
Ecosystems and People

ISSN: 2639-5916 (Online) Journal homepage: www.tandfonline.com/journals/tbsm22

Rethinking scenario building for sustainable
futures: mobilizing conscientização, social
learning and knowledge co-production

Danilo Borja, Jan Daněk, Julia C. Assis, Antonella Gorosábel, Carolyn
Lundquist, Isabel Rosa, Fabio Rubio Scarano, Nino Tavares Amazonas, Silas
C. Principe, Rob Alkemade, Adnan Arshad, Sandra Benavides-Gordillo, Rafael
Cavalcanti Lembi, Tássia Rayane Ferreira Chagas, Diana Isabel Clavijo Rojas,
Lara Cornejo-Denman, Viviane Dib, Simon Ferrier, Edberto Moura Lima,
Luis Filipe Lopes, Matheus Camargo Silva Mancini, Juan Andrés Martínez-
Lanfranco, Wladimir Moya, Julia Niemeyer, Unai Pascual, Alice Ramos de
Moraes, Mercy Funke Salami, Carla Rivera Rebella, Fábio H. C. Sanches,
Priyanka Sarkar, Juliana Siqueira-Gay, Raísa Romênia Silva Vieira, Catalina
Zuluaga Rodríguez, Carlos Alfredo Joly & Rafael C. Borges

To cite this article: Danilo Borja, Jan Daněk, Julia C. Assis, Antonella Gorosábel, Carolyn
Lundquist, Isabel Rosa, Fabio Rubio Scarano, Nino Tavares Amazonas, Silas C. Principe, Rob
Alkemade, Adnan Arshad, Sandra Benavides-Gordillo, Rafael Cavalcanti Lembi, Tássia Rayane
Ferreira Chagas, Diana Isabel Clavijo Rojas, Lara Cornejo-Denman, Viviane Dib, Simon Ferrier,
Edberto Moura Lima, Luis Filipe Lopes, Matheus Camargo Silva Mancini, Juan Andrés Martínez-
Lanfranco, Wladimir Moya, Julia Niemeyer, Unai Pascual, Alice Ramos de Moraes, Mercy
Funke Salami, Carla Rivera Rebella, Fábio H. C. Sanches, Priyanka Sarkar, Juliana Siqueira-
Gay, Raísa Romênia Silva Vieira, Catalina Zuluaga Rodríguez, Carlos Alfredo Joly & Rafael C.
Borges (2025) Rethinking scenario building for sustainable futures: mobilizing conscientização,
social learning and knowledge co-production, Ecosystems and People, 21:1, 2507247, DOI:
10.1080/26395916.2025.2507247

To link to this article:  https://doi.org/10.1080/26395916.2025.2507247

© 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material 

Published online: 23 Jun 2025.

Submit your article to this journal 

https://www.tandfonline.com/journals/tbsm22?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/26395916.2025.2507247
https://doi.org/10.1080/26395916.2025.2507247
https://www.tandfonline.com/doi/suppl/10.1080/26395916.2025.2507247
https://www.tandfonline.com/doi/suppl/10.1080/26395916.2025.2507247
https://www.tandfonline.com/action/authorSubmission?journalCode=tbsm22&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tbsm22&show=instructions&src=pdf


Article views: 3310

View related articles 

View Crossmark data

Citing articles: 4 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tbsm22

https://www.tandfonline.com/doi/mlt/10.1080/26395916.2025.2507247?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/26395916.2025.2507247?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/26395916.2025.2507247&domain=pdf&date_stamp=23%20Jun%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/26395916.2025.2507247&domain=pdf&date_stamp=23%20Jun%202025
https://www.tandfonline.com/doi/citedby/10.1080/26395916.2025.2507247?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/26395916.2025.2507247?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=tbsm22


RESEARCH

Rethinking scenario building for sustainable futures: mobilizing 
conscientização, social learning and knowledge co-production
Danilo Borja a*, Jan Daněk b,c*, Julia C. Assis d,e*, Antonella Gorosábel f*‡, Carolyn Lundquistg,h, 
Isabel Rosai, Fabio Rubio Scaranoj,k, Nino Tavares Amazonasl, Silas C. Principem, Rob Alkemade n,o, 
Adnan Arshadp,q, Sandra Benavides-Gordillor, Rafael Cavalcanti Lembis†, Tássia Rayane Ferreira Chagast, 
Diana Isabel Clavijo Rojasu, Lara Cornejo-Denmanv, Viviane Dibw,x, Simon Ferriery, Edberto Moura Limaz, 
Luis Filipe Lopesaa, Matheus Camargo Silva Mancinit, Juan Andrés Martínez-Lanfrancobb, Wladimir Moyacc, 
Julia Niemeyerx, Unai Pascualdd,ee,ff, Alice Ramos de Moraess†, Mercy Funke Salamigg, Carla Rivera Rebellahh,ii, 
Fábio H. C. Sanchesjj, Priyanka Sarkarkk,ll, Juliana Siqueira-Gaymm, Raísa Romênia Silva Vieiraw, 
Catalina Zuluaga Rodrígueznn, Carlos Alfredo Jolys,oo† and Rafael C. Borges pp,qq*

aDepartment of Geography, University of Calgary, Calgary, Canada; bGlobal Change Research Institute of the Czech Academy of Sciences, Brno, 
Czech Republic; cFaculty of Humanities, Charles University, Prague, Czech Republic; dLandscape Architecture and Spatial Planning Group, 
Department of Environmental Sciences, Wageningen University and Research, Wageningen, The Netherlands; eDepartamento de Ecologia, 
Universidade Estadual Paulista (Unesp), Instituto de Biociências, RioClaro, Brazil; fDepartamento de Recursos Naturales y Gestión Ambiental, 
Instituto de Innovación para la Producción Agropecuaria y el Desarrollo Sostenible (IPADS) Balcarce, INTA-CONICET, Centro Regional Buenos Aires 
Sur, Estación Experimental Agropecuaria Balcarce, CONICET, Balcarce, Argentina; gSchool of Environment, University of Auckland, Science Centre, 
Auckland, New Zealand; hDepartment of Marine Ecology, National Institute of Water & Atmospheric Research, Hamilton, New Zealand; iSchool of 
Natural Sciences, Bangor University, Bangor, UK; jDepto de Ecologia, CCS, IB, Bloco A, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brasil; 
kDepartment of Planetary Wellbeing and Regenerative Anticipation, UNESCO Chair on Futures Literacy, Museum of Tomorrow, Riode Janeiro, 
Brazil; lBotany Department, Plant Ecophysiology Laboratory, Federal University of Rio de Janeiro, Biology Institute, Riode Janeiro, Brazil; 
mLaboratorio de Biologia Recifal, Instituto Oceanográfico, Universidade de São Paulo, SãoPaulo, Brasil; nDepartment of Global Sustainability, PBL 
Netherlands Environmental Assessment Agency, The Hague, The Netherlands; oEnvironmental Systems Analysis Group, Wageningen University 
and Research, Wageningen, The Netherlands; pDepartment of Agricultural Meteorology, College of Resources and Environmental Sciences of 
China Agricultural University Beijing, China; qDepartment of Climate-Smart Agriculture, PODA-Pakistan, Islamabad, Pakistan; rLaboratório de 
Interações Multitróficas, Instituto de Biologia, Universidade Estadual de Campinas, Campinas, Brasil; sUniversidade Estadual de Campinas 
(Unicamp), Instituto de Biologia, R. Monteiro Lobato, Campinas, Brasil; tDepartamento de Ecologia e Conservação, Instituto de Ciências Naturais, 
Universidade Federal de Lavras, Lavras, Brasil; uResearch Cluster in Environmental Policy, School of Engineering, University of São Paulo, SãoCarlos, 
Brazil; vDepartamento de Investigaciones Científicas y Tecnológicas, Universidad de Sonora, Hermosillo, Sonora, Mexico; wDepartment of 
Restoration and Biodiversity Conservation, International Institute for Sustainability, Riode Janeiro, Brazil; xGraduate Program in Ecology, Federal 
University of Rio de Janeiro, Biology Institute, Riode Janeiro, Brazil; yDepartment of Land and Water, CSIRO Land and Water, Canberra ACT, 
Australia; zDepartment of Agricultural and Environmental Science, Universidade Federal de Santa Maria (UFSM), Santa Maria, Brasil; aaCentre for 
Applied Ecology “Prof. Baeta Neves” (CEABN-InBIO), School of Agriculture, University of Lisbon, Lisbon, Portugal; bbDepartment of Biological 
Sciences, Centennial Centre for Interdisciplinary Science Bldg, University of Alberta, Edmonton, AB, Canada; ccLaboratorio de Ecología, 
Departamento de Ciencias Biológicas & Biodiversidad, Universidad de Los Lagos, Osorno, Chile; ddDepartment of Climate and Natural 
Environment, Basque Centre for Climate Change, Scientific Campus of the University of the Basque Country (UPV-EHU), Bilbao, Spain; 
eeDepartment of Climate Change, Ikerbasque, Basque Foundation for Science, Bilbao, Spain; ffCentre for Development and Environment, 
University of Bern, Bern, Switzerland; ggDepartment of Agricultural Economics and Farm Management, Faculty of Agriculture, University of Ilorin, 
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ABSTRACT
Scenario building is a powerful tool for evaluating drivers of environmental change and 
assessing alternative socioecological pathways, helping integrate science-based information 
into decision-making. Nonetheless, this potential has not been fully embraced by scientists 
and decision-makers, in part owing to limitations of current scenario frameworks at repre
senting the diversity of values for nature and potential transformative changes to bend the 
biodiversity loss curve. There is still a need to further develop scientists’ capacities to include 
a transdisciplinary perspective in scenario building to address the drivers of transformative    
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change. This paper addressesthese needs by reflecting on the role of scientists engaged in 
scenario building in the construction of sustainable futures through the lens of three key 
concepts: social learning, knowledge co-production and conscientização (a Portuguese term 
meaning to build sociopolitical awareness and take action). Drawing on a survey of partici
pants of a Scenario Building School and a literature review, we suggest that scientists require 
capacity building to leverage these concepts together for the construction of transformative 
futures. This includes addressing power imbalances, improving inclusive and transdisciplinary 
participatory methods, reaching consensus and promoting action. We recommend that 
scientists engaged in scenario building focus on fostering transformative changes, challen
ging mainstream storylines, embracing diversity and addressing inequalities to pursue sus
tainable futures. 

KEY POLICY HIGHLIGHTS
● Capacity-building initiatives should integrate social learning, knowledge co-production and 

conscientização to enhance the scenario-building process.
● Integrating these three concepts supports incorporating science-based information into 

decision-making processes aimed at developing sustainable futures.
● To achieve sustainable futures, efforts must prioritize fostering transformative changes, 

challenging dominant narratives, embracing diversity and addressing inequalities at all 
levels.
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1. Introduction

Nature is under unprecedented pressure from 
human-driven changes, including land degradation, 
climate change, resource overexploitation, biological 
invasions and pollution (IPBES 2019). The demand 
for material goods transforms how nature is mana
ged, negatively impacting ecosystems worldwide 
(Díaz et al. 2019; IPBES 2019) and causing biodiver
sity loss and ecosystem degradation, with direct con
sequences for human well-being (Díaz et al. 2019). 
Addressing these changes requires envisioning and 
pursuing alternative pathways toward sustainable 
futures (Dinerstein et al. 2019; Kim et al. 2023). 
While a rise in the production of inter- and transdis
ciplinary approaches is found in the current literature 
on the construction of future scenarios (Linnenluecke 
et al. 2017; Pereira et al. 2018; Rana et al. 2020), they 
focus rather on theoretical frameworks for achieving 
sustainability (Ketonen-Oksi and Vigren 2024) with
out addressing the role of scientists in translating 
theory into practical actions that enable changes and 
what capacities are required to operationalize these 
actions.

The development of scenarios has enhanced our 
ability to assess and project global trends and assess 
relevant policy strategies to achieve targets and 
‘bend the curve’ of biodiversity loss and its societal 
consequences (Pereira et al. 2010; Kok et al. 2018; 
Chaplin-Kramer et al. 2019; Nicholson et al. 2019; 
Leclère et al. 2020). The Intergovernmental Science- 
Policy Platform on Biodiversity and Ecosystem 
Services (IPBES) defines scenarios as representations 
of possible futures for one or more components of 
a system, evaluating the drivers of change in nature 
and its benefits, and including alternative policy or 
management options (IPBES 2016). The full set of 

scenario types includes predictive scenarios (answer
ing the question of what will happen, i.e. what if 
scenarios), exploratory scenarios (what can happen) 
and normative scenarios (what should happen, 
visions of desirable futures) (Börjeson et al. 2006). 
Thus, scenarios have the potential to explore the 
world’s complexity, providing information to con
struct meaningful targets and policies to improve 
sustainability and conservation outcomes (Díaz 
et al. 2019; Nicholson et al. 2019; Sitas et al. 2019; 
Rosa et al. 2020).

The process of scenario building has created 
opportunities for researchers to extend science- 
based information into decision-making processes 
(Rieb et al. 2017; Linnenluecke et al. 2017; 
Nicholson et al. 2019; Pereira et al. 2020). Here, 
we broadly define scenario building as an umbrella 
term that encompasses a wide array in which sce
narios can be developed and use it as a synonym 
for other terms, such as scenario development, 
scenario planning and scenario analysis (Reed 
et al. 2013). Several authors highlight challenges 
that current scenario building is facing, such as 
subjectivity in interpretation, oversimplification of 
information (geographies and time scales), addres
sing uncertainties and diversity, communicating to 
a broader public and limited applicability (includ
ing implementation in decision-making), and sug
gest ways to overcome them (Sitas et al. 2019; 
Elsawah et al. 2020; Rosa et al. 2020). 
Nevertheless, one has to be aware that although 
scientific tools for scenario building, foresight and 
forecasting are increasingly sophisticated (Iwaniec 
et al. 2020; Harmáčková et al. 2023; Cork et al.  
2023), decision-making remains poor on several 
fronts, such as climate change, biodiversity loss, 
health and social inequality (Scarano 2024).
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Grasping the multidimensional socio-environmental 
dynamics behind environmental degradation also 
requires the use of multiple methods and perspectives 
and developing the capacity to use scenario tools in new 
and transformative ways (van Vuuren et al. 2016; 
Lundquist et al. 2016; Lazurko et al. 2023). 
Transformation and the construction of transformative 
futures refer to alternative futures that are just and 
sustainable (O´brien 2012; Patterson et al. 2017) and 
are reached by a collective learning process, where each 
individual is capable of learning, expanding and chan
ging their perspectives and worldviews to achieve the 
desired outcomes (Ketonen-Oksi and Vigren 2024). To 
support this process in scenario building, it is important 
to go beyond the current methods and decolonize 
future praxis to support the just and inclusive participa
tion of all actors (Cork et al. 2023; Lazurko et al. 2023; 
Terry et al. 2024).

Interdisciplinary and transdisciplinary approaches 
(as defined by Lawrence and Després 2004; Lyall 
et al. 2015) can improve our understanding of social- 
ecological systems, including the complexity of social 
and physical contexts that affect management and 
conservation actions (Carpenter et al. 2009). In parti
cular, transdisciplinary approaches can facilitate the 
integration of the knowledge of scientists, local com
munities and decision-makers to cooperate in trans
formative actions aimed at sustainability, including 
halting the loss of biodiversity and reducing social 
inequalities (Nicholson et al. 2019). In addition, parti
cipatory approaches have been largely conceived as 
game-changing tools to understand and integrate the 
value of nature for people across cultures and world
views (Becker and Ghimire 2003; Yanow 2003; Elwood  
2006; Harmáčková et al. 2022). We hold that scenario 
building can become a powerful tool for integrating 
these approaches in the pursuit of sustainable futures 
(Pereira et al. 2020; Wyborn et al. 2020) while incor
porating new concepts and the diverse values of nature 
that emerge from scientific publications, policy docu
ments and Indigenous and local knowledge sources 
(IPBES 2022). The diverse values of nature refer to 
the diverse worldviews and knowledge systems estab
lished by people across the globe. They range from 
broad values (e.g. prosperity, belonging, harmony with 
nature) to specific values, which are classified as 
instrumental (e.g. fish to eat, aesthetic enjoyment), 
intrinsic (e.g. the right of species to exist) or relational 
(i.e. meaningful human – nature relationships, such as 
the cultural meaning of nature) (Pascual et al. 2023).

Although many inter- and transdisciplinary 
approaches have been proposed (c.f. Pereira et al.  
2018; Rana et al. 2020; Lazurko et al. 2023; Scarano  
2024), and some, such as coproductive agility (reflex
ive engagement of diverse actors to grow shared 
ideas) (Chambers et al. 2022) and the interdisciplin
ary journey (balancing methodological groundedness 

to produce rigorous science) (Haider et al. 2018), 
address the use of critical reflection in sustainability 
research, there remains a mismatch at the interface of 
science and practice (Metzger et al. 2024). The role of 
scientists in this process is unclear and presents key 
challenges in practice (such as the capacity to per
form transdisciplinary research and increase its 
potential for implementation).

The aim of this study was to investigate the role of 
scientists in the process of building scenarios that 
contribute to future transformative changes. We 
explored what capacities (attitudes and skills) are 
needed to enable scientists to address the identified 
challenges regarding scenario building. First, we eval
uated the perspective of early career researchers on 
scenario building by applying a survey in a specific 
context. Second, we examined previously identified 
challenges and general applications of scenario build
ing through literature reviews. We argue that mobi
lizing the concepts of social learning (acquiring new 
capacities from interactions) (Oteros-Rozas et al.  
2015), knowledge co-production (collaboration to 
integrate scientific and social needs) (Moallemi et al.  
2023) and conscientização (bridging awareness and 
empowerment to take action) (Freire 1970) can con
tribute to advancing the usefulness of scenarios while 
enhancing the role of early career scientists in sce
nario building.

In this paper, we begin by describing our concep
tual framing and methodological approach. We then 
present the results of the review and the survey and 
discuss the current trends in scenario building 
through the lens of the three concepts. Finally, we 
synthesize the limitations and challenges in scenario 
building and propose recommendations for designing 
sustainable futures.

2. Conceptual framing

We use three complementary core-guiding con
cepts, i.e. social learning, knowledge co- 
production, and Paulo Freire’s conscientização (a 
Portuguese word that refers to the process of build
ing awareness and taking action), to analyze the 
results and propose approaches that can help 
advance scenario building. We propose the imple
mentation of these concepts as a nonlinear process 
(Figure 1) in which social learning, knowledge co- 
production and conscientização can co-occur and 
interact (e.g. Armitage et al. 2011).

Social learning (SL) encompasses the continuous 
dialog involved in acquiring new behaviors by obser
ving and/or interacting with others (Reed et al. 2010). 
SL can promote the collective development of an 
awareness of social‒ecological linkages (Folke et al.  
2011; Colding and Barthel 2019), a better under
standing of others’ interests and viewpoints (Sims 

ECOSYSTEMS AND PEOPLE 3



and Sinclair 2008; Menzel and Buchecker 2013) and 
the acquisition of a more critical understanding of 
one’s roles (Sinclair et al. 2013). In the process of 
scenario building, SL can be useful in facilitating 
adaptation to change by fostering the exploration of 
diverse opportunities and knowledge systems.

Knowledge co-production is a collaborative pro
cess that effectively addresses socio-environmental 
problems through the integration of scientific 
research and societal needs (Pohl et al. 2010; 
Armitage et al. 2011; Mauser et al. 2013; Beier 
et al. 2017). Knowledge co-production is summar
ized as an ‘iterative and collaborative process invol
ving diverse types of expertise, knowledge and actors 
to produce context-specific knowledge and pathways 
toward a sustainable future’ (Norström et al. 2020). 
It usually starts with a joint definition of the scope 
and context of the problem being addressed to build 
a comprehensive understanding of it (Armitage et al.  
2011; Beier et al. 2017). Collaboration among actors 
for knowledge co-production depends on the crea
tion of mechanisms and conditions that foster itera
tion and eliminate possible constraints, such as 
power imbalances (Pohl et al. 2010; Norström et al.  
2020) or cultural differences (Djenontin and 
Meadow 2018).

Conscientização refers to ‘the process in which 
human beings, not as recipients, but as knowing sub
jects, achieve a deepening awareness both of the socio
cultural reality that shapes their lives and of their 
capacity to transform that reality’ (Freire 1970, 
p. 452). This concept goes beyond the meaning of 
empowerment, as it includes the active process 
through which a critical understanding of social‒poli
tical‒economic circumstances enables actors to 
actively shift uneven power relationships. According 
to Freire (1987), the development of a critical con
sciousness goes beyond a simplistic comprehension 
of reality. It is the generation of a consciousness that 
perceives reality as an object to be transformed. In 

the context of scenario building, raising awareness 
tends to focus on the collective exercise of acknowl
edging an existing reality (e.g. conceptualized as 
NCP) and the diversity of values that people give to 
nature (Gómez-Baggethun and Barton 2013; Pascual 
et al. 2017, 2023), while conscientização focuses on 
the active role of actors in shaping reality.

Conscientização also contrasts with the idea of 
social learning because it is centered within an indi
vidual’s experience of reality and therefore has con
sequences for how they interact with their 
sociocultural and political environment, whereas 
social learning reflects learning experiences as 
a result of social interactions. Complementary to 
social learning, knowledge co-production ensures 
that the outcomes of social interaction materialize in 
shared ideas and guide the production of new knowl
edge. We argue that these concepts can aid scientists 
in navigating the construction of scenarios with 
a transdisciplinary approach, engaging other actors 
in the process in multiple ways, from an individual 
and/or collective perspective toward collaborative 
outcomes.

3. Material and methods

We draw upon the context of the SPSAS course that 
took place in the Municipality of São Pedro, in the 
state of São Paulo, Brazil, in 2019, which aimed at 
capacity building in scenario modeling of biodiversity 
and ES (for further details, see Rosa et al. 2020). The 
participants attended theoretical lectures and group 
work focused on case studies published in an issue of 
the Biota Neotropica journal (Joly et al. 2020). The 
SPSAS course was attended by 85 participants, repre
senting 21 nationalities and five continents, with the 
majority being PhD students/candidates or early 
career researchers (Rosa et al. 2020). Although the 
main goal of the course was capacity building, the 
event provided a unique opportunity to further 

Figure 1. Diagram of the development of this study. The interrelation between social learning, knowledge co-production and 
conscientização is presented as a continuous process, since awareness, learning and production of knowledge are iterative 
processes without clear boundaries.
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explore the self-perceived role of participants in sce
nario building to pursue alternative and sustainable 
futures. Given the limited time during the course, the 
group of five participants (lead authors of this article) 
designed a questionnaire survey as the most effective 
instrument for obtaining qualitative data regarding 
the perceptions of participants. On the last day of 
this intensive two-week course, we sent an online 
survey (Supplementary Material A) to all participants 
to identify and evaluate the knowledge gained during 
the course and the perceived contributions of scenar
ios and modeling to sustainability. The initial analysis 
of the survey triggered the need for complementary 
information regarding scenario building and its 
social-ecological implications. Although the survey 
data collected reflect a wide range of opinions from 
early career researchers, more information on exist
ing gaps and challenges in scenario building is 
needed. Thus, we complemented these results with 
a literature review of the use, challenges and limita
tions of scenario building and assessed the two IPBES 
reports (IPBES 2016, 2019; see Section 3.2.1).

3.1. Questionnaire survey on the SPSAS course

The questionnaire consisted of nine open-ended 
questions and five additional closed-ended questions. 
The open-ended questions were structured into two 
main themes: (1) co-production of knowledge in sce
narios and modeling and (2) the contributions of 
scenarios and modeling to sustainability. The addi
tional questions inquired about involvement in 
further research and about the general background 
and expertise of the participants. All potential 
respondents were informed that the data collected 
would be used for a joint article and were also invited 
to take part in it, with 27 participants eventually 
coauthoring it. They were also assured that all the 
responses would be anonymized. In the end, 75 of the 
85 course participants completed the questionnaire.

To analyze the survey data, we applied 
a qualitative content (thematic) analysis via an induc
tive approach, which does not rely on any prior 
research or existing theory (Bryman 2016). Data 
from Question 1 about keywords were analyzed 
quantitatively for the purpose of the word cloud 
visual summary of the frequency of occurrences 
(Figure 1 in Supplementary Material A). The word 
cloud was created via the qualitative data analysis 
software MAXQDA (maxqda.com). Data from other 
open-ended questions (numbers 2–9) were coded 
independently by four researchers. After the first 
round of initial coding, categories and themes were 
created based on groups of codes and their mean
ingful clusters (Hsieh and Shannon 2005). All codes 
were then cross-checked by at least one other 
researcher to ensure sufficient intercoder reliability 

across the dataset (O’Connor and Joffe 2020). The 
results of the survey have been used to develop 
Sections 4, 5 and 6, and the full results are presented 
in Supplementary Material A.

3.2. Literature reviews

To supply the need for complementary information 
regarding scenario building and its social-ecological 
implications that emerged from the survey, we con
ducted a literature review in two steps to assess A) 
IPBES challenges and B) the general applications of 
scenario building for BES.

3.2.1. Assessing IPBES challenges
To identify the key challenges that need to be addressed 
to reverse the decline of life on Earth and support the 
transformative changes provided by the IPBES (i.e. 
IPBES challenges), we conducted a content analysis 
(Bryman 2016) of two global reports and their accom
panying summary for policy-makers. Both reports were 
related to models and scenarios from a broader scale: 
the Methodological Assessment Report on Scenarios 
and Models of Biodiversity and Ecosystem Services 
(IPBES 2016) and the IPBES Global Assessment 
Report on Biodiversity and Ecosystem Services (Díaz 
et al. 2019; IPBES 2019). Although some regional 
reports are available, they were not included given the 
broader scale intended for this study. In the first step, 
we analyzed the reports individually and extracted 
information related to key findings, guidance points, 
recommendations and challenges related to models and 
scenario building for reaching sustainability. After that, 
all the data were merged and organized under chal
lenges (Table B1 in Supplementary Material B). This 
assessment was performed to understand the full set of 
challenges already raised in scenario building by the 
IPBES. The results of the IPBES challenges were used 
to develop Section 5, and the full results are presented in 
Supplementary Material B (Table B1).

3.2.2. Scenario building for BES
We conducted a systematic literature review to pro
vide insight into general applications of modeling and 
scenario building on BES, following the PRISMA 
checklist (PRISMA Group guidelines in Moher et al.  
2015). We established an input – process – output 
protocol that clearly defined each step of the systema
tic review following Vačkář et al. (2018) and Slovák 
et al. (2023). This process consisted of four stages to 
ensure the selection of only relevant studies (Figure 
B2, Supplementary Material B). We used the Web of 
Science platform (18 March 2020) and the following 
string of keywords: (ecosystem service*) AND (bio
diversity) AND (scenario*) AND (model*), from 
which we obtained 806 papers. The asterisk (*) pro
vided flexibility to incorporate alternative endings 
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(e.g. ‘modeling’ or ‘modelling’) and/or plurals (e.g. 
‘scenario’ or ‘scenarios’). We chose ES instead of 
NCP because the former has been more consolidated 
in the scientific literature since its establishment as 
a framework in the late 1990s (Costanza et al. 1997; 
Daily et al. 1997; de Groot et al. 2002). The NCP was 
first proposed in 2018; therefore, only more recent 
studies have adopted this terminology. We assume 
that this gap has been filled by the assessment of 
IPBES reports (see Section 3.3.1. and Supplementary 
Material B). While the ES/NCP concepts were suc
cessfully used to highlight the concrete values that 
ecosystems provide to human well-being and pro
mote their conservation (Díaz et al. 2019; IPBES  
2019), they focused on the instrumental value of 
nature. Although many studies highlight the impor
tance of considering nature’s reciprocal and intrinsic 
values, we acknowledge the risk of framing nature 
and its ecosystems as providers of goods and services 
for human use (Muradian and Gómez-Baggethun  
2021). However, addressing the issues of modeling 
and scenarios in biodiversity and ecosystem services 
was the main theme of the course and has been the 
focus of major international agencies, aligned with 
efforts such as the IPBES (IPBES 2016, 2019; see 
section 2.3.1).

Literature from 2015 to 2020, representing 65.7% 
of all articles (530 studies), was analyzed to better 
understand the most recent use of models and sce
narios and their social-ecological implications for 
proposing alternative sustainable futures. From 
these, we screened the title and abstract of all articles 
and retained for review studies published in English 
that directly connected scenarios and models with 
any aspect of BES (for all eligibility criteria, see 
Figure B2 in Supplementary Material B), encompass
ing a final list of 206 studies. From each article, we 
extracted the following information: country/region, 
spatial and temporal scale of application, type of 
ecosystem, main drivers of change, type of scenario 
(following IPBES’s classification: https://ipbes.net/sce 
narios), main analytical tools used and the ES/NCP 
categories considered (following Díaz et al. 2019). To 
unify the criteria, for each study, we recognized the 
NCP-equivalent category to which each ES pertained. 
We also identified the reported limitations and eval
uated whether the NCP concept was explicitly used, 
whether the models or scenarios addressed any policy 
application, and whether studies considered social or 
economic aspects in model or scenario building. If 
studies included applications from more than one 
region or location, we recorded them as separate 
cases. We created a shared template spreadsheet to 
collect and organize data extracted from all relevant 
studies. The full reference list and the description for 
each category of information extracted from the 
papers can be found in the supplementary material 

(Supplementary Material B and C). The general 
trends that emerged from the literature review on 
scenario building for BES are presented in the results 
section.

3.3. Synthesizing limitations and challenges in 
scenario building and proposing 
recommendations for sustainable futures

In rethinking scenario building, we summarized key 
limitations and challenges emerging from the SPSAS 
course survey and the literature reviews. We clustered 
them into categories by expanding the dimensions of 
knowledge co-production following Armitage et al. 
(2011). The categories include knowledge gathering, 
knowledge sharing, knowledge integration, knowl
edge interpretation and knowledge application. This 
expansion was accomplished by acknowledging such 
dimensions and emphasizing the relevance of context 
in scenario building.

These results were synthesized to propose recom
mendations to rethink scenario building by propos
ing five key attitudes and approaches of scientists 
engaged in scenario building that can address the 
combination of limitations and challenges identified 
in each knowledge dimension.

4. Results

4.1. Literature review of scenarios and models 
for BES

A total of 206 articles were reviewed to explore how 
scenario building with ES/NCP and biodiversity has 
been applied in the scientific literature (for details on 
the review, see methods and Supplementary Material 
B for complete results). Most of the reviewed articles 
had a local study area, modeling one particular type 
of ecosystem, highlighting a strong bias toward for
ests, and Europe and most of the Americas were the 
most represented regions (Figure 2). We also found 
a strong bias toward regulating and material contri
butions (e.g. carbon storage and sequestration ser
vices to the regulation of climate contribution) 
(Díaz et al. 2019), whereas few studies considered 
non-material or relational ES/NCP (Figure 3, 
Supplementary Material B). The most frequent 
NCPs across studies were ‘Regulation of climate’, 
‘Habitat creation and maintenance’, ‘Maintenance of 
options’ (mostly related to biodiversity conservation 
studies) and ‘Food and Feed’ (which is intimately 
associated with the main direct drivers identified 
across studies, i.e. land use and land cover change – 
LULC). Non-material contributions were scarce 
throughout the review, but we found studies that 
addressed diverse ways in which people use and 
value ecosystems in scenario building, such as valuing 
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local knowledge and a cultural connection to the 
place, experiences related to wildlife watching, recrea
tional activities and physical and mental well-being 
associated with different types of ecosystems (see 
Supplementary Material B for additional 
information).

Regarding how models were developed, we found 
a great variety of tools. Mathematical or statistical and 
spatially explicit approaches (or a combination of both) 
were the most commonly used approaches (68%). In 
contrast, qualitative methods, such as interviews and 
questionnaires or integrating the participation of 

Figure 2. a) case studies by country involving scenarios and modeling of ES and biodiversity found in our review of the local 
and regional (more than one country) approach; b) number of studies referring to NCP categories (more details in 
Supplementary Material B); c) percentages (%) of the different ecosystems where the models and scenarios were performed: 
agroecosystems (including croplands, implanted forests, implanted pastures for livestock), alpine and mountain ecosystems, arid 
ecosystems, forests, grasslands, marine ecosystems (taking into account open waters and coastal areas), urban areas and 
wetlands (including freshwater systems such as lakes, rivers basins, etc.).
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stakeholders into modeling, are rarely used. Most stu
dies represented exploratory scenarios (77%), whereas 
participatory approaches (2.4%) and intervention sce
narios (target-seeking 6% and policy screening 9%) 
were scarce, and retrospective policy evaluation scenar
ios were found in only two studies. The main drivers of 
change considered in these scenarios were LULC (38%), 
climate change (22%) or both (8%).

Regarding social-ecological systems, 65% of the 
studies included social or economic aspects in their 
scenario building. Although most of the studies 
focused on Western science, some of them integrated 
diverse knowledge types. For example, Yazzie et al. 
(2019) presented different scenarios for future forest 
conditions under climate change and interpreted 
their findings from the perspective of Indigenous 
knowledge. In this case, the authors highlighted the 
potential effects on their livelihoods and well-being. 
Finally, concerning policy application, 72% of the 
studies geared their scenarios or models toward end- 
goal policy development or implementation. 
However, the literature review was unable to assess 
whether scenario outputs were included in this end 
goal of decision-making and policy implementation. 
Although policy application was a major end goal, 8% 
of the studies mentioned the lack of feedback from 
policy implementation as a limitation.

It is also important to acknowledge the limitations of 
our review. First, this review was performed using one 
database (Web of Science), and different outputs could 

have been found with other sources. Second, we selected 
keywords and applied them in a way that would target 
a wide range of publications, as our aim was to assess the 
general trend in which scenarios and models were 
applied regarding BES. The use of more specific terms 
would result in different results. Other systematic 
reviews, such as Thorn et al. (2020) and Quintero- 
Uribe et al. (2022), have different findings that focus 
only on participatory scenarios and particular ecosystems 
or areas. The word ‘model’ could also be related to 
a more quantitative and mathematical approach rather 
than narrative and qualitative scenarios. Additionally, the 
ES/NCP concepts are usually associated with the instru
mental value of nature; thus, the intrinsic value of nature 
is less represented. Third, our eligibility criteria included 
publications from five years (2015–2020, Figure B1, 
Supplementary Material B). Finally, we included only 
studies published in English. Although we excluded 
only 13 publications in other languages (from 530), we 
would like to highlight the importance of local studies in 
other languages. A general limitation when applying the 
ES framework among searched keywords is that we 
possibly missed studies that address ES or NCP but do 
not necessarily refer to them as such.

4.2. Course survey on advancing scenario 
building

Scenarios and models have become popular tools for 
demonstrating the possible outcomes of decisions, 

Figure 3. Conceptual scheme summarizing the suggested roles of scientists engaged with scenario building for sustainable 
futures. Specific tools can help pursue each role and provide certain benefits to reach sustainable futures. The roles are 
complementary and should be understood as independent elements.
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including social and political changes, in the future. Our 
review highlighted some trends and limitations in their 
use. In this section, we analyze the SPSAS course survey 
findings and use the concepts of social learning, knowl
edge co-production and conscientização to build links 
with the identified limitations and challenges in scenario 
building for sustainable futures. The content of the 
SPSAS course included many interdisciplinary groups 
and thus provided space for discussions and mutual 
learning in a unique environment (for more information, 
see Rosa et al. 2020).

4.2.1. The course as a social learning experience
The survey findings demonstrated the potential of 
social learning in scenario building. For example, 
with different levels of engagement and interaction, 
interdisciplinary and participatory approaches rely on 
collective behavior to balance power and define nego
tiation strategies. In the context of the SPSAS course, 
68% of the participants perceived changes in their 
individual beliefs or assumptions concerning model
ing and social-ecological systems. These responses 
may indicate that the group discussions and case 
studies developed during the course challenged parti
cipants to engage with different perspectives and 
rethink their own views, for example, ‘I learned that 
the basis for making good future projections is the 
respect for diversity and the different forms of values.’ 
The course allowed them to engage in negotiations 
and realize their biases, for example, ‘I learned to see 
in a human perspective because my work is always 
focusing on conservation by itself, intrinsic values, 
without thinking [from] the point of view of human 
uses of nature.’

The majority of respondents highlighted the 
importance of incorporating a social‒ecological 
approach in the development of scenarios and mod
els. Interestingly, most of them have a natural science 
background (96% of respondents reported an envir
onmental, biological or geographical science back
ground). By examining the social-ecological system 
prior to the proposition of scenarios, different per
ceptions, values and knowledge emerged within 
working groups, challenging participants’ previous 
conceptions and beliefs. By sharing their perspectives 
with the group, people realized a variety of experi
ences and views, for example, ‘mainly, I learned from 
the experiences with different people to address and 
solve problems in ways that are different from my 
usual way.’

4.2.2. Co-producing scenarios
The experience of collaboratively developing case 
studies during the SPSAS course enabled partici
pants to understand the limitations of not involving 
other actors, which triggered their awareness (con
sciousness) that co-production could enhance the 

practical application of the knowledge being pro
duced. The results revealed that the complexity 
underpinning social-ecological models was a key 
factor in participants’ understanding of a model’s 
usefulness and applicability at the interface of 
science and policy. The respondents also acknowl
edged the importance of stakeholder involvement in 
general, followed by knowledge on how to develop 
scenarios with stakeholders. Highlighting inclusivity, 
the respondents affirmed that they had learned to 
acknowledge multiple perspectives and emphasized 
the importance of interdisciplinarity and the need to 
find a common solution with the participation of 
interested parties.

Another essential aspect of co-production indi
cated by the survey concerns the roles each societal 
actor can perform and the types of knowledge 
included in scenario building. Unbalanced power 
relations were perceived by 45% of the respondents, 
who expressed that certain types of knowledge and 
opinions were privileged against others. In their 
responses, they indicated that the environmental or 
ecological perspective prevailed over the social or 
economic perspective within the course context 
(probably due to the majority’s background in the 
natural sciences, including lecturers). The discussions 
carried out during the course usually focused on 
environmental sustainability, setting aside discussions 
regarding economic and social sustainability. This 
imbalance may be reproduced in several other con
texts where scenarios are developed. Additionally, 
Western approaches, along with scientific or aca
demic knowledge, were mentioned as privileged, dis
regarding traditional knowledge and Indigenous and 
other cultures.

4.2.3. Promoting conscientização through scenario 
building
Raising awareness and having an impact were the two 
most prominent overarching themes related to the 
potential contributions of scenario building to 
a sustainable future. Acknowledging the need to 
raise awareness of the political and social forces that 
affect social-ecological systems, we propose the con
cept of conscientização as a vehicle to increase aware
ness in scenario building. In the context of the SPSAS 
course, respondents addressed the role played by 
scientists in producing inclusive knowledge to raise 
awareness; for example, ‘getting directly in contact 
with communities is the first and main step to con
tribute to a sustainable future. To spread my research 
in a palatable way to society, to bring science inside 
schools and the different worlds are my contributions 
to reach a sustainable future.’ Furthermore, empha
sizing the need for ‘using participatory approaches to 
mobilize people’ underlines the transformational 
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importance of scenario-building exercises for capacity 
building.

In the context of scenario building, mobilizing the 
concept of conscientização can become instrumental 
in shedding light on underlying assumptions and 
power relations that influence environmental change. 
In other words, knowledge co-produced through sce
nario building should go beyond understanding the 
drivers of environmental change. For example, parti
cipants recognized their ability to communicate and 
expand the potential of scenarios as a tool to illustrate 
possible and unthinkable sustainable futures, combin
ing societal aspirations with scientific knowledge, for 
example: ‘Mainly, I learned from the experiences with 
different people to address and solve problems in ways 
that are different from my usual way. This I intend to 
apply in my life and work, in order to produce higher- 
level science and to work more connected to other 
researchers. I also intend to share these different per
spectives with those around me as much as possible.’

4.3. Limitations and challenges in scenario 
building

The summary of key limitations and challenges 
included the categories of knowledge gathering, 
knowledge sharing, knowledge integration, knowledge 
interpretation and knowledge application (Table 1).

4.3.1. Knowledge gathering
In general, since most biodiversity hotspot areas are 
associated with large knowledge gaps, the key limita
tions and challenges here are data access and quality, 
which are spatially and temporally biased (Rodrigues 
et al. 2004; Chaplin-Kramer et al. 2019). These 
knowledge gaps can be used to highlight the diverse 
data required for scenario building, including not 
only environmental information but also social, cul
tural and economic data. From the literature review, 
we identified a series of limitations that were identi
fied in many studies. Most studies mentioned some 
type of limitation for model development (75%), of 

which model complexity and uncertainty associated 
with scenario projections were most frequently men
tioned (35%). Furthermore, most studies recognized 
that they did not include all relevant drivers of 
change.

Scenario building often relies on social, economic 
and institutional sets of metrics and practices, and 
this approach allows scenario builders to find the 
interlinks between the drivers of environmental 
change and their consequences, which can identify 
options to achieve a desired outcome. However, by 
exploring a limited set of options that may be biased 
toward existing strategies and further avoiding 
options that may impact the status quo, such an 
approach may replicate existing power asymmetries 
and privilege certain ways of knowing over others, 
e.g. underrepresented local knowledge (Adam 2007; 
Milkoreit 2017; Ossewaarde 2017). Moreover, this 
can even prevent asymmetries from being noticed 
or detected and can further prevent the inclusion of 
knowledge diversity in scenario building and deci
sion-making (e.g. a scenario for threatened species 
built only on scientific-academic knowledge ignores 
traditional/ethnobiological knowledge and interac
tions with biodiversity) (Andersen et al. 2021).

4.3.2. Knowledge sharing and integration
Scenarios have the potential to facilitate the combina
tion of cutting-edge scientific knowledge with 
Indigenous and local knowledge in assessments and 
decision-making (Pereira et al. 2020). However, sce
nario building has advanced through asymmetries 
built on power inequalities over the production of 
knowledge (Knappe et al. 2019). Privileging one’s 
knowledge over another’s may reproduce social‒eco
logical conflicts and prevent knowledge co- 
production and mobilization (Norström et al. 2020). 
Importantly, scenario-building exercises that struggle 
to include multiple knowledge systems, even though 
methods are available, might produce pathways in 
which less represented people have little to no agency 
or ownership to decide upon their futures (Granjou 

Table 1. Suggested links between knowledge dimensions and existing limitations and challenges in the process of 
scenario building. Categories of the dimensions of knowledge co-production were adapted from (*) Armitage et al. 
(2011). Limitations and challenges in scenario building were based mainly on the survey results and complemented 
with findings from the literature review (including IPBES reports).

Knowledge dimension* Examples of limitations and challenges in scenario building

Knowledge gathering Applying participatory methods in an inclusive and multidisciplinary fashion
Collecting and accessing data due to methodological or financial constraints; understudied sites

Knowledge sharing Inability to communicate results to various audiences
Difficulties integrating the natural and social sciences

Knowledge integration Finding common ground (building consensus) to deliberate and draw up solutions
Privileging quantitative over qualitative methods
Fostering interdisciplinarity and multidisciplinarity

Knowledge interpretation Reporting results for stakeholders of different cultural and technical backgrounds
Model calibration and validation can lead to the wrong interpretation of outputs

Knowledge application Limited application of scenarios
Lacking the opportunity to raise awareness through scenario-building exercises
Weak engagement between researchers and policymakers
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et al. 2017; Kelz 2019; Knappe et al. 2019). In our 
review, studies that used tools involving consultation 
or interviews (e.g. to include values, knowledge and 
stakeholders’ participation) were scarce. As a result, 
stakeholders may miss the opportunity to engage in 
collective and individual reflections on the links 
between humans and nature and thus are unlikely 
to identify innovative solutions to current social- 
ecological challenges, limiting the possibilities of sce
narios built.

The path toward more just and ecologically sus
tainable futures requires new behavior that moves us 
away from the colonized perspective (i.e. where only 
the Eurocentric worldview is superior) to produce 
decolonized perspectives (which permits looking 
into the future while encompassing a deep under
standing of the past) (Terry et al. 2024; Turnhout  
2024) and promotes connectedness across all sectors 
and peoples, which can help to avoid further dete
rioration in biodiversity (Moldavanova and Goerdel  
2018; Kok et al. 2018; Dragicevic 2020; Goymann and 
Küblbeck 2020). Colonial practices impose their cul
ture, time and space understandings at the expense of 
local beliefs, which has led to decreased mental health 
and increased detachment from nature in some peo
ples, but has also led to the development of a double 
perspective (i.e. the individual connects with both the 
dominant perspective and his own traditional one) by 
more resilient peoples (Svalastog et al. 2022). One 
way forward is through the understanding and incor
poration of local traditional knowledge (e.g. the 
Entangled Time Tree concept from Terry et al.  
2024) while supporting the application of existing 
policy instruments to enlist individual and collective 
actions for transformative change (Díaz et al. 2019; 
Pascual et al. 2023). Among the challenges pointed 
out by participants in the SPSAS course, the lack of 
experience in ‘working directly with society and cul
ture’ was indicated as a hindrance to their ability to 
identify ‘social drivers, to propose policies’ and to 
relate ‘nature as culture’.

Another insight by participants in the SPSAS 
course that can be linked to how scenarios are devel
oped refers to the ‘difficulty [. . .] to get out of [their] 
ecology perspective and look for new ways of thinking 
outside the biolog[ical] and conservati[ionist] [per
spective]’. Additionally, the challenge of including 
perceptions was noted as a major methodological 
limitation for developing scenarios to ‘include differ
ent types of knowledge, perception[s] and interests in 
the models’. Nonetheless, the majority of respondents 
understood the need to include perceptions from 
traditional, local, rural and Indigenous communities; 
from stakeholders; and from multidisciplinary scien
tific approaches, which can be incorporated through 
the application of participatory scenarios that are 
currently underused (Lundquist et al. 2021).

4.3.3. Knowledge interpretation and application
One conspicuous challenge that hinders the use of 
scenarios and models for policy development and 
implementation relies on scientists’ inability to com
municate effectively the uncertainty associated with 
scenario projections and its consequences for the 
decision-making process (IPBES 2016; Rieb et al.  
2017; Rosa et al. 2020. Furthermore, reporting results 
for stakeholders with different technical and cultural 
backgrounds must explicitly acknowledge assump
tions and evaluate the consequences of different 
outcomes.

The need to increase the applicability of scenario 
knowledge has been recognized in the literature but is 
also highlighted by participants of the SPSAS course, 
for example: ‘[during the school], I could feel how 
distant my research and I are from society and how 
technical my mind and proposals are, which does not 
reflect reality. I have realized that I really need to 
produce science to reach society and not only to pro
duce science to gain knowledge.’ If they could draw on 
the potential of conscientização, we suggest that the 
scientific community might gain an opportunity to 
raise awareness through scenario-building exercises.

The predominant technical use of scenarios tends to 
limit their capacity to integrate diverse knowledge 
types and address power dynamics inherent to human- 
nature dynamics, including decision-making and man
agement. The science‒policy gap may reflect why most 
commonly used scenarios ‘have limitations in their 
ability to incorporate shared values, norms and policy 
objectives related to nature conservation and good 
quality of life’ (Lundquist et al. 2021, 1773). As an 
alternative, capacity building at the science‒policy 
interface has the potential to improve scientists’ ability 
to better understand decision-makers’ needs, embrace 
other perspectives and translate scenario outcomes 
and assumptions to non-academics. In the following 
section, we address some of the limitations and chal
lenges in scenario building by proposing attitudes and 
approaches that can build capacities for scenario- 
building research and exercises.

5. Discussion

Several attitudes can be addressed to improve scientists’ 
capacity to engage context-specific knowledge and sta
keholders in the process of scenario building. In light of 
our results, we discuss the application of innovative 
methods for the construction of transformative scenar
ios by mobilizing social learning to foster transforma
tive change, relying on the concept of conscientização 
to raise awareness; addressing knowledge inequalities 
across scales, biomes and geographies; and challenging 
mainstream storylines. We then highlight the contribu
tion of our approach in concluding remarks. Here, we 
present a broader scale study to capture trends across 
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biomes and regions. We reveal common challenges as 
a starting point for developing scalable solutions that 
can be adapted to specific contexts.

5.1. Innovative approaches to build scenarios in 
the pursuit of sustainability

Not only early-career researchers but also experienced 
researchers engaged in scenario building have the 
potential to help create sustainable futures. Plato 
noted that thinking about the future influences what 
we do in the present (Ruse 2013). In the scientific use 
of scenarios, those known as transforming normative 
scenarios (Börjeson et al. 2006), or visions (i.e. target 
scenarios), already play a substantial role in shaping 
new possible futures. On the other hand, explorative 
scenarios rely on possible developments intended to 
bring external ‘forces’ to local and specific contexts 
and enable decisions to be made despite their conse
quences. Walsh (2013) argues that in contemporary 
science, the ‘cultural authority of scientists’ (p. viii), 
backed up by scientifically testable projections, gives 
them the opportunity to act as ‘scientific advisors’ 
regarding what may happen in the future, assisting 
society’s adaptation and resilience. Walsh (2013) also 
uses the IPCC as an example of how scientific projec
tions have shifted the status of climate change from ‘a 
scientific dilemma to a political one’ (p.164), making 
room for science-based actions. The Nature Futures 
Framework (NFF), led by the IPBES task force on 
scenarios and models, is another example of an inno
vative approach to create sustainable futures that inte
grate different values of nature and brings together 
stakeholders and the scientific community (Lundquist 
et al. 2017; Pereira et al. 2020). Based on this frame
work, different applications have been developed, such 
as participatory building of scenarios to identify desir
able futures, pathways toward them and the varying 
values for nature that different stakeholders have in 
relation to a national park (Kuiper et al. 2022) and to 
evaluate how different restoration scenarios in Europe 
consider different values (Quintero-Uribe et al. 2022).

The use of scenarios in ecological research more 
commonly relies on predictive scenarios (i.e. what-if 
scenarios) that are intended to enable planning and 
adaptation to probable (expected) futures (Börjeson 
et al. 2006). In general, researchers engaged in sce
nario building can make projections that can encou
rage new political discourses, which, in turn, can 
bring about societal transformations. Most of the 
reviewed studies mentioned end-goal policy develop
ment or implementation (72%); however, whether 
their recommendations were considered and applied 
remains to be seen. Therefore, we suggest that scien
tists require capacity building to leverage concepts 
such as social learning, knowledge co-production 
and conscientização, as discussed in Section 3.2, to 

advance scenario building for sustainable futures. The 
survey results suggest that involving all interested 
groups of actors in the development of scenarios 
brings broader perspectives to foresee and anticipate 
problems, propose innovative solutions and commu
nicate them to all the actors involved. A collaborative 
construction facilitates the use of appropriate lan
guage and channels to create awareness among 
actors, apportion responsibility to them, and mobi
lizes them to take action. Based on the results pre
sented above, we suggest further capacity building for 
scientists who work with scenario approaches to 
actively pursue the following attitudes (Figure 3).

