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Assessing Climate Change in Protected Areas Through
Multi-, Inter-, and Transdisciplinary Approaches

Abstract

Protected areas (PAs) are crucial for climate change mitigation and adaptation, but face increasing climate-
induced ecological and socio-economic pressures. Tourism, particularly nature-based tourism, plays a central
role in shaping pressures, revenues, and local livelihoods in PAs, yet remains only marginally integrated into
transdisciplinary climate research. Addressing these challenges requires integrating natural and social sciences
through multi-, inter-, and transdisciplinary frameworks. This study, developed within the PACT-VIRA project,
systematically reviews 136 peer-reviewed studies (2010-2025) to identify patterns, synergies, and gaps in the ap-
plication of integrative approaches to PA climate change research. Findings reveal a shift from multi- to inter- and
transdisciplinary research; however, tourism remains underrepresented, especially in co-produced, stakeholder-
driven frameworks. The proposed framework emphasises methodological integration, stakeholder and tourism
engagement, and advancing transdisciplinary collaboration to develop actionable, context-sensitive adaptation
strategies that strengthen ecosystem resilience and sustainable PA management under changing climates.

Keywords: protected areas, climate change, transdisciplinary research, interdisciplinary research, tourism
integration

1. Introduction

Protected areas (PAs) support climate mitigation and ecosystem resilience (Melillo et al., 2016; Xu et al.,
2017; Duncanson et al., 2023) but face growing risks from climate pressures, including temperature increases,
altered precipitation, and extreme events (Bruno et al., 2018; Marcos et al., 2021; Agulles et al., 2022). These
challenges complicate the balance between conservation, tourism, and community benefits (Belsoy et al.,
2012), highlighting the need for integrative approaches. Despite its significance, tourism, including nature-
based tourism (NBT), remains insufficiently incorporated into interdisciplinary and transdisciplinary climate
assessments, even though it constitutes a key socio-economic driver, a source of ecological pressure, and an
important contributor to community resilience (Lindberg et al., 2021).

A transdisciplinary framework, integrating climate science, ecology, hydrology, conservation biology, tour-
ism studies, and socio-economic analysis, among others, is necessary to capture the full spectrum of climate
impacts and identify actionable adaptation strategies (Michailidou et al., 2016; Arabadzhyan et al., 2021).
Interdisciplinary integration translates climate projections into operational management tools that inform
decision-making in real-world contexts (Rannow et al., 2014; Njoroge, 2015). The limited integration of
tourism perspectives restricts the ability of climate research to fully capture human-environment interactions
and to develop adaptation strategies that reflect real management challenges in PAs (Lehikoinen et al., 2021).

Thus, this short communication presents a preliminary framework developed within the PACT-VIRA project
(Markovi¢ Vukadin et al., 2025), with the main aim of identifying patterns, methodological synergies, and
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gaps in the use of multi-, inter-, and transdisciplinary approaches for assessing climate change impacts in PAs,
with a focus on the underrepresentation of tourism dimensions by using systematic review. To provide a clearer
analytical structure and to address the gaps identified in previous studies, this short communication is guided
by the following research questions:

RQ1:To what extent do existing studies on climate change in protected areas apply multi-,
inter-, and transdisciplinary approaches?

RQ2: How, and to what degree, is tourism—especially nature-based tourism—integrated
within these approaches?

RQ3: What key components should a preliminary transdisciplinary framework include to
enhance climate change assessment and adaptive management in protected areas?

2. Rationale for a multi-, inter-, and transdisciplinary
approaches

PAs support biodiversity and key ecosystem functions yet face growing climate-related ecological and socio-
economic pressures (Bruno etal., 2018). Responding to these challenges requires distinguishing multi-, inter-,
and transdisciplinary approaches (Alvargonzdlez, 2011; Zabaniotou et al., 2020) (Tab. 1).

