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Abstract
Expansion of agriculture is the main reason for conversion of native vegetation in
Matopiba, a region in the Brazilian (Cerrado) that is one of the earth’s most threatened ecosystems
and among its most active agricultural frontiers. This research investigates the main factors that
influence conversion of native vegetation in hotspots of conversion in west Bahia, Brazil. More
specifically, this research aims to increase understanding of producers’ motivations to expand
agriculture over natural vegetation.
While research has been conducted on direct and indirect drivers of conversion of native
vegetation (NV), often using spatial analyses of global trends (e.g. Geographic Information System,
GIS), such research rarely includes the perspective of the actors primarily responsible for the
conversion of NV. As a result, little is known about what motivates decisions to clear new land for
crop production in lieu of using already cleared land. This research addresses that gap by
integrating analyses of broader spatial trends (GIS) and literature on drivers of expansion with
on-the-ground assessments of perspectives of 25 producers and 14 key actors involved in
expansion processes.
In west Bahia, the main drivers of conversion of NV to other land uses are increasing
demand for agricultural products; large-scale migration of people from the southern Cerrado to
west Bahia; increased access to international markets; and improved technologies and
infrastructure. While these drivers exemplify the larger forces underlying expansion of
agriculture, several enabling factors play an important role in determining where expansion takes
place and what type of land cover is replaced. The main enabling factors for expansion of
agriculture over native vegetation that producers and key actors mentioned are that it is legal to
convert NV (within the contours of the Forest Code), NV is regarded as a business opportunity
and because producers have the means and the know-how to expand over NV.
Results from this research show that the combination of a variety of global and local
factors favoured expansion of agriculture in west Bahia in Matopiba, and especially expansion
over native vegetation.
Key words: agricultural expansion, Cerrado, Matopiba, drivers, enabling factors, native
vegetation, conversion
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1 Introduction
1.1 Problem statement
The Cerrado biome is one of the largest (Eiten, 1972; Furley, 1999) and most biodiverse
savannahs in the world (Mittermeier et al., 1988; Sawyer, 2017), and is home to more than 4.800
plant and vertebrate species that cannot be found anywhere else (Strassburg, 2017). The biome
is therefore regarded as a biodiversity hotspot (Bridgewater et al., 2004; Cavalcanti and Joly,
2002; Felfili and Silva Júnior, 2005; Klink and Machado, 2005; Myers et al., 2000; Oliveira-Filho
and Ratter, 2002; Ratter et al., 1997; da Silva and Bates, 2002; Silva et al., 2006). In addition, the
Cerrado is of critical importance for the water supply of many Brazilian cities, as it is the source
of six of the eight large water basins of Brazil (Lahsen et al., 2016; Sawyer et al., 2017). As such, it
contributes to more than 40% of Brazil’s surface water supply outside of the Amazon (Lima and
Silva, 2005; Strassburg, 2017). Furthermore, the Cerrado is home to many traditional
communities such as indigenous tribes and Quilombolas1, who depend on natural resources from
the Cerrado to survive (Sawyer, 2017).
Despite its importance, the Cerrado is considered one of the earths most threatened
ecosystems due to the high level of conversion of native vegetation to agricultural land (Ratter et
al., 1997; da Silva and Bates, 2002; Boddey et al., 2004; Marini et al., 2009; Sano et al., 2010).
Nearly half the native vegetation of the Cerrado has been lost due to agricultural expansion and
pasturelands (Alencar et al., 2020; Sano et al., 2019; Bustamante et al., 2012; Spera et al., 2016;
Rada, 2013; Klink and Machado, 2005; Rocha et al., 2011), and more than 80% has been disturbed
to some extent (Strassburg, 2017). Especially in the southern part of the Cerrado most native
vegetation (NV) has been converted to agricultural land and pastures. Therefore, most remaining
native vegetation can be found in the northern part of the Cerrado (Mapbiomas, 2019a). One of
the worlds’ most active agricultural frontiers, west Bahia, is located in this part of the Cerrado
(Batistella and Valladares, 2009). As can be seen from figure 1, west Bahia is part of the
agricultural frontier in the north of the Cerrado biome: MATOPIBA, which is an acronym for the
states Maranhão, Tocantins, Piauí and Bahia. Western Bahia is the region within Matopiba that
has faced the highest loss of native vegetation due to the rapid expansion of agriculture and
pasture since 1985. Strassburg (2017) warns that the continuous expansion of agriculture, the
lack of incentives for conservation and the development of infrastructure will further increase
clearing of native vegetation, which will likely result in widespread extinctions.

