs as
model regions for knowledge coproduction and
sustainability transformations. Delays in adaptation and the
slow emergence of policy impacts can erode trust and
credibility, reducing the perceived relevance and
transformative potential of MAB SSI directives (Di Maria
et al 2012; Bian et al 2021).

Last, questions of legitimacy also hindered
implementation. Several BR representatives noted that local
communities and institutional actors were skeptical of the
MAB framework, viewing it as a top-down imposition
disconnected from regional needs. This illustrates that
implementation is not only a technical or administrative
matter but also hinges on the cultural and political
resonance of policies. Local interest, ownership, and
willingness to collaborate are key determinants of successful
policy implementation (Dupuits et al 2022; Hui and Smith
2022). Building trust requires more than consultation or
participation; it necessitates sustained, reciprocal
relationships and shared decision-making. Without these,
even well-designed policies may fail to gain traction or may
be selectively adopted in ways that diverge from their
original intent.

Despite these challenges, the results also highlight
considerable potential. Some mountain BRs reported SSI
initiatives that were interactive and participatory, ranging
from Indigenous-led research and citizen-science
monitoring to transdisciplinary projects that engaged
diverse local actors and institutions. These examples
demonstrate that, when conditions such as stable funding,
trust, and supportive governance are in place, BRs can
foster sustained forms of coproduction. Importantly, several
representatives also noted that the generality of MAB
directives can be enabling, as it provides orientation and
legitimacy while leaving flexibility to adapt SSI principles to
local realities and priorities.

For the MAB program to realize its vision of BRs as
model regions for sustainability transformation in
mountain regions and beyond, a shift is needed from
prescriptive policy frameworks toward more enabling,
context-sensitive approaches to SSIs. This includes
strengthening institutional capacity at the local level,
coproducing policy directives with implementers and
communities, and investing in long-term forms of
engagement that foster trust, continuity, and accountability.
Embedding dedicated SSI coordination roles, expanding
capacity-building initiatives in participatory methods and
knowledge coproduction, and facilitating peer learning
across BRs can support more consistent implementation
and help address regional disparities. At the same time,
advancing BRs as effective knowledge–action networks
requires more durable support for coordinated
infrastructure of collaboration and data exchange, as
current efforts have been constrained by fragmented
research infrastructure and an emphasis on site designation
over sustained scientific networking (Barraclough et al
2023). Monitoring mechanisms also require rethinking. The
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10-year periodic reviews, although central to MAB
governance, tend to encourage procedural compliance
more than meaningful reflection (Ferreira et al 2018), thus
offering limited insight into the evolving dimensions of SSIs.
More flexible, regular tools that capture the nature of
collaboration, continuity of engagement, and diversity of
knowledge systems would be better suited to support
adaptive learning. In this vein, some BRs and networks are
piloting complementary self-assessments and peer learning
between periodic review cycles (Matar and Anthony 2022).

Mountain BRs are particularly well positioned to lead
advancements in SSIs, given their exposure to pressing
socioecological challenges and their long-standing traditions of
place-based knowledge and stewardship (Otero et al 2020; Mason
et al 2022; Wyss et al 2022). Their embeddedness in culturally
diverse and ecologically sensitive, yet threatened, landscapes
offers unique opportunities to pilot participatory approaches
that should be both innovative and grounded. Furthermore, the
relatively newWorld Network of Mountain Biosphere Reserves
offers a platform to scale out such efforts by providing a
knowledge platform and facilitating experimentation, thoughtful
policy transfer, research support, and (peer) learning across
mountainous BRs globally (UNESCO 2023; K€ock et al 2025;
WNMBR n.d.). Taken together, these features position mountain
BRs as key arenas for testing and refining participatory SSI
approaches, generating insights that can inform sustainability
transformations beyond mountain regions.

A critical prerequisite, however, is stable funding. BRs
require resources for both short- and long-term research to
effectively engage in SSIs and to act as knowledge brokers.
Research funding frameworks need to acknowledge this
role, ensuring that BRs are recognized and supported as full
partners in research programs, with adequate resources for
SSI facilitation and transdisciplinary collaborations. At
present, UNESCO MAB strategies and policies can appear
somewhat detached from the realities on the ground.
Without more concrete support for BRs, it may be more
realistic to adjust high-level policies and expectations to
better align with BR practices and constraints they face in
their daily work. Otherwise, policy aspirations and everyday
realities in BRs risk drifting further apart, making UNESCO
goals increasingly sophisticated but elusive. This disconnect
might be a call for a stronger representation of BRs and
local-level perspectives in high-level policy, alongside
meaningful cross-scale interaction and feedback. If this gap
continues to grow, UNESCO MAB policies may become
more sophisticated on paper but even less relevant in
practice, resulting in vague implementation and monitoring
outcomes and, ultimately, a weakening of the role of BRs
themselves, as they become detached from the umbrella
policy framework.

Finally, although this study offers indicative insights into
the implementation of UNESCO MAB directives on SSIs in
mountain BRs, it draws on periodic review reports from 18
BRs and interviews with representatives from 11 of them, a
small share of the global network. Given the predominance
of European and North American BRs in the sample, the
findings should be interpreted as illustrative of broader
tendencies in these regions rather than representative of all
BRs worldwide. Moreover, periodic reviews, though
standardized and longitudinal, are difficult to obtain and
vary considerably in depth and quality. Strengthening

validity and better capturing lived experiences requires
follow-up studies that combine data from periodic reviews
and BR manager perspectives with interviews involving local
communities, Indigenous knowledge holders, and
practitioners.
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