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Abstract: The development of strategies that conciliate anthropogenic activities with nature conservation is
becoming increasingly urgent, particularly in regions facing rapid conversion of native vegetation to agriculture.
Conceptual modelling enables assessment of how anthropogenic drivers (e.g. land use/land cover change and
climate change) modify natural processes, being a useful tool to support strategic decision-making. The present
work describes a conceptual model to evaluate water-related ecosystem service provision under different land use
scenarios in the Matopiba region of the Brazilian Cerrado, the world’s most biodiverse savanna and an agricultural
frontier. Model variables were determined (direct drivers, indirect drivers, focal components and responses) and
the Nature Futures Framework was consulted to incorporate socio-ecological components and feedbacks. Future
scenarios were developed considering potential trajectories of drivers and governance responses that may impact
land use in the region, including the possibility of full compliance with Forest Code and implementation of the Soy
Moratorium in the region. The conceptual model and scenarios developed in the present study may be useful to
improve understanding of the complex interactions among anthropogenic drivers, water-related ecosystem services
and their potential repercussions for natural and social systems of the region. Governance decisions will be critical
to maintaining the ecosystems of the region, the services it provides and the culture and tradition of the people
historically embedded in the landscape. In acknowledgment of humanity’s dependence on nature, the importance of
inverting the way scenarios are used is highlighted. Rather than using scenarios to measure the impacts of different
policy options on nature, scenarios representing the desired outcomes for biodiversity and ecosystem services can
be used to inform how policies can guarantee ecosystem integrity into the future.

Keywords: Nature's contributions to people; alternative scenarios; Nature Futures Framework; science-based
policy, neotropical savanna; Forest Code; Soy Moratorium,; Matopiba region.
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Um modelo conceitual para avaliar o impacto de fatores antropogénicos nos servicos
ecossistémicos relacionados a agua no Cerrado

Resumo: O desenvolvimento de estratégias que conciliem atividades antropogénicas com a conservagio da natureza
tem se tornado cada vez mais urgente, principalmente em regides que enfrentam uma rapida conversdo da vegetagéo
nativa em agricultura. Modelos conceituais permitem avaliar como fatores antropogénicos (por exemplo, mudanga
de uso e cobertura do solo e mudancas climaticas) modificam os processos naturais, sendo uma ferramenta util para
apoiar a tomada de decisdes estratégicas. O presente trabalho descreve um modelo conceitual para avaliar a provisdo de
servicos ecossistémicos relacionados a agua sob diferentes cenarios de uso do solo na regido de Matopiba, no Cerrado,
a savana com maior biodiversidade do mundo e uma fronteira agricola. Foram determinadas as varidveis do modelo
(fatores diretos, fatores indiretos, componentes focais e respostas) e o Nature Futures Framework foi consultado
para incorporar componentes socioecondmicos e feedbacks. Cendrios futuros foram desenvolvidos considerando
possiveis trajetorias de fatores antropogénicos e respostas de governanga que podem impactar o uso do solo na regido,
incluindo a possibilidade de cumprimento total do Cédigo Florestal e aimplementagao da Moratoria da Soja na regido.
O modelo conceitual e os cenarios apresentados no presente trabalho podem ser uteis para melhorar a compreensao
das complexas interagdes entre fatores antropogénicos, servigos ecossistémicos relacionados a agua e suas possiveis
implicagdes para os sistemas naturais e sociais da regido. Decisoes de governanga serdo criticas para manter os
ecossistemas da regido, os servicos fornecidos por eles, a cultura e tradi¢ao das pessoas historicamente inseridas na
paisagem. Em reconhecimento da dependéncia da humanidade em relagdo a natureza, destaca-se a importancia de
inverter a maneira como os cenarios sao usualmente usados. Em vez de mensurar os impactos de diferentes politicas
na natureza, cendrios representando os resultados desejados para biodiversidade e servigos ecossistémicos podem ser
usados para informar como politicas podem garantir a integridade dos ecossistemas no futuro.

Palavras-chave: Contribuicoes da natureza para as pessoas; cenarios alternativos, Nature Futures Framework;

politica baseada na ciéncia; savana neotropical; Codigo Florestal; Moratoria da soja; Matopiba.

Introduction

Human activity has degraded over 75% of Earth’s land surface,
driving species extinction, intensifying climate change and undermining
the well-being of two fifths of humanity (Scholes et al. 2018). In 2010,
land degradation cost the equivalent of about 10% of the world’s annual
gross product through the loss of biodiversity and benefits provided
by nature (Scholes et al. 2018). Therefore, one of the main challenges
nowadays is to continue producing materials to support human systems,
while maintaining the functionality of the global ecosystems and the
provision of ecosystem services (i.e. the benefits that humans receive
from nature that are essential for human activity and well-being;
MEA 2005).

Ecosystem services include the availability of freshwater, which is
finite in time and space and can be impacted by anthropogenic activities.
Land use/land cover change (LULC) has negative impacts on water-
related ecosystem service provision (Spera et al. 2016). LULC and the
additional impacts of climate change make access to water one of the
main challenges of the 21st century (U. N. General Assembly 2015).
Many regions around the world are already facing water scarcity, while
the demand for water resources is increasing (Veldkamp et al. 2017).

Brazil has 12% of the planet’s freshwater reserves, most of the
world’s rainforests and an estimated 20% of global biodiversity (FAO
2015, Brasil 2017, 2018). This wealth of Brazilian natural capital brings
great responsibilities as changes occurring within its territory can affect
local, regional and global environmental equilibrium (Loyola 2014,
Levis et al. 2020). Agriculture is one of the sectors that most impacts
this natural capital and also the strongest sector of the Brazilian economy
(Almagro et al. 2017). Demand for agricultural land is one of the main
pressures contributing to land degradation and the loss of biodiversity
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and ecosystem services in Brazil (Bustamante et al. 2019). In addition,
agricultural irrigation accounts for 67% of freshwater consumption,
with irrigated area covering almost 7 Mha and expected to increase
(Brasil 2018).

Much agricultural expansion is occurring in the Cerrado region, the
second most extensive biome in South America and the most biodiverse
Neotropical savanna in the world (Sano et al. 2010). The area destined
to agriculture in the Cerrado nearly tripled between 2000 and 2016
(Mansur 2017). Despite being a biodiversity hotspot, the Cerrado has
already lost 46% of its coverage (Strassburg et al. 2017). Only 7% of
what remains is under environmental protection, leaving approximately
40% of remaining native vegetation available for legal deforestation
(Soares-Filho et al. 2014; Strassburg et al. 2017). Agricultural expansion
impacts biodiversity and ecosystem services provided by the Cerrado
ecosystems and draws attention to the need to implement efficient and
well-planned conservation actions (Vieira et al. 2018, Resende et al.
2019).

The region of the Cerrado known as the Matopiba should be
prioritised for the safeguarding of biodiversity and ecosystems services.
Despite containing the largest continuous area of native vegetation of the
entire Cerrado (Miranda et al. 2014), the Matopiba region has emerged
as a centre of agricultural expansion and deforestation in recent decades
(Sano et al. 2019, Zalles et al. 2019). Between 2002 and 2014, about
68% of the expansion occurred by suppressing native vegetation (Garcia
& Filho 2018). In 2017 the region was responsible for 11% of Brazil’s
soy production and as agricultural expansion is predicted to continue,
demand for water in the Matopiba is expected to increase considerably
(Ferrarini etal. 2019, de Barros & Stege 2019). Water scarcity is already
a problem in this region and is expected to worsen as environmental
conditions become warmer and drier according to climate projections
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(Brasil 2018). Feedbacks between land use/land cover and climate
change could also affect rainfall amounts and patterns, threatening
the sustainability of agricultural production (Spera et al. 2016) and
intensifying social conflicts over land and water.

Maintaining biodiversity and ecosystem services into the long term
poses a great challenge. Policy responses to this challenge at the local and
global scale may benefit from the use of integrated models that describe
the drivers of change and their impacts on natural resources (Janse et al.
2015). Understanding and modelling the drivers of change, pressures
and their dynamic links with biodiversity, ecosystem services and human
well-being is thus essential to integrate science, society and stakeholders
(Diaz et al. 2015). Models may aid the development of well-informed,
science-based policies that explicitly consider biodiversity and ecosystem
services, by evaluating alternative scenarios of policy options and their
consequences for socio-ecological systems (Janse et al. 2015). Research
to improve the sophistication of scenario modelling is necessary to the
advancement of environmental policy that is capable of guaranteeing
biodiversity and ecosystem services into the future.

Using the Matopiba region of Brazil as a case study this article has
two main aims: i) to describe the development of a conceptual model
that shows how anthropogenic drivers impact water-related ecosystem
services, and ii) to develop future scenarios that consider the main
governance options relevant to the study area. In order to develop this
conceptual model and determine possible future scenarios, a Nature
Futures Framework approach was used, considering values associated
with water-related ecosystem services that encompass social (e.g.
economic and utilitarian), cultural (e.g. traditional and Indigenous
identities) and intrinsic values. These three ways of distinguishing the

Figure 1. Location of the Matopiba region.
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value of nature reflect the multiple ways that water-related ecosystem
services can be understood and valued by diverse stakeholders in the
Matopiba region. Whilst no actual modelling was undertaken in this
study, the conceptual model and future scenarios presented here may be
used to guide future studies that aim at scenario modelling in the region.

Material and Methods

1. Study Area

The study focused on the Matopiba region in the northern part of the
Brazilian Cerrado that encompasses portions of the states of Maranhao,
Tocantins, Piaui and Bahia (Miranda et al. 2014; Figure 1). The region covers
approximately 73 million hectares (~8% of the Brazilian territory) originally
composed by different types of vegetation, including grassland, shrubland,
savanna and forest ecosystems (Miranda et al. 2014). Approximately 17%
of the Matopiba is covered by protected areas, including those set for
strict protection (IUCN categories I to III), sustainable use (IV to VI) and
Indigenous lands (Embrapa 2015). The region’s average annual temperature
is above 25 °C with an annual rainfall of between 1000mm and 1900mm
(Alvares et al. 2013). In recent years the native vegetation of the Matopiba
has been rapidly converted to agricultural activities (Figure 2), mainly
mechanised soybean plantation (e.g. soy production in the region increased
by 253% between 2000 and 2014; Carneiro & Costa 2016). Following this
trend, Matopiba has become one of the last large-scale agricultural frontiers
in the world (OECD/FAO 2015). In the coming decade Brazil is expected
to become the world’s largest producer of soybean (Cattelan & Dall’ Agnol
2018) and agricultural expansion in the Matopiba is expected to continue at
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Figure 2. Land use/land cover changes in the Matopiba region over recent decades. Native vegetation includes remnants of forest, savanna and grassland ecosystems,

while altered environments include mainly pasture and agricultural areas.

arapid pace due to land availability, land costs, high productivity potential
and continued demand for this commodity.

2. Drawing a conceptual model

A conceptual model of a social-ecological system can be defined
as ‘a concise summary in words or pictures of relationships between
people and nature’ (Diaz et al. 2015, p3). Models integrate key social
and ecological components, and represent, in a simplified way, the
interrelations between components. Drawing a conceptual model can
be used to identify the primary components of interest within a system
and the interrelationships that occur between those components, with
the intention of identifying how changes in drivers may impact other
components of the system (Diaz et al. 2015).

The conceptual model for the Matopiba region was developed
following the guidance of prominent researchers during the scientific
course “Sdo Paulo School of Advanced Science on Scenarios and
Modelling on Biodiversity and Ecosystem Services to Support Human
Well-Being”, which was held in Sado Pedro, Sao Paulo, Brazil, during
two weeks in July/2019. These researchers presented different types
of conceptual frameworks, scenarios and models associated with
biodiversity, ecosystem services and human well-being that informed the
construction of the model presented in this study. Throughout the event,
findings were presented to all participants (~90 early-career researchers
from different countries, cultures, and theoretical backgrounds) and
ideas and suggestions were shared to improve our approach. Instructions
and feedback were complemented by the authors’ knowledge about the
Matopiba region and literature review.

The focus of the conceptual model (presented in the results
section) developed in this study was to assess the impact of agricultural
expansion on nature, mainly on water-related ecosystem services and
biodiversity. The development of the approach considered indirect
drivers (i.e. underlying causes of change that are generated outside the
ecosystem in question; Diaz et al. 2015); direct drivers (i.e. natural or
anthropogenic factors that affect nature directly; Diaz et al. 2015); focal

http://www.scielo.br/bn

components (i.e. the main components of the system that are selected
in order to measure the effects of changing drivers); and responses
(i.e. the outcomes caused by the changes in the focal components).
The links between each variable, including feedbacks among them,
were investigated.

3. Incorporating the Nature Futures Framework

The Nature Futures Framework was used to identify how water-
related ecosystem services could be valued according to nature
perspectives, which reflect how different actors may perceive and
relate to nature. The Nature Futures Framework was developed by
the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) and considers the different values and
relationships that people have with nature, including cross-scale
dynamics and socio-ecological feedbacks (Lundquist et al. 2017).
The framework provides a methodology to incorporate different ways
of valuing nature into decision-making (Schoolenberg et al. 2018).
The nature for nature lens recognises the value of the preservation of
nature’s processes and the intrinsic value of natural systems, without
human intervention. Through the perspective of nature for people, the
value of nature is connected to the utilitarian functions of ecosystems.
The nature as culture perspective recognises the integration of human
and natural systems, in which humans are an integral part of nature
and its functions.

4. Future scenario development

Exploratory scenarios were developed aiming to examine a range
of potential trajectories of direct drivers for the Matopiba region (e.g.
IPBES 2016). Specifically, alternative future scenarios were proposed,
focusing on variations in the implementation of environmental policies
(i.e. Forest Code, Soy Moratorium, management of protected areas/
Indigenous lands) and international demand for soybeans, as presented
below and summarised in Table 1. These components were included
in the scenarios because they contribute to determine future LULC
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in the Matopiba region. Actual modelling was beyond the scope of
this study, nonetheless these scenarios were useful to explore possible
implications of political decisions for multiple socio-ecological
variables. All five scenarios considered that climate change would
occur following a unique climate change projection (e.g. the most
probable climate change scenario based on current predictions;
IPCC 2014). Using the same climate change projection maintains
comparability among the five proposed scenarios and isolates the
influence of LULC. Thus, five alternative future scenarios were
proposed:

1) Business as usual scenario: considers that policies and other
drivers of change that influence LULC in the region would not
be changed and agriculture would continue to expand at current
trends. This scenario considers that part of agricultural expansion
implies illegal deforestation, in accordance with current rates and
patterns. Indeed, compared to other regions such as the Amazon,
environmental regulations in the Matopiba are less strict with
fewer policies to prevent and monitor environmental degradation
(Calmon 2017).

2) Forest Code scenario: considers that agricultural expansion
will continue to occur, but in compliance with the Forest Code
(formally recognised as the Native Vegetation Protection Law; Law
n°® 12651/2012), the main piece of Brazilian environmental legislation
that guides LULC on private rural properties (Brancalion et al. 2016).
The Forest Code defines the areas within private rural properties in
which native vegetation must be maintained or restored: the Permanent
Preservation Area (PPA) and the Legal Reserve (LR). PPA is comprised
mainly of the margins of watercourses and areas with steep slopes and
hilltops, aiming to conserve water resources and maintain geological
stability within rural properties. The LR is an area within a rural
property aimed at ensuring the sustainable use of natural resources,
the conservation and rehabilitation of ecological processes, and the
conservation of biodiversity. In the Matopiba region, landowners
are obliged to set aside 20-35% of their property as LR (the highest
percentage valid for properties that occur within the boundary of the
Legal Amazon; Zakia & Pinto 2013). This scenario considers that
PPA and LR in the Matopiba region would be properly maintained in

Table 1. Description of the five alternative scenarios.

accordance with the Forest Code. As a consequence, there will be no
illegal deforestation, but still 40% of the native vegetation could be
legally converted to agriculture (Soares-Filho et al. 2014).

3) Soy Moratorium scenario: considers that the Soy Moratorium
would be implemented in the region, thus avoiding the conversion of
native vegetation into soybean plantations. The Soy Moratorium is a
zero-deforestation voluntary agreement signed by major players in the
soybean production chain and implemented in the Brazilian Amazon
(Gibbs et al. 2015). Several studies have shown that the Soy Moratorium
has been effective in preventing conversion of native vegetation to
soybean fields in the Amazon (Nepstad et al. 2014, Kastens et al.
2017, Gollnow et al. 2018). However, leakage to the Cerrado region
may have occurred (Latawiec et al. 2015). Implementing the Soy
Moratorium in the Cerrado would be particularly significant to prevent
further deforestation in the Matopiba, as approximately 40% of soybean
expansion in this region so far has occurred over native vegetation areas
(Gibbs et al. 2015).

4) Utopia scenario: considers that global consumption of agricultural
commodities will no longer increase (Schneider et al. 2010). Therefore,
agricultural area would not expand in the Matopiba. In addition, Forest
Code will be properly enforced and the network of protected areas
would be expanded to 50% of the Matopiba’s area, following the Half-
Earth project proposal (Wilson 2016). Protected areas are effective
in preventing deforestation and have a major role in protecting the
remaining natural vegetation in the Cerrado (Carranza et al. 2014, Paiva
et al. 2015, Brum et al. 2019). This scenario is based on the concepts
discussed by Scarano (2019) about “deep” sustainability, which is
characterised by “a world where people and nature live in full harmony
by considering both long and short-term perspectives” (Scarano 2019,
p- 53). Whilst this scenario represents a future that diverges from much
current experience, it is important to identify the kind of future that
humanity should strive for and the different pathways to achieve that
future (Rosa et al. 2017).

5) Agribusiness scenario: considers a softening of national
environmental policies according to bills presented by the current federal
government. It considers the approval of bill n. 2362/19, which removes
the requirement for LR within all private properties in Brazil (see

Forest Code
scenario

Business as usual
scenario

Soy Moratorium
scenario

Utopia
scenario

Agribusiness
scenario

No changes in

Forest Code
current enforcement

Full enforcement

Full enforcement,
however extinction of
Legal Reserves

Full enforcement Full enforcement

Soy Moratorium

Protected areas/
Indigenous
lands

Agriculture

International
demand for
soybeans

No implementation

No changes in the
current coverage and
management

Agricultural
expansion under
current trends

Increasing demand,
following the current
trends

No implementation

No changes in the
current coverage and
management

Agricultural
expansion in
accordance with the
Forest Code

Increasing demand,
following the current
trends

Implementation Not applicable No implementation
No changes in the Expansion of PA/ Legal permission to
current coverage and IL to 50% of the expand agriculture

management

Agricultural expansion
in accordance with the
Forest Code and Soy
Moratorium

Increasing demand,
following the current
trends

region’s area

No further
expansion of
agricultural areas

No changes in the
current demand

inside Indigenous land

Strong agricultural
expansion due
to weakening of
environmental policy

Increasing demand,
following the current
trends
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Metzger etal. 2019). In addition, this scenario considers that protections
for Indigenous lands would be modified to allow the legal expansion
of agriculture within Indigenous lands, considered in bill n. 191/20.

Results

1. The conceptual model

The conceptual model is presented in Figure 3. The focal components
selected were water quality and quantity, a choice that reflects the critical
role that water-related ecosystem services play in the development
of the study region (Garcia & Filho 2018). The model includes three
indirect drivers (commodity market, governance and technology)
which affect the direct drivers (climate change and LULC). Commodity
markets generate pressure on natural systems through the demand for
primary resources, fostering or discouraging agricultural expansion
(Marques et al. 2019). Governance (i.e. trends in the implementation
and enforcement of regulation and legislation including the Forest Code,
Soy Moratorium and establishment or degazetting of protected areas)
can either intensify climate change and LULC or promote conservation
through land protection and regulation of land use. Technological
advancements might foster the transition from small-scale agriculture
to mechanised agriculture, requiring the use of great extensions of land,
along with the implementation of irrigation systems and the intensive
use of pesticides and agrochemicals. Conversely, technological advances
in agriculture can create the sustainable intensification of agriculture,
increasing productivity such that pressure for expansion is eradicated
(Latawiec et al. 2015).

Feedbacks among climate change and LULC were identified in the
conceptual model. Climate projections for the region show a trend for
increased mean temperature, decreased daily and annual precipitation
and lower atmospheric humidity, leading to even dryer conditions and,

in the long term, desertification (Marengo & Bernasconi 2014). These
expected changes can lead to the unsuitability of areas for growing
crops, displacing agricultural expansion in response to the changing
climate (FAO 2016). Moreover, as the conversion of native Cerrado
vegetation by agriculture decreases the water balance, LULC might
affect precipitation in the region (e.g. Spera et al. 2016). LULC also
modifies carbon stocks in vegetation and soil, contributing to climate
change. Climate change and LULC in turn affect water quality and
water quantity, the model’s focal components (Nobre et al. 2020).
These changes might negatively affect agricultural production, water
catchment runoff and ecosystem services (Marengo & Bernasconi 2014).

Climate change can affect water quality and quantity in several ways,
including increased temperatures, seasonal variability of precipitation,
and evapotranspiration or decreased annual rainfall (Sun et al. 2008;
Carpenter et al. 2011; Nunes et al. 2017). Higher water temperatures
and less precipitation can lead to a reduction in water yield, especially
during low flow seasons, thus affecting the timing and inflow of water
to reservoirs (De Lucena et al. 2009; Bangash et al. 2013; Neupane et al.
2015; Van Vliet et al. 2016). Seasonal changes in precipitation can lead
to greater erosion and nutrient export, thus causing siltation of reservoirs
(Nunes et al. 2017). Increased nutrient loading and warmer water
temperatures, can favour the proliferation of blooms of cyanobacteria
(Paerl & Paul 2012; Bonilla et al. 2016) and threaten the persistence of
aquatic organisms due to less dissolved oxygen and increased pollutant
load (Carpenter et al. 2011). As a result, the provision of drinking and
irrigation water, habitat for biodiversity, and hydropower generation
can be hampered by changes in water quality and quantity caused by
the adverse effects of climate change. The impairment of freshwater
resources can cause local land conflicts by emphasising inequalities and
forcing migration (Reuveny et al. 2007; Scheffran & Battaglini 2011).

LULC might also have several consequences on water
quality and quantity (Vitousek 1997; Marques et al. 2019). For

Figure 3. Conceptual model describing the focal components, drivers, and responses related to water quality and quantity in the Matopiba region of Brazil. Arrows
represent possible relationships among variables. Feedback relationships are represented by orange arrows.
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example, the conversion of natural habitats to agriculture might
alter the patterns of evapotranspiration, runoff and groundwater
recharge (Sun et al. 2008; Carpenter et al. 2011; Nunes et al. 2017).
Fertilisers and other agrochemicals are sources of nutrients and other
pollutants; therefore, soil erosion and runoff contribute to exporting them
to water (Schilling et al. 2008). Nutrient enrichment from agricultural
sources can favour the proliferation of cyanobacterial blooms, affecting
domestic water consumption and aquatic biodiversity (Paerl & Otten
2013; Doubek et al. 2015). In addition, LULC might be associated with
the increased water demand for irrigation and hydropower generation,
which is met through increased diversions and impoundments (Vitousek et
al. 1997). Expansion of crops can also push smallholders and Indigenous
and traditional communities to marginal lands with scarce resources,
which can lead to conflicts and disputes (Mbonile 2005; Sauer 2018).

Therefore, the two direct drivers (LULC and climate change) can
drive reductions in water quality and quantity, affecting water potability
and aquatic biodiversity and potentially causing conflicts related to
the availability of clean water. Changes in water quantity might also
affect water quality. Changes in both parameters (water quality and
quantity) may impact human activities (i.e. hydropower, agricultural
and domestic water consumption), biodiversity and land conflicts, which
were identified as responses in the conceptual model.

2. The Nature Futures Framework perspective

Considering that the region encompasses different types of social
groups, including Indigenous and traditional communities, smallholder
family farmers and more recently large-scale agribusiness farmers, the
potential values associated with a healthy hydric system could vary a
lot. Thus, different values could be associated with the water-related
ecosystem services included in the conceptual model (Figure 4). In
terms of the utilitarian perspective of nature for society, water-related
ecosystem services can be valued for the energy offered through
hydropower, water for agricultural irrigation and domestic use and
the tourism opportunities provided by the river system. When viewing
nature as having intrinsic value through the nature for nature lens, the

important aspects include the maintenance of ecosystem function and
biodiversity and the regulation of the water cycle. Nature as culture
provides a perspective in which water quality and quantity can be valued
as providing opportunities for learning and inspiration, maintaining
culturally important species and supporting the identities of people
with a long history in the region. Clashes in ways of understanding and
valuing nature by actors coexisting and utilising the same land, coupled
with unequal access to resources can lead to conflict for land and water.

3. Predicted outcomes of future scenarios

The five scenarios proposed in the present study could generate
remarkably different outcomes in terms of the rate of agricultural
expansion, water quality and quantity, land and water conflicts and
biodiversity. Whilst performing scenario modelling was not within the
scope of this article, it was possible to predict results that may arise
from each scenario based on a literature review and authors’ knowledge
of Brazilian environmental policies. The predicted outcomes of each
scenario are described below and trends summarised in Figure 5.

In the “Business as usual” scenario, the increased demand for
water and runoff of agricultural inputs could impair biodiversity and
the provision of water-related ecosystem services. It is expected that
poor compliance with the Forest Code would result in high levels of
deforestation (Roriz et al. 2017, Soterroni et al. 2018). Soterroni and
colleagues (2018) suggested that weak enforcement of the Forest Code
in Brazil would result in deforestation rates similar to those of a scenario
without this mechanism in place. Agricultural expansion in the Matopiba
region would lead to high erosion rates, which, beyond impacting on
river systems, can affect agricultural productivity (Gomes et al. 2019).
Agricultural expansion may exacerbate social inequality as natural and
economic resources are unevenly distributed among the agribusiness
sector and Indigenous and traditional communities and other regional
actors. Land and water conflicts would be expected to increase.

In the “Forest Code” scenario, the rate of LULC would probably
decrease due to an absence of illegal deforestation, leading to a slight
increase in the biodiversity conservation and provision of water-related

Figure 4. Values of nature according to different perspectives of water-related ecosystem services in the Matopiba region.
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ecosystem services when compared to the “Business as usual” scenario.
However, in the Matopiba region there is a surplus of native vegetation
that can be legally cleared, so even with Forest Code enforcement full
benefits for water security and biodiversity may not be realised (Vieira
et al. 2018). Moreover, the riparian widths for rivers introduced by the
Forest Code, after revisions approved in 2012, may be insufficient to
protect water quality (Valera et al. 2019). Under this scenario, conflicts
for land and water may still occur. Even when undertaken in compliance
with the Forest Code the expansion of agricultural activities may impact
on livelihoods and access to resources of other regional actors.

In the “Soy Moratorium” scenario, the expansion of soybean
production would not imply the conversion of native vegetation.
Around 40% of the remaining Cerrado native vegetation could be
legally converted to agriculture in the absence of the Soy Moratorium
(Strassburg et al. 2017), so its implementation is an urgent matter. The
Moratorium could create great benefits for the conservation of Matopiba,
as 86% of soy expansion is expected to occur within the Cerrado region
until 2050 (Soterroni et al. 2019). The native vegetation maintained
through the implementation of the Soy Moratorium could reduce the
rate of soil erosion, improve water quality indicators, and increase
biodiversity conservation when compared to the “Business as usual”
scenario. Under this scenario LULC would be reduced, generating less
land and water conflicts

In the “Utopia” scenario the expansion of agricultural area will be
very low (or even zero) due to the reduction of international demand
for soybeans and environmental policies, thus the provision of water-
related ecosystem services and biodiversity conservation would
improve significantly compared to the “Business as usual” scenario. The
enforcement of the Forest Code and increase in protected area would
result in a larger proportion of land with native vegetation, contributing
to the provision of water-related services. By allowing increased water
infiltration and storage, natural vegetation will secure water supply in
different seasons. Landscape composition is related to surface water
quality, and several studies indicate that larger percentages of forest in

Figure 5. Predicted trends in changes in pressures and state under each scenario.
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the watershed are correlated with better water quality (Qiu & Turner
2015, Huang et al. 2016). Following strong changes in the development
pattern of the region, a reduction in land and water conflicts between
agribusiness, Indigenous and traditional peoples and other stakeholders
could be expected.

In the “Agribusiness” scenario, the softening of national
environmental policies could lead to a higher rate of LULC than seen in
the “Business as usual” scenario. Agriculture could expand extensively
in Matopiba, including into Indigenous territories. If LRs were revoked,
about 29% of the remaining vegetation in Brazil could be legally
cleared, and the Cerrado could be reduced to only 13% of its original
extension of native vegetation cover (Metzger et al. 2019). As a result,
biodiversity and ecosystem services would be drastically affected due
to the large loss of natural vegetation from private lands (Metzger et al.
2019). Without natural vegetation, unsustainable agriculture practices
would generate high sediment loads, nutrients and other pollutants that
would enter water bodies. Moreover, land and water conflicts may be
exacerbated due to unregulated agricultural expansion in the absence
of robust environmental policies, potentially affecting Indigenous and
traditional livelihoods and well-being.

Discussion

The reduction of water availability due to the combination of LULC
and climate change, along with an accompanying increase in demand
for water resources for agriculture amongst other uses is causing severe
competition for this resource in the Matopiba region (Pousa et al. 2019).
The conceptual model proposed in the present study might be useful to
improve understanding of the complex interaction among anthropogenic
drivers, water-related ecosystem services and their multiple potential
repercussions for natural and social systems. In turn, the alternative future
scenarios described here demonstrate that governance decisions will be
critical to maintaining the Cerrado biome, the services it provides and the
culture and tradition of the people historically embedded in the landscape.
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The use of scenario modelling delivers decision-makers a
window into the future, to observe the outcomes for a range of
socioenvironmental indicators that have implications for human well-
being (Nicholson et al. 2019). In this case study, both the “Business
as usual” and “Agribusiness” scenarios imply drastic reductions in the
provision of water-related ecosystem services, biodiversity and also
have impacts on regional stakeholders such as Indigenous groups and
traditional communities. The “Forest Code” and “Soy Moratorium”
scenarios generate positive outcomes for water-related ecosystem
services and conflict reduction, however not to the same extent as
the “Utopia” scenario. According to these hypothesised predictions,
governance measures including Forest Code enforcement coupled with
the implementation of the Soy Moratorium are minimum requirements
for guaranteeing the protection of Cerrado ecosystems and associated
ecosystem services and biodiversity.

1. Challenges in incorporating complex realities into models

The process of creating a conceptual model to assess the impacts
of direct and indirect drivers on biodiversity and ecosystem services
poses several challenges. Primarily there is the intrinsic limitation of all
conceptual models to represent complex realities, given the impossibility
of the inclusion of all variables and all possible relationships in one
single model. Further challenges arise in the inclusion of variables
that are difficult to measure or quantify, such as well-being or cultural
identity. Many studies emphasise that the notion of value should not
be restricted to mere instrumental values but embrace a larger range of
values, including those related to supporting identities and culture (e.g.
Jax 2019). Cultural services can be intangible and may include spiritual
and cultural identification, recreation opportunities or heritage values
(Bray et al. 2019). Despite the challenges of including multiple ways
of valuing nature into models this is essential to improve understanding
of the complex relationships and feedbacks that may occur.

It is important to recognise that land and water-related conflicts
represent just one part of the many issues that threaten human well-being;
there is a huge knowledge gap on how to incorporate human well-being
indicators into research and modelling (Pires et al. 2018). In the Matopiba
region, the well-being of traditional and Indigenous local populations
suffers as they struggle with land grabbing and water conflicts related
to soybean agriculture expansion. The land rights of traditional and
Indigenous groups are extremely difficult to express in data that can be
incorporated into scenario modelling because land tenure in the region
is mostly informal, based on customary and continuous land occupation
over generations (Pitta & Vega 2017). Furthermore, already existing
conditions of land-expropriation and population expulsion driven by
large-scale agricultural expansion are prone to aggravate under climate
change effects such as water scarcity (Pitta & Vega, 2017). This may
directly affect Indigenous and smallholder communities by forcing them
to diversify their livelihoods or migrate and abandon their original territory,
implying deep cultural consequences that cannot be measured by indices
such as Gross Domestic Product (GDP). Careful considerations need to
be made when attempting to include human well-being to models and in
terms of deciding what types of indicators should be used. Alternative
indicators that explicitly include natural and social aspects should be
fostered, using as a basis examples such as the Human Development
Index (HDI), Multidimensional Poverty Index, Inequality-adjusted
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Human Development Index, Gender Inequality Index (UNDP, 2018) or
the Genuine Progress Indicator (Andrade & Garcia 2015).

2. Using scenarios to guarantee ecosystem service provision

Whilst the incorporation of the diversity of nature’s values into
scenario modelling is still incipient, it is an endeavour that can improve
the sophistication of our responses to complex problems. In this way,
the Nature Futures Framework aims at informing the development of
positive scenarios, where humans and nature thrive together, addressing
the multiple visions and values of nature (Rosa etal. 2017). A challenge
faced throughout the elaboration of this work was how to develop
scenarios that represent a future that humanity could strive for, aligned
with the Nature Futures Framework. Developing the “Utopia” scenario
was an exercise that reflected this, with a focus on valuing nature so
as to ensure the provision of ecosystem values across all perspectives
into the future. Indeed, with the application of sustainable agricultural
practices, production from the region could remain the same or increase,
even whilst conservation measures were enforced. The “Utopia”
scenario determined nature-centred objectives and then established the
changes in governance needed to achieve them, rather than supposing
policy changes and analysing their impacts. When the focus is placed
on maintaining biodiversity and ecosystem services it reveals the drastic
policy and societal changes that need to be made. Nature conservation
must be central to policy formation, including the creation of policy
options that represent a future that society should aim towards, where
human systems continue to be supported by the services provided by
natural systems (Rosa et al. 2017).

Conclusion

With critical ecological thresholds being crossed, the decisions that
are taken by policy-makers in the coming decade may cause or avoid
irreversible impacts for future generations, either placing in jeopardy
the natural systems on which humanity depends or guaranteeing
their survival. The elaboration of scenarios that intend to deliver the
biodiversity and ecosystem services outcomes necessary to maintain
Earth’s life support systems allows insights into the opportunities and
barriers that exist in defining policy, and more broadly, in transforming
society to a model of existence that occurs within the limits determined
by our finite Earth. As such, this study intended to shine a light on
the possible pathways available to prevent the destruction of the
Cerrado biome for short-term gain and provide insights into how
the incorporation of the multiple values of nature can inform spatial
planning and policy responses to guarantee the future of the world’s
most biodiverse savanna.
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