Table 1
Defining multi-, inter-, and transdisciplinarity
Dimension Multidisciplinary Interdisciplinary Transdisciplinary
Collaboration between Integration of concepts, Co-creation of knowledge
Definition disciplines addressing a methods, and theories across beyond academia, involving
common topic; each remains disciplines to develop a unified | researchers and non-academic
within disciplinary boundaries | understanding stakeholders
Knowledge integration | Low Moderate to high Very high
Research focus Parallel contributions Holistic system understanding | Transformative problem-solving
- . . - Academics, policymakers,
Participants Academics Academics across disciplines communities, practitioners
Broader perspective, Practical solutions, social
Outcome fragmented understanding Coherent framework innovation, mutual learning

Source: authors adapted from: Stock & Burton, 2011; Zabaniotou et al., 2020.

Traditional ecological or climate-focused approaches alone cannot fully capture human-environment inter-
actions in PAs. Integrating natural sciences with social sciences (tourism, governance, economics) enables a
holistic assessment of vulnerability and resilience (Rannow et al., 2014; Intergovernmental Panel on Climate
Change [IPCC], 2019). Socio-economic integration and stakeholder participation further strengthen the
legitimacy and adaptive capacity, particularly in NBT contexts (Scott et al., 2012).

Transdisciplinary approaches address key challenges in PA climate change research, including the need to
integrate diverse datasets (e.g., climate projections, ecological trends, tourism metrics) (Yasmeen et al., 2024),
combine quantitative and qualitative methods to capture both biophysical and social dimensions of change
(Scott et al., 2012), and develop adaptation strategies that are scalable and tailored to local ecological and
community contexts (Sun et al., 2024; Volgger & Pechlaner, 2014).

3. Methodology

A systematic literature review guided by PRISMA was conducted to assess the integration of multi-, inter-,
and transdisciplinary approaches in climate change research on PAs. The Web of Science database was
searched for English-language, peer-reviewed articles (2010-2025) using: ("climate change" OR "climate
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variability” OR "climate vulnerability” OR "climate resilience”) AND ("protected area*" OR "national
park*" OR "marine reserve*" OR "nature-based tourism" OR "eco-tourism") AND ("multidisciplin*" OR
"interdisciplin*" OR "transdisciplin*" OR "integrated approach*" OR "co-production” OR "participatory
research").

A comprehensive literature search was undertaken to identify studies addressing the impacts of climate change
on PAs, with a focus on integrative and cross-disciplinary approaches. Studies limited to a single disciplinary
perspective were excluded to ensure the inclusion of research that incorporated ecological, social, and policy
dimensions. The preliminary search yielded 648 records, and 31 non-scientific or non-English entries were
removed (Fig. 1). 617 titles were screened, retaining only studies addressing at least two core themes: climate
change, conservation, PAs, NBT, management, or resilience, which resulted in 264 exclusions. The remaining
363 abstracts were assessed, and 163 studies were excluded for being single-disciplined or lacking accessible
full texts. 190 articles proceeded to full-text review, during which 54 studies were removed, primarily because
they were review papers rather than original research. In total, 136 studies were included in the final synthesis.
Abstracts and full papers, with a focus on methods sections, were then independently assessed by all authors.
To characterize how studies integrated multiple disciplines, each article was categorized as multi-, inter-, or
transdisciplinary based on explicit criteria (Fig. 1). Multidisciplinary studies involved parallel disciplinary
contributions that retained separate concepts and methods, whereas interdisciplinary studies integrated
theories, concepts, data, or methods from two or more disciplines into a shared analytical or methodological
framework. Transdisciplinary studies went beyond academic collaboration by actively involving non-academic
stakeholders (e.g., PA managers, policymakers, local communities) in problem framing, knowledge production,
and results interpretation with an emphasis on co-producing actionable solutions. Each study was assigned
to the category chosen by the majority of reviewers, and these assignments were used to calculate the final
counts for each category.

Figure 1
PRISMA flow chart
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The extracted variables included: year, geography, PA type, integrative approach, disciplinary combinations,
and methods used, as well as tourism integration in research. Quantitative and qualitative analyses were used
to identify trends, gaps, and methodological patterns in integrative research. This review was limited by po-
tential publication bias, language restrictions (English-only sources), and the possibility of omitting relevant
grey literature or unpublished studies, which may have constrained the comprehensiveness of the findings.

4, Results and discussion

In response to RQ1, the PRISMA-guided review and expert evaluation of 136 peer-reviewed papers reveal a
growing shift from multidisciplinary toward inter- and transdisciplinary approaches in PA climate change research.
Among these, 21 studies were identified as adopting a multidisciplinary approach, 69 as interdisciplinary, and 37
as transdisciplinary in scope. However, within the subset of papers only 15 approx. 11% explicitly focused on
NBT, only 4 demonstrated a predominantly multidisciplinary design, 6 applied an interdisciplinary framework,
and 5 employed a transdisciplinary orientation. This distribution indicates that tourism studies remain mark-
edly underrepresented in holistic research efforts addressing the impacts of climate change on PAs. The limited
integration of tourism perspectives, particularly in transdisciplinary contexts, suggests that the sector’s potential
contributions to co-produced climate adaptation knowledge and practice remain insufficiently explored.

The reviewed literature demonstrates a marked evolution from multi- toward inter- and transdisciplinary ap-
proaches in socio-ecological and environmental research, reflecting the growing complexity of climate change,
biodiversity loss, and human—environment interactions. Across this continuum of integration, disciplines
from the natural sciences (ecology, hydrology, climatology, forestry, geomorphology) frequently intersect
with those from the social sciences and humanities (sociology, economics, anthropology, governance stud-
ies), producing increasingly holistic frameworks for addressing environmental and conservation challenges
(Heinrich et al., 2018).

4.1. Integration patterns and methodological synergies

Research on climate change in PAs increasingly relies on multi-, inter-, and transdisciplinary approaches to
address the complex interactions between ecological systems, human communities, and governance structures.
These approaches vary in depth of integration, ranging from multidisciplinary analyses, where disciplinary
contributions are largely parallel, to transdisciplinary studies, which co-produce knowledge with stakeholders
and inform context-specific adaptation strategies (Cumming et al., 2023; Rivers et al., 2023).

Natural science disciplines form the foundation for multi- and interdisciplinary studies assessing climate
impacts using field observations, remote sensing, GIS, and phenological and dendroecological data (Klos-
terman et al., 2018; Richardson, 2023). Integrating these methods with climate modelling and hydrological
scenarios helps evaluate species distributions, habitat vulnerability, and quantification of climate-driven risks
to biodiversity and ecosystem services, forming the basis for informed conservation planning (Symstad et
al., 2017; Blondin et al., 2022).

Social science disciplines capture the human dimensions of climate change impacts through surveys, interviews,
participatory mapping, and the integration of local and Indigenous knowledge (Cradock-Henry et al., 2021;
Go6mez-Ruiz et al., 2022). Interdisciplinary studies link these insights with ecological data to understand
tourism dynamics, community resilience, and adaptation strategies, with multidisciplinary approaches still
dominant in isolated PAs and interdisciplinary frameworks increasingly applied in marine protected areas
and rural contexts (Yeboah-Assiamah et al., 2018; Petrisor et al., 2020; Yang et al., 2025).

Transdisciplinary studies extend this integration by engaging stakeholders, policymakers, and local communi-
ties in the co-production of knowledge, scenario planning, and governance processes, and are mostly in place
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in suburban PAs or those with a high density of tourism and population. Examples include participatory

restoration and co-management initiatives in marine and terrestrial PAs (Rivers et al., 2023; Gémez-Ruiz et
al., 2022).

Analytical and computational methods, including ecological and climate modelling, GIS, and remote sens-
ing, are central for assessing habitat vulnerability, biodiversity shifts, and integrating socio-economic data to
inform adaptive management and climate resilience in PAs (Tab. 2) (Miller et al., 2017; Olivares-Aguilar et

al., 2022; Lépez-Juambeltz et al., 2020; Vieira et al., 2021).

Table 2

Overview of main features of multi-, inter- and transdisciplinary studies

Approach

Core disciplines

Methods/ techniques

Climate change integration in PAs

Examples

Multidisciplinary

Natural sciences
(Ecology, Forestry,
Hydrology, Climatology)

Field surveys,
dendroecology, and
remote sensing

Identifies biophysical impacts;
limited socio-economic or
participatory integration

Benito et al., 2022;
Vieira et al, 2021

Interdisciplinary

Natural sciences + Social
sciences (Anthropology,
Economics, Planning)

Field surveys,
participatory mapping,
GIS, scenario modelling

Links ecosystem vulnerability with
community adaptation and tourism
impacts

Miller et al., 2017; Yang
etal., 2025

Transdisciplinary

Ecology + Social
sciences + Stakeholders'
involvement

Participatory restoration,
co-management, policy
engagement

Co-produces actionable climate
adaptation strategies; integrates
ecological, social, and governance

Gbémez-Ruiz et
al.,, 2022; Rivers et
al., 2023; Yeboah-

insights Assiamah et al., 2018

Source: Authors’ synthesis based on the reviewed literature.

4.2. Tourism integration within climate and conservation research

Aligned with RQ2, tourism emerges as significantly underrepresented in climate-PA research, despite its
central influence on ecological pressures, visitor dynamics, and community livelihoods. Existing studies tend
to focus on tourism only indirectly (Rivers et al., 2023), primarily through ecosystem services valuation, visi-
tor pressures, or socio-economic vulnerability, while comprehensive analyses linking tourism dynamics with
climate modelling, governance processes, and stakeholder co-production remain extremely rare (Lehikoinen
et al., 2021). This underrepresentation is problematic because tourism directly influences ecological stress,
financial sustainability, and local community livelihoods, making its omission a significant gap in efforts to
develop integrated climate adaptation strategies for PAs.

Tourism research is underrepresented in explicitly transdisciplinary frameworks, though it appears consis-
tently in interdisciplinary contexts, particularly in studies of marine and coastal socio-ecological systems.
Tourism commonly intersects with ecology, economics, and social sciences in evaluating ecosystem services,
livelihood impacts, and stakeholder perceptions. However, few studies integrate tourism data with ecological
modelling or policy co-production processes (Booth et al., 2022; Gatti & Brownlee, 2024; Dube & Nhamo,
2020). This partial integration limits tourism’s contribution to broader resilience and adaptation agendas.
Strengthening the linkage between tourism geography, climate modelling, and governance studies could help
mainstream tourism within socio-ecological resilience frameworks. Doing so would enhance the capacity to
assess tourism’s role in both mitigating and adapting to climate change impacts within PAs (Miller et al.,
2017; Gémez-Ruiz et al., 2022). Strengthening tourism integration within multi-, inter-, and transdisciplinary
approaches is therefore essential for building a more complete socio-ecological understanding of climate risks
and resilience in protected areas.

4.3. Integrating diverse disciplinary knowledge in protected areas

To address RQ3, insights from the reviewed literature and the PACT-VIRA project highlight the essential
components of a transdisciplinary framework capable of capturing the complexity of climate impacts and
informing adaptive PA management.
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The PACT-VIRA methodology exemplifies this approach by combining expertise from climatology, hydrol-
ogy, ecology, biology, tourism studies, economics, geography, and local knowledge to co-produce actionable
insights for adaptive management (Markovi¢ Vukadin et al., 2025). Climatology and hydrology provide critical
data on climate elements, water availability, and hydrological vulnerabilities crucial for modelling ecosystem
responses and climate risk scenarios. Ecology and biology assess species distributions, habitat sensitivity, and
biodiversity impacts. Tourism studies evaluate visitor behaviour and socio-ecological trade-offs, while econom-
ics and geography contribute spatially explicit socio-economic assessments, ecosystem and mapping services
under changing climatic conditions. Local and Indigenous knowledge ensures contextual relevance, capturing
community perceptions, traditional practices, and adaptive strategies not evident in scientific data. Integrat-
ing these diverse knowledge domains through iterative, participatory processes enables the co-production of
climate adaptation strategies that are scientifically robust, socially acceptable, and practically implementable.
Applying such frameworks enhances resilience assessment and increase methodological impartiality and
minimises potential biases in data selection and interpretation.

Building on the synthesis of 136 studies and the methodological experience of the PACT-VIRA project, we
explicitly outline a preliminary transdisciplinary framework designed to guide integrative climate research in
protected areas. The framework (Figure 2) consists of three core pillars and three integrative processes, reflect-
ing the main pathways through which disciplinary knowledge and stakeholder input are combined. Pillar 1
includes climatology, hydrology, ecology, and geomorphology, which provide baseline information on climate
trends, ecosystem sensitivity, and biophysical thresholds relevant to PA management. Pillar 2 encompasses
sociology, anthropology, economics, governance, and tourism studies. It captures human—environment in-
teractions, livelihood dependencies, visitor dynamics, and institutional contexts. Last pillar (3) includes PA

managers, local communities, tourism operators, NGOs, and policy actors. Their practical knowledge and
value priorities shape feasible adaptation options.

Figure 2
Preliminary transdisciplinary framework for assessing climate change impacts in protected areas
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Across these pillars, the framework operates through three key integrative processes:

1. Knowledge integration, where ecological and climatic data are aligned with socio-economic indicators
and tourism-related information to generate a shared understanding of vulnerabilities and trade-offs.

2. Co-production of adaptation pathways, involving iterative dialogue between scientists and stakehold-
ers to define risks, priorities, and feasible management interventions.

3. Feedback and learning cycles, where scenario testing, monitoring results, and stakeholder feedback
continuously refine adaptation strategies and governance arrangements.

Together, these components create an operational structure for transdisciplinary climate research in PAs,
ensuring that assessments are scientifically robust, socially grounded, and management oriented.

5. Conclusion and future research directions

This short communication responds to the three guiding research questions. In relation to RQ1, the review
shows growing but uneven adoption of multi-, inter-, and transdisciplinary approaches, with fully co-produced
transdisciplinary studies remaining limited. Addressing RQ2, the analysis confirms that tourism is insuffi-
ciently integrated into climate—PA research despite its central role in shaping ecological pressures, revenues,
and community livelihoods. In response to RQ3, we propose a preliminary transdisciplinary framework that
integrates natural and social sciences with stakeholder knowledge, offering a pathway for more actionable and
inclusive climate adaptation strategies. Strengthening these dimensions is essential for advancing effective,
tourism-informed climate planning in protected areas.

Despite the growing adoption of multi-, inter-, and transdisciplinary approaches, critical gaps remain.
Transdisciplinary approaches offer the greatest potential for actionable climate adaptation, yet fully
co-produced studies remain rare. Many efforts are confined to interdisciplinary frameworks that link
ecological and social data but lack stakeholder or policy engagement in iterative scenario development,
limiting practical applicability (Cumming et al., 2023; Rivers et al., 2023). Fully transdisciplinary imple-
mentation is especially limited in studies incorporating tourism, stakeholder co-production, and iterative
governance processes.

Key research gaps include insufhicient integration of ecological, climatic, and socio-economic data, limited
participatory approaches, and the underrepresentation of tourism in socio-ecological resilience planning.
Future research should prioritise methodological innovation, expand transdisciplinary collaboration, and
embed tourism within adaptive frameworks to enhance PA management, support sustainable NBT, and
strengthen ecosystem resilience under climate change. For PA managers and tourism stakeholders, the frame-
work recommends integrating climate, ecological, and tourism monitoring; linking tourism data with climate
indicators to anticipate impacts; applying adaptive visitor management; and co-producing adaptation plans
with communities, operators, and NGOs.
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