1 Quilombolas are inhabitants of rural black communities that are created by descendants of enslaved Africans, and
they mostly rely on subsistence farming (Fundaçao Joaquim Nabuco, 2011).
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Figure 1. Location of Matopiba in relation to the three largest biomes in Brazil.
The circle indicates the location of west Bahía within the Matopiba region (Chamaeleon Geotecnologias,
2020).

While the Amazon has received a lot of attention, the Cerrado has often been overlooked
(Lahsen et al., 2016; Noojipady et al., 2017), even though native vegetation loss and carbon
emissions from the Cerrado are significant and constitute an increasing part of Brazil’s
greenhouse gas budget (Noojipady et al., 2017). Moreover, policies to reduce deforestation in the
Amazon, such as the Soy Moratorium and the Forest Code2 may have resulted in increased clearing
in the Cerrado – a so-called cross-biome leakage effect. This partly offsets the avoided emissions
in the Amazon (Noojipady et al., 2017). For example, between 2008 and 2012 the deforestation
rate in the Cerrado was more than twice as high as in the Amazon (Strassburg et al., 2017; Lambin
et al., 2013).
Even though the high rate of conversion has many negative effects, most conversion is in
compliance with Brazilian law. An additional 40 million hectares of the Cerrado could legally be
cleared in accordance with the Brazilian Forest Code (Sparovek et al., 2011; Soares-Filho, 2014).
This, together with Brazils’ expected increase of 30-38% in soybean production over the next 10

2

In the Cerrado (outside of the Legal Amazon, where 35% of the property must be preserved), only 20% of the area on
private properties needs to be preserved as native vegetation, compared to 80% in the Amazon. In addition, only 7.5 % of the
Cerrado is set aside as public protected areas, compared to over 50% in the Amazon (Soares-Filho et al., 2014).
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years (MAPA, 2018; OECD and FAO, 2017), will most likely result in even more expansion of
agriculture. Strassburg et al. (2017) project that by 2050, a third of the remaining Cerrado will be
converted based on a business-as-usual scenario, emitting 8.5 Pg CO2e. These emissions are
equivalent to 2.5 times the reductions in emissions in the Amazon between 2005 and 2013
through effective anti-deforestation policies. In addition, the loss of NV would have widespread
consequences for biodiversity and human well-being. The expected conversion of NV in the
Cerrado is projected to result in the extinction of almost 500 plant species (Strassburg, 2017).
Another consequence is the change in the local and regional climate, including changes in
precipitation, humidity and temperature. These changes will affect the water supply for cities and
agriculture and could have severe consequences for agricultural production (Costa and Pires,
2010; Spera et al., 2016). Such changes in climate are already visible today. Pousa et al. (2019)
show a reduction in annual rainfall of up to 12%, and a reduction in the river discharge, in western
Bahia since 1980. Even though it is hard to forecast trends in precipitation, Pousa et al. (2019)
argue that west Bahia is likely to face impacts of climate change in the future. This could have
serious negative consequences on crop yields and water resources.
Despite significant challenges, some studies suggest that it may be possible to avoid such
a scenario without sacrificing food production. Strassburg (2017) argues, for example, that it is
possible to significantly increase the production of food, while at the same time reducing the
conversion of NV. In addition, in 2008 the Brazilian Ministry of Agriculture stated that no new
deforestation was needed to meet the demand for land for agricultural expansion (AzevedoRamos, 2008). Other studies have confirmed that there is enough already cleared land that is
suitable for agricultural expansion, but that land is currently being underutilized, which could
open up opportunities for land sparing. For example, Strassburg et al. (2014) argue that if
productivity in pastures would increase with 50%, this would open up 80 million hectares that
could be used for expansion of agriculture. One estimate for Brazil suggests that about 40 million
hectares of already cleared land is suitable for growing soy (Carneiro-Filho and Costