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Abstract: Extensive anthropogenic activities driven by the demand for agriculture and forestry products have led to 
dramatic reductions in biodiversity worldwide and significant changes in the provisioning of ecosystem services. 
These trends are expected to continue in the future as the world continues to develop without much consideration 
of the role that nature plays in sustaining human livelihoods. Scenarios and models can be important tools to help 
policy- and decision-makers foresee the impact of their decisions; thus, increasing capacity in creating such models 
and scenarios is of utmost importance. However, postgraduate training schools that focus on this topic are still 
rare. Here we present and reflect on the experience of the São Paulo School of Advanced Science on Scenarios 
and Modelling on Biodiversity and Ecosystem Services to Support Human Well-Being (SPSAS Scenarios). In 
addition, we introduce the Special Issue of Biota Neotropica that resulted from the activities taking place during 
the SPSAS Scenarios. In total, nine case studies emerged from the activities carried out during SPSAS Scenarios. 
These focused on a variety of ecosystems, their current drivers of change and expected trends, as well as on the 
development of alternative positive scenarios applying the recently developed Nature Futures Framework. We 
emphasize the need to increase capacity in scenario and modelling skills in order to address some of the existing 
gaps in producing policy-relevant scenarios and models for biodiversity and ecosystem services. 
Keywords: Scenarios; Models; Biodiversity; Ecosystem Services; Nature Futures; IPBES.

Capacitando profissionais para o desenvolvimento de cenários e modelos em 
biodiversidade e serviços ecossistêmicos

Resumo: Atividades antropogênicas extensas, impulsionadas pela demanda por produtos da agricultura e da 
silvicultura, têm levado a reduções dramáticas na biodiversidade mundial e a mudanças significativas no provimento 
de serviços ecossistêmicos. Estas tendências devem continuar no futuro, pois o mundo continua a se desenvolver 
sem muita consideração pelo papel que a natureza desempenha em sustentar a subsistência humana. Cenários e 
modelos são ferramentas importantes para ajudar os tomadores de decisão a preverem o impacto de suas decisões, 
auxiliando na definição das melhores opções para políticas de conservação e uso sustentável; portanto o aumento 
da capacidade para o desenvolvimento de modelos e cenários é de suma importância. Entretanto, ainda são raros os 
cursos de pós-graduação que foquem na capacitação de profissionais para o desenvolvimento de modelos e cenários 
em biodiversidade e serviços ecossistêmicos. Neste trabalho apresentamos a experiência da Escola São Paulo de 
Ciências Avançadas de Cenários e Modelagem em Biodiversidade e Serviços Ecossistêmicos para Apoiar o Bem-
Estar Humano (SPSAS Scenarios). Adicionalmente, apresentamos neste Número Especial da Biota Neotropica 
os resultados dos exercícios de modelagem e cenários desenvolvidos no decorrer da SPSAS Scenarios. No total, 
as atividades realizadas durante o SPSAS Scenarios resultaram em nove estudos de caso. Estes se concentraram 
em uma diversidade de ecossistemas, nos atuais drivers de mudança e as respectivas tendências, bem como nas 
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Introduction
The recent publication of the Global Assessment Report on 

Biodiversity and Ecosystem Services by the Intergovernmental 
Platform for Biodiversity and Ecosystem Services (Díaz et al. 2020) 
has once again put the spotlight on the extensive impacts that human 
activities are having on our planet as a whole. Most of these changes 
are a response to the demand for agriculture and forestry products. For 
instance, it has been estimated that the world has seen a 300% increase 
in agricultural crop production since 1970, and about 45% increase in 
raw timber harvest (Díaz et al. 2020). This, however, comes at a high 
cost for the natural world. Alarmingly the assessment has also shown that 
biodiversity is declining at unprecedented rates, with an average loss of 
20% of the abundance of native species since 1900 in most habitats, and 
nearly 1 million animal and plant species now threatened with extinction 
(Díaz et al. 2020). Moreover, these socio-economically driven activities 
have contributed to climate change. Work led by the Intergovernmental 
Panel for Climate Change (IPCC) has been crucial in highlighting how 
anthropogenic activities are impacting, and will continue to impact, the 
Earth’s climate (IPCC 2019). It has been estimated that greenhouse gas 
(GHG) emissions have doubled since 1980, and the average temperature 
has risen by 0.7 degrees Celsius. Both the IPCC and IPBES emphasize 
that transformative change in the way the world is expected to develop 
is crucial to curb these trends and ensure we move towards a more 
sustainable future (Díaz et al. 2020). The recent and ongoing COVID-19 
pandemic has also helped understand the potential consequences for 
human well-being of continuing to develop as in the past.