5.1.1. Fostering transformative change
Social learning is key to producing new understand
ings and finding solutions through the constant inter
action between stakeholders in learning spaces 
(Lumosi et al. 2019). New capacities could enable 
scenario builders to deploy their talent and knowl
edge in a humble, perseverant and open-minded 
fashion to produce and facilitate such interactions 
and spaces. In an attempt to foster social learning, 
scientists should recognize, respect and defend the 
diversity of knowledge, backgrounds and cultures 
involved in any system, including scientists and 
researchers as part of the whole. There is a need to 
further develop the ability to enhance the role that 
scenarios play in the science‒policy interface by, for 
example, including practical and local knowledge in 
the building stages (e.g. the NFF, Pereira et al. 2020), 
with relevant context-specific options and not just 
broad societal drivers that are difficult to link to 
management options that are solution oriented 
(Andersen et al. 2021). Creating inclusive settings 
can enhance agency and balance the role of diverse 
actors, who ultimately produce change (de Haan and 
Rotmans 2018). In an example of an innovative and 
transformative scenario approach (the Seeds of Good 
Anthropocene project), the authors suggest that pro
viding a safe space for creativity and imagination for 
a diverse mix of participants and stimulating trans
formative thinking are key aspects in generating use
ful lessons for participants that can further catalyze 
innovative action in the real world (Pereira et al.  
2018).

There is room for scientists and researchers to play 
active roles in the pursuit of sustainable futures 
(IPBES 2016). They can, as individuals, act as role 
models, engage in activism (Woolston 2016), pro
mote scientific communication to a broader public 
(Scheufele and Krause 2019) and call attention to 
urgent issues (e.g. scientistswarning.org). The SPSAS 
course participants highlighted their individual con
tributions toward performing the multiple roles they 
might play. Responses referred to influencing other 
people by improving communication skills for 
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dealing with the public but also taking direct action 
to promote changes on the ground. Drawing on the 
survey results, we find that the societal relevance of 
scenarios increases by adding emphasis on social 
aspects and connecting the consequences of environ
mental changes to human well-being. Several 
approaches have emerged in the literature to assist 
in engagement and participation in research and 
practice (Chambers et al. 2022); for example, scien
tists can use knowledge as a bridge to society and 
engage with stakeholders, policy-makers and deci
sion-makers to promote change.

One of the most challenging aspects in pursuing 
sustainable futures is fostering societal behavioral 
change. Current consumption and production beha
vior trends and nature management paradigms are 
aggravating the current environmental crisis (Clark  
2007; Geels et al. 2015). As such, if we want to 
motivate people to change their behavior in favor of 
more sustainable practices, we must use not only the 
results of scenarios but also the development process 
itself as an engagement and communication tool 
(Lumosi et al. 2019; Sitas et al. 2019). When society’s 
representatives participate as stakeholders in the 
research process and become agents in the co- 
production of knowledge, as in scenario building, 
outcomes are more likely to be appropriated by 
society and gain impact (increased legitimacy, cred
ibility and saliency, according to Cash et al. 2003; 
Safford et al. 2017). However, another bridge lies 
between scientific development and practical actions 
to improve people’s lives (Page et al. 2016; Fazey et al.  
2018). Ultimately, it is not just about achieving better 
knowledge but also how to ensure that the knowledge 
is helpful for achieving better things (Turnhout  
2024). Based on the limitations and challenges pre
sented above, we propose that engaging in interac
tions with stakeholders confers legitimacy to the 
process of scenario building and promotes the appro
priation of its outputs (Cash et al. 2003; Safford et al.  
2017), enabling its materialization in policy-making 
and changes in societal behavior (Caniglia et al.  
2021).

5.1.2. Raising awareness through conscientização
Scenario-building exercises have demonstrated great 
potential for making interrelations between humans 
and nature visible (Joly et al. 2020). For example, 
building a conceptual model, which is a key input 
for scenario building, represents a major opportunity 
for relevant stakeholders (e.g. local resource users, 
Indigenous peoples and scientists) to co-produce 
knowledge and promote social learning. 
A conceptual model not only depicts what elements 
influence environmental change but also shows how 
these elements affect each other and therefore the 
whole system (Lundquist et al. 2017). However, we 

argue that the potential of these exercises has not 
been fully exploited.

A scenario-building endeavor should also repre
sent a space to reflect on the political forces that 
influence the system. As we presented earlier and in 
light of Freire’s concept of conscientização (see 
Section 4.3.) and our findings, we propose that new 
capacities guide the use of research approaches to 
facilitate the understanding of political forces influen
cing social-ecological systems. In other words, scenar
ios can be used as tools of emancipation by 
democratizing the process of building scenarios, 
which can then democratize decision-making and 
increase accountability. Although these conclusions 
are not completely new (see Pereira et al. 2020; Rose 
et al. 2020; Quintero-Uribe et al. 2022), there is 
a constant need to raise awareness of this issue to 
operationalize its implementation (e.g. the NFF). We 
recognize the importance but do not consider con
text-dependent variables that influence participation 
and local engagement (e.g. culture of participation) 
and focus on scientists’ ability to consider such atti
tudes in scenario building, beginning with how they 
delineate the process and embed it in reality. As such, 
researchers can pair conceptual model building with 
qualitative methods (e.g. focus groups or interviews) 
to grasp sociopolitical issues (Weiskopf et al. 2022). 
Thus, this proposal emphasizes the need for multi
disciplinary approaches and researchers trained in 
various disciplines to enable the inclusion of concepts 
such as conscientização in scenario building.

The literature review results highlighted a strong 
bias toward exploratory scenarios, which is partially 
explained by our choice of search terms, as men
tioned in Section 4.1. We acknowledge that including 
other search terms, such as ‘visions’ and ‘pathways’, 
could have revealed different insights into the use of 
other types of scenarios. Although exploratory sce
narios are very valuable in analyzing possible sustain
able futures, other types are crucial to policy design 
and implementation through evaluating the outcomes 
achieved by implementing them. Therefore, scenario 
building could be improved if more is known about 
policy implementation outcomes (feedback) and with 
increased stakeholder involvement (Weiskopf et al.  
2022).

5.1.3. Addressing knowledge inequalities across 
scales, biomes and geographies
The current global biodiversity crisis has triggered the 
development of global targets aimed at reducing bio
diversity loss, maintaining ES/NCP and developing 
sustainable futures (e.g. CBD, SDGs and Aichi tar
gets). Recognizing the main limitations found in our 
review (across scales, biomes, methods), the applic
ability of models and scenarios to promote human 
well-being depends, to a certain extent, on addressing 
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some of these knowledge gaps and providing the data 
needed to strengthen the science‒policy interface. 
Therefore, there is a need to encourage new scenario 
studies, especially in neglected biomes, such as grass
lands and arid ecosystems (Isbell et al. 2022).

Regarding the science–policy interface, focusing 
on biomes that present LULC change and climate 
change as major threats, such as those mentioned 
above (O’Mara 2012; Huang et al. 2016), could lead 
to new ways of addressing sustainable practices and 
conflicting mitigation measures. These approaches 
could help scientists engaged in scenario building to 
achieve a more complete and comprehensive over
view of ecosystems worldwide. For example, in one of 
the case studies on the SPSAS course, participants 
suggested a conservation policy proposal for support
ing sustainable development in the region by inte
grating scientific publications, current policy-based 
conservation laws and conservation efforts in the 
Río de La Plata grasslands (Gorosábel et al. 2020). 
In another, participants identified the drivers of forest 
loss in Pará state (eastern Amazon) and proposed 
policies to address the drivers and support positive 
future scenarios for the Amazon forest (Siqueira-Gay 
et al. 2020). Additionally, by developing a conceptual 
framework, building scenarios and modeling BESs, 
participants were able to illustrate complex social- 
ecological systems in protected areas in Brazil (Dib 
et al. 2020) and the Mexican Caribbean (Sánchez- 
Quinto et al. 2020). Filling data availability gaps 
across scales, biomes and geographies can help to i) 
reduce inequalities in data access among people (and 
research communities) worldwide, ii) support scien
tific development at local scales, and iii) foster diver
sity in types of knowledge and worldviews (Nagaraj 
et al. 2020). Thus, multiscale data access is required 
to encourage new ways of protecting both nature and 
culture and to increase the capacity to build scenarios 
that are commensurate with major threats and activ
ities across scales.