In this regard, scenarios and models can play an important role in 
supporting decision- and policy-makers in envisioning different futures 
under alternative pathways (or assumptions) (IPBES 2016). These 
have long been used at multiple scales in supporting environmental 
assessments (Nicholson et al. 2019), but seem to have largely failed 
in steering decision- and policy-makers into developing strategies and 
mechanisms that can lead towards sustainable futures (IPBES 2016). 
Developing such scenarios and models requires an interdisciplinary 
view and an understanding of what drives change (both directly and 
indirectly), the policy levers and mechanisms that might impact such 
change and the dimensions/aspects of biodiversity and ecosystem 
services that might be impacted by it (Rosa et al. 2020). Importantly, 
scenario exercises to date have involved limited consideration of the 
fundamental role that nature plays in human societies worldwide 
(Cardinale et al. 2016) and of the importance of adopting a pluralistic 
perspective on human-nature interactions (Rosa et al. 2017).

Capacity building is a crucial requirement for the development of 
robust scenario analysis and modelling. However, despite the growing 
production and use of scenarios and models by scientists, policy-makers 
and practitioners from across disciplines, postgraduate training courses 
on biodiversity and ecosystem services scenarios and models are still rare. 

This paper has thus two main objectives: (1) to describe and reflect 
on the São Paulo School of Advanced Science on Scenarios and 
Modelling on Biodiversity and Ecosystem Services to Support Human 
Well-Being (SPSAS Scenarios); and (2) introduce this Special Issue of 
Biota Neotropica that was an outcome of the SPSAS Scenarios with 
nine papers emerging from the case studies developed and elaborated 
by the students during this capacity-building training course.

The Summer School

The São Paulo School of Advanced Science on Scenarios and 
Modelling on Biodiversity and Ecosystem Services to Support Human 
Well-Being (SPSAS Scenarios) took place in the city of São Pedro 
(about 150 km from São Paulo, Brazil) from the 1st to 14th of July 2019. 
Eighty-five participants from 21 nationalities and five continents - selected 
after a very competitive process, 4:1 - were immersed in this residential 
training course which took place over approximately 90 contact hours. 
In accordance with the course proposal, participants and speakers were 
hosted in a hotel. This venue provided not only space for the meetings, but 
also for ice-breaker activities and extensive opportunities for interactions 
among participants, during meals, in the swimming pool, at the bar and 
in the social gatherings organized as part of the course.

Participants were predominantly female (64%). Most of them 
(79%) were PhD students and the remaining 21% had completed their 
PhD between 2017 and 2019. Among the participants, five were public 
servants or from multilateral organizations, and were selected with 
the aim of not only training them to use new tools and approaches, 
but also to bring to the discussion real challenges experienced by 
decision-makers. Participants were from a wide range of backgrounds 
(Figure 1).

The topics covered by SPSAS Scenarios were divided in four main 
modules:

1.	 Ecosystem Services and Nature’s Contribution to People: the 
evolution of, and current debate around, these concepts, was 
presented and discussed.

2.	 Challenges in the Development of Scenarios and Models focusing 
on direct and indirect drivers in biodiversity and ecosystem 
services, as well as the conceptual bases of scenarios and models.

3.	 IPBES Assessment on Scenarios and Modeling where the main 
authors of this technical assessment presented and discussed 
their findings.

4.	 Scenarios and Modeling to Achieve Brazil’s Nationally 
Determined Contribution (NDC) in which some of the experts 
involved in establishing the Brazilian proposal to the Paris 
Climate Agreement presented and discussed how those goals 
were established.

alternativas de desenvolvimento visando cenários mais positivos propostos recentemente no contexto da Framework 
Futuros para Natureza da Plataforma Intergovernamental de Biodiversidade e Serviços Ecossistêmicos (IPBES). 
Enfatizamos aqui a necessidade de acelerar a capacitação de profissionais que trabalhem com cenários e modelagem 
de forma a preencher algumas lacunas existentes na produção de cenários e modelos relevantes para a tomada de 
decisão em biodiversidade e serviços ecossistêmicos
Palavras-chave: Cenários; Modelos; Biodiversidade; Serviços, Ecossistêmicos; Framework Futuros para Natureza; IPBES.
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After a general introduction to biodiversity and ecosystem services 
(Module 1), from Module 2 onwards the students were divided into nine 
groups for a series of exercises entitled “real experience of modelling 
and scenarios”. The topic of each group was suggested by the students 
themselves, further refined after a joint evaluation with the speakers. 
Each group then followed an organic process to develop their own 
case study alongside, and informed by, the lectures on the topics for 
the remainder of the SPSAS Scenarios. Their initial proposal for the 
case study was gradually refined in greater detail with the incorporation 
of new “layers” of knowledge from the speakers’ presentations. First 
students were asked to articulate the question(s) to be addressed in the 
case studies, and then they started building a conceptual model that 
described the key components of the systems that were being studied. 
Second, the relationships between these key components were described 
and the monetary and non-monetary values of each component were 
discussed, first within the group, and then with all other participants for 
feedback. Direct and indirect drivers affecting biodiversity, ecosystem 
services and valuation were then addressed. Third, the students were 
incentivised to review existing policies that might impact their case 
studies, indicators they could use to track progress towards policy 
goals, and to use their creativity to think about alternative scenarios that 
could lead towards more positive futures. Finally, following this step, 
the students began to use existing data and tools, where possible, to 
model the impact of conservation policies on the drivers, and potential 
outcomes of their envisioned scenarios.

This organic way in which the groups developed their case studies 
was made possible by the availability of speakers to stay in São Pedro 
for a longer period than that provided exclusively for theoretical 
classes. In this way the speakers could follow the maturation of each 
case study, contributing whenever necessary to the work of the groups. 
The groups could schedule tutorials with the speakers in order to derive 
maximum benefit from their knowledge and experience. During the final 
presentation of the case studies the organizing committee of SPSAS 
Scenarios, lecturers and students decided to further develop each study 
and submit it for publication in this Special Issue of Biota Neotropica.

On the final day of the SPSAS Scenarios participants took some 
time to answer a set of questions focused on the positive and negative 
aspects of the School. Here are some of the comments submitted, 
showing that for most participants it was a valuable experience: 

“I found the activities really innovative and interesting. It is important to 
recognize that in problem-solving situations comprising different interests 
there will always be conflicts and it is necessary for scientists to learn 
how to argue and defend our position in these situations, but also take 
into account the demands and needs of other sectors”; “Working in a case 
study with an interdisciplinary group was a real challenge and opportunity 
at the same time. We all learned a lot from each other’s background and 
perspective. Overall, it was a great and enriching experience to work 
with the development of conceptual models.”; “This course was a great 
opportunity to see how science and policy are connected. Given this 
experience, now I want to adapt my research and make it more suitable 
for policy makers, etc.”; and “The school provided an outstanding 
opportunity to improve my postdoctoral proposal, especially providing 
inputs to increase the scale and impact of my research. I believe applying 
the IPBES framework will be very important in the next few years and 
the School provided an excellent guide to do that”.

The Special Issue

The study cases developed during SPSAS Scenarios became the 
nine papers of this Special Issue and are listed below:

1.	 Drivers of change in biodiversity and ecosystem services in 
the Cantareira System Protected Area: a prospective analysis 
of the implementation of public policies (Dib et al., this issue).

2.	 Pathways to positive scenarios for the Amazon forest in Pará 
state, Brazil (Siqueira-Gay et al., this issue).

3.	 Urban expansion in the Atlantic Forest: applying the Nature 
Futures Framework to develop a conceptual model and future 
scenarios (Lembi et al., this issue).

4.	 A conceptual model to understand the drivers of change in 
tropical wetlands: a comparative assessment in India and Brazil 
(Sarkar et al., this issue).

5.	 A conceptual model to assess the impact of anthropogenic 
drivers on water-related ecosystem services in the Brazilian 
Cerrado (Resende et al., this issue).

6.	 Future scenarios of land-use-cover effects on pollination supply 
and demand in São Paulo State, Brazil (Barbosa et al., this issue)

7.	 Insights for policy-based conservation strategies for the Rio 
de la Plata Grasslands through IPBES framework (Gorosabel 
et al., this issue)

8.	 Development of a conceptual framework for the management 
of biodiversity and ecosystem services in the Mexican 
Caribbean (Sanchez-Quinto et al., this issue)

9.	 Scenario-modelling for the sustainable management of non-timber 
forest products in tropical regions (Bondé et al., this issue).

All nine studies addressed cases where increasing human 
pressure affects biodiversity and some vital ecosystem services, 
in a variety of different ecosystems. Human pressure often results 
from changing land use, such as in Siqueira-Gay et al., Lembi et 
al. and Barbosa et al., but also from increasing direct use of species 
(e.g. Shea trees) or pollution (Sarkar et al.). The aims of the various 
case studies were in general terms similar as they all focused on 
understanding the drivers of changes in biodiversity or ecosystem 
services and on developing pathways to shift current (negative) trends. 

Figure 1. Word cloud of the diversity of professional training and background 
of participants, based on the frequency of the appearance of words in the item 
of the registration form requesting this information.
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For example: “Thus, we aim at providing an understanding of the drivers 
of forest cover change in Pará state by applying the IPBES framework 
for proposing ways to shift current trends towards positive scenarios” 
(Siqueira-Gay et al. 2020) and “..., there is an urgent need to identify and 
understand the interactions between various drivers of change triggering 
wetland degradation and mantaining their ecological character for 
perpetual delivery of ecosystem services“ (Sarkar et al. 2020).

The papers emerging from this exercise at SPSAS Scenarios 
highlighted the breadth of topics that can be covered by scenarios and 
models of biodiversity and ecosystem services (Table 1). While most 
case studies were focused within Latin America and the Caribbean, 
the background and experiences of the participants resulted in one 
case study of sub-Saharan Africa, and one further case study involving 
a comparison of India and Brazil (Table 1). Moreover, case studies 
covered a diversity of ecosystems, including marine, aquatic, terrestrial 
and urban ecosystems. Within these broader categories, coastal 
ecosystem elements included mangroves and coral reefs, and terrestrial 
ecosystems including a diversity of habitats from tropical forest to 
savannahs, and grasslands to croplands (Table 1).

As briefly described above, once the research question was 
defined, the development of a model - i.e. a qualitative or quantitative 
description of key components of a system and of relationships 
between those components - began with a solid conceptual framework 
(Guisan & Zimmerman, 2000; IPBES, 2016) representing the 
understanding of that system. At first, the cases were formulated 
very broadly, thus the urge to formulate a conceptual model of the 
(eco)system central to the case studies helped the students to focus 
on the main issues (and the main components of the system that 
impact that issue), avoiding them getting lost in details. In particular, 
first, the key components were defined (Table 1) including the 
link between these key components, which was often represented 
visually by boxes with connecting arrows (Jackson et al., 2000). 
Key components varied greatly between case studies, such as water 
quality and quantity determining water health (Sarkar et al., 2020); 
forest cover change determined by urban expansion (Siqueira-Gay et 
al., 2020); and Shea tree cover and its harvest (Bondé et al., 2020). 
These key components provided the foundation on which to further 
build the complete conceptual model, as many influencing factors 
often play a role in determining changes in the key components. 

Challenges remained in delineating the system that is considered in the 
case studies, by defining boundary elements, and in keeping the conceptual 
model as parsimonious as possible, which required an iterative process 
of discussions within the modelling team (and more broadly with the 
other participants and teachers), consulting experts and reviewing 
literature (Jackson et al. 2000). In all case studies the conceptual 
modelling involved the formulation of a (semi-)quantitative model, 
enabling the evaluation of multiple scenarios.

The models represented in the nine case studies highlighted some 
of the most common drivers of biodiversity and ecosystem services. 
For instance, IPBES has identified (1) changes in land and sea use; (2) 
direct exploitation of organisms; (3) climate change; (4) pollution and 
(5) invasive alien species (Díaz et al., 2020) as the five most important 
direct drivers of change. These were commonly included in the case 
studies, such as for example in  Siqueira-Gay et al. (2020), where the 
socio-ecological system of forest cover change in the Amazon was 
investigated; or in Barbosa et al. (2020) when evaluating pollination 
service changes in Brazil; or even in Estigarribia et al. (2020) when 
analysing changes in biodiversity in the grasslands of South America. 
Additionally, indirect drivers commonly identified independently of 
the geographic location of the case study were population pressure, 
economic growth and international demand, governance, and policy 
changes, such as for example in the case of Dib et al. (2020) for the 
Cantareira system in Brazil; or in Sarkar et al. (2020) for the wetlands 
of Brazil and India; or in Lembi et al. (2020) when analysing urban 
expansion in the Atlantic Forest; and in Bondé et al. (2020) for the shea 
trees in West Africa.

To monitor changes in these drivers, and their consequent impacts 
on the focal component of the case study, several indicators have been 
identified and proposed within the case studies. Some of the more 
commonly proposed indicators were (1) the extent of land use change 
(e.g. urban expansion in Lembi et al. [2020], forest cover change in  
Siqueira-Gay et al. [2020], or wetland extension in Sarkar et al. [2020]); 
(2) biodiversity change, assessed either as the number of species 
or local species richness (e.g., Siqueira-Gay et al. [2020]) or as the 
mean species abundance (e.g. Sanchez-Quinto et al. [2020]); and (3) 
ecosystem services change, such as was the case in Sanchez-Quinto et al. 
(2020) for a variety of provisioning, regulating, supporting and cultural 
services; and in Verde Selva et al. (2020) for water quality and quantity. 

Table 1. Geographic, ecosystem and thematic focus of the papers in the Special Issue

Paper Country(ies) Ecosystem Focal point
Sarkar et al. India and Brazil Wetlands Wetland Health (water quality and quantity)
Siqueira-Gay et al. Brazil Amazon forest Forest Cover Change (deforestation)
Verde Selva et al. Brazil Cerrado (savannah) Water quality and quantity
Dib et al. Brazil Cantareira system 

(protected area)
Biodiversity (MSA), Sediment loss, Soil loss and 
Forest Cover Change

Lembi et al. Brazil Urban areas  Urban expansion
Barbosa et al. Brazil Croplands Pollination and Crop production
Sanchez-Quinto et al. Mexican Caribbean Coastal and Marine Biodiversity (Mangrove and Coral Reef MSA)
Estigarribia et al. Rio de la Plata (Argentina, Uruguay and Brazil) Grasslands Biodiversity and Ecosystem function
Bondé al. sub-Saharan Africa Shea trees Tree cover
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Identifying the drivers and the indicators is a crucial step to then think 
about scenarios (and associated assumptions) creatively that can 
drive the system towards more positive trends. In some cases, the 
groups were able to use existing tools and data to derive quantitative 
estimates of changes in their focal components as a result of their 
envisioned scenarios. For instance, Sanchez-Quinto et al. (2020) 
used GLOBIO3 (Alkemade et al. 2009) to project changes in the 
mean species abundance of mangroves and proposed a modification 
to suit the analysis for coral reefs as well. Barbosa et al. (2020) used 
the OTIMIZAGRO model (Soares-Filho et al., 2013) in combination 
with an ecosystem services matrix approach (Burkhard et al., 2009) 
to estimate changes in pollination services. Dib et al. (2020) used 
InVEST 3.7.0 (Hamel et al. 2015) to determine changes in the 
Sediment Delivery Ratio (SDR).

An important advancement in global biodiversity scenarios, 
catalysed by the IPBES Scenarios and Models Expert Group, is the 
development of the Nature Futures Framework (NFF) (Pereira et al. 
in press). SPSAS Scenarios provided the opportunity to introduce 
this novel scenarios framework to the next generation of biodiversity 
scenario experts, and to determine if it could be applied across a diversity 
of case studies, primarily reflecting nature and nature’s contributions 
to people in the global south.

The NFF emerged from a future visioning exercise with a diverse 
group of stakeholders from around the world, where multiple knowledge 
systems were brought together to imagine what the future could be for 
nature and nature’s contributions to people (Lundquist et al., 2017; 
Pereira et al., in press). The NFF is underpinned by the multitude of 
ways that humans value, experience and perceive nature and the benefits 
that it provides to society (Díaz et al., 2015; O’Neill et al., 2008). The 
NFF can be associated with three broad suites of values which people 
place on nature: intrinsic, instrumental and relational (Pascual et al., 
2017). In “Nature for Nature” people value nature for its intrinsic and 
existence values, and the preservation of nature’s diversity and functions 
is of primary importance. In “Nature for Society” nature is viewed as a 
provider of direct and indirect benefits to society, where humans benefit 
from the instrumental values that nature provides. Finally, “Nature as 
Culture” views humans as an integral part of natural systems, where 
societies, cultures, traditions and faiths are intricately intertwined 
with nature, and relational values such as those that reflect cultural 
identities, mental health and ways of life are dominant (Schoolenberg 
et al., 2018). This concept of people living in harmony with nature 
is not exclusive to indigenous worldviews, for example, the wider 
movement to help urban and rural communities to reconnect with 
nature to optimize the benefits of nature for mental health and human 
well-being (Chan et al., 2016).

At SPSAS Scenarios, students were asked to consider how future 
scenarios would differ for their particular case study if the imagined 
future was designed to maximise a particular NFF value perspective 
(Nature for Nature, Nature for Society, or Nature as Culture). 
Students discussed how the direct and indirect drivers in their case 
study influenced each of the value perspectives, which policy or 
management interventions could be used to maximise the nature 
perspectives, and which biological, ecological, cultural and socioeconomic 
indicators could be used to assess ‘success’ for each nature perspective. 

Two of the perspectives were typically easy for students to envision: 
Nature for Nature, reflecting common goals of conservation movements, 
the use of management tools such as protected areas, and biodiversity 
indicators such as species richness and threatened species; and Nature 
for Society, with many conceptual models focussed around the 
production of food, wood or other natural resources, water regulation, 
or carbon sequestration. In contrast, the concept of Nature as Culture 
provided for diverse discussions; many case studies had indigenous 
communities as integral components of their conceptual model, allowing 
them to envision how indicators of success for this nature perspective 
were often quite different from many of the typical metrics utilised by 
biodiversity scenarios. Several of the papers in the Special Issue make 
use of the NFF, such as for example Dib et al. (2020), Lembi et al. 
(2020), Sarkar et al. (2020), Siqueira-Gay et al. (2020), and Verde-Selva 
et al. (2020), thus illustrating its flexibility to be applied to multiple 
ecosystems at a variety of spatial scales.

Conclusions

As the world still struggles to handle the ongoing COVID-19 
pandemic, it has become ever more important to inspire transformative 
changes to our current lifestyles, and to steer policy- and decision-
makers towards envisioning a future for our planet that can be both 
sustainable and economically prosperous. Current scenarios, however, 
still fail to do so (Rosa et al., 2020), but the emergence of the NFF 
(Pereira et al., in press) is a positive shift towards a more inclusive 
and pluralistic approach to scenario development. This is a crucial 
first step that can be then followed by implementation of qualitative 
and quantitative approaches that aim to translate such scenarios 
into projections of impacts on biodiversity, ecosystem services, and 
ultimately human well-being. With the experience of SPSAS Scenarios 
and the variety of case studies addressed in the resulting Special Issue, 
we have shown the potential of increasing capacity in scenario and 
modeling training, and the flexibility that the NFF offers to address 
quite distinct case studies. It is our hope that with this kind of training 
activity, and the widespread adoption of the NFF, the knowledge and 
critical thinking of positive scenario development can be spread across 
institutions. This can, in turn, lead to innovative modeling approaches, 
thereby collectively helping to deliver transformative changes and more 
evidence-based policy- and decision-making.
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