5.1.4. Embracing diversity
The prevalence of science‒policy knowledge gaps, 
including difficulties in producing transdisciplinary 
research to support the integration of the natural 
and social sciences with stakeholders, local commu
nities and Indigenous peoples, is a major reason for 
the failure to achieve global sustainable targets (Xu 
et al. 2021; Weiskopf et al. 2022). In addition, other 
reasons include inadequate policies, a lack of financial 
resources and the imperfection of monitoring systems 
(Xu et al. 2021). The inclusion of differing perspec
tives (including stakeholder involvement) and real- 
life complexity was indicated as a methodological gap 
to be filled (Weiskopf et al. 2022). Additionally, 
including stakeholders in the scenario design in 
local areas could also fill sectoral and thematic gaps 

while meeting the needs of a broader range of users 
across communities (Harmáčková et al. 2022). Thus, 
closing these gaps is strongly necessary to support 
and embrace diversity and inclusion into different 
contexts (Pereira et al. 2020). Moreover, new capa
cities could be developed to focus on representing 
different voices and knowledge when new scenarios 
are being built. In particular, during the SPSAS 
course, the participants’ diverse backgrounds were 
relatively homogeneous, with a prevalence of aca
demics involved in natural and environmental 
research (only 10% of the respondents reported 
a social science background). As a consequence of 
having very few other actors participating − 5 out of 
85 participants were practitioners, policy-makers, 
decision-makers or representatives of societal organi
zations – the general ability of groups to add diverse 
knowledge or perspectives in their case construction 
was limited (Joly et al. 2020; Rosa et al. 2020). 
However, most of the participants realized the impor
tance of including different perspectives to learn from 
and with each other. We understand that scenarios 
will be more inclusive of different perspectives 
(worldviews) if different actors are involved in the 
building process.

A diversity of perspectives, as well as a diversity of 
research topics, need to be embraced. Drawing from 
the literature review, most scenario studies have 
focused on the material and regulation NCP. Non- 
material contributions are overlooked, even though 
they are very important in highlighting the connec
tion between nature and people and can help identify 
what people value the most (Müller et al. 2019). 
Promoting an integrative perspective (from holistic 
and transdisciplinary training) – bridging the gaps 
between the social and environmental sciences and 
between science and society – is imperative for build
ing scenarios that aim to catalyze the required trans
formative change, to safeguard society, nature, NCP, 
and to support sustainable futures (e.g. the NFF 
approach) (Díaz et al. 2019; Leclère et al. 2020; 
Pereira et al. 2020). However, addressing the global 
environmental crisis might need re-framing human- 
nature relationships beyond NCP and their utilitarian 
conception to strongly include a morality of care and 
justice to non-human entities (Muradian and Gómez- 
Baggethun 2021), e.g. by operationalizing more-than- 
human participatory approaches (O’Connor and 
Kenter 2019).

5.1.5. Questioning and challenging mainstream 
storylines
Human communities, from global to local, have 
shown signs of resilience and innovation in the face 
of stochastic and unpredicted events (e.g. tsunamis, 
droughts, social movements and pandemics) (Rivera- 
Collazo 2022). For example, the COVID-19 
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pandemic has shown remarkable adaptability to some 
major life changes, such as increases in working-from 
-home (i.e. reduction in commuting, use of petrol), 
increases in virtual meetings (reduction in domestic 
and international travel) and increases in home and 
community gardening, which at a national or global 
scale could all be significant transformative changes 
that could be included in models to show their con
tributions to sustainable futures. At the same time, 
scenarios with incremental or small changes could be 
used to identify the magnitude of changes required 
and, over what time scale, to achieve climate and 
environmental goals. Therefore, scenarios may enable 
the incorporation of novel elements and interven
tions, including individual and institutional responses 
to disruptive shifts toward sustainable futures. 
Indeed, Bai et al. (2016) argue that sustainability 
debates should focus less on the continuity of present 
pathways and be more inclusive of new possibilities. 
If this is so, then scenario building could be more 
inclusive of these new visions and opportunities, 
positive futures or utopias (c.f. Pereira et al. 2018), 
to prevent the present from colonizing the future 
(Scarano 2024).

Many storylines support plausible scenarios based 
on current global and regional trends (such as the 
IPCC and Shared Socioeconomic Pathways – SSP). 
Such storylines, which describe trends and alternative 
changes in societal aspects (i.e. demography, econ
omy, technology, social, governance and environ
ment), are used by the research and assessment 
communities and are usually aimed at being policy 
relevant (O’Neill et al. 2017). All pathways illustrate 
possible outcomes that depend on actions adopted in 
the present and/or setting targets to be met in the 
future. The SSP framework in particular was not 
developed to identify pathways for nature futures 
but rather for investigating climate change and land 
use impacts. While undesirable projections are 
understandably abundant, desirable ones are rarer 
and often limited in their discourses, producing 
restricted lines of thinking that are not open to the 
development of a transformational future. For exam
ple, four (out of five) SSP scenarios range from med
ium mitigation and adaptation challenges (SSP2) to 
fossil-fuel development (SSP5), and none of these 
four scenarios are likely to result in global society 
achieving sustainability by 2030. Only one SSP sce
nario (SSP1) promotes sustainable options and fol
lows the global storyline proposed by the Sustainable 
Development Goals (SDGs; O’Neill et al. 2017). 
However, the careful use of words such as ‘gradually’, 
‘slowly’ and ‘increasing’ in the SSP1 scenario narra
tive suggests that change will be incremental and may 
also struggle to achieve sustainability and climate 
goals by 2030. Essentially, SSP1 still falls within the 
range of ‘plausible’ rather than ‘transformative’ 

scenarios, so that none of the SSPs truly go beyond 
‘plausible’ changes. With these noted limitations of 
the SSP scenario framework, the NFF fills 
a significant gap as a tool to catalyze nature-centric 
scenarios that identify and model transformative 
changes to explore which options result in desirable 
nature futures. However, these SSPs can be used as 
a starting point to envision more nature-centric and 
nature-positive interventions, in parallel with other 
scenario approaches that explore different ways of 
managing nature, such as the Seeds of Good 
Anthropocene and the Manoa mashup, Half-Earth 
and Whole Earth, ‘bending the biodiversity curve’ 
and the ‘Entangled Time Tree’ (Büscher et al. 2017; 
Pereira et al. 2018; Leclère et al. 2020; Terry et al.  
2024). A key difference from nature-centric NFF is in 
moving beyond business-as-usual to incorporate 
transformative changes; this may require modeling 
different drivers or interventions than are typically 
included in SSP scenarios or developing new indica
tors that are able to assess the success of interventions 
at reversing declines in nature across a range of 
human-nature values (IPBES 2016; Palacios- 
Abrantes et al. 2022; Haga et al. 2023).

6. Conclusion

We recognize the urgency of generating new proposals to 
address current environmental, social and economic 
challenges such as those generated by the COVID-19 
pandemic and other extreme environmental events (e.g. 
devastating wildfires and floods). Innovative approaches 
and power balance are important for addressing environ
mental problems and filling gaps in scenario develop
ment to assess potential transformative changes that may 
be required to achieve sustainable futures for nature and 
people. Courses such as the SPSAS provide support for 
capacity building for scientists engaged in scenario build
ing. We argue that capacity building could enable those 
scientists to be more inclusive of different knowledge 
systems and embrace participatory approaches to sce
nario development to identify regional and global beha
vior that could lead to sustainable futures. Here, we 
deployed the concepts of social learning, knowledge co- 
production and conscientização to reflect on how scien
tists can generate innovative scenarios to address unfore
seen challenges. Our results indicate that increasing 
engagement with stakeholders (i.e. opportunities for 
social learning) and the inclusion of context specific 
knowledge can widen the possibilities not only for the 
development of legitimate normative scenarios but also 
for promoting conscientização while building those more 
grounded in observed trends (i.e. predictive scenarios). 
Now more than ever, society needs researchers com
mitted to building sustainable futures through collabora
tion, conscientização and communication.
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The abilities and attitudes described here cannot be 
under-emphasized, as they will address these more 
complex scenarios that bring together societal and nat
ural systems and integrate social-ecological complex
ities, feedback and cross-scale interactions, among 
others. Our study illustrates the benefits of training 
researchers who specialize in complex scenarios and 
models through holistic approaches while promoting 
interdisciplinary collaboration and, ultimately, knowl
edge co-production. Capacity building opportunities 
such as this help develop a critical awareness of power 
structures, taking into account the actors involved in 
the final decision, the assumptions that drive decisions 
and solutions, the benefits and burdens of this process, 
etc. Opportunities such as the one provided by the 
SPSAS course provide insight into how the co- 
production of knowledge through the recognition of 
different world views is crucial for building new holistic 
and complex scenarios needed to achieve sustainable 
futures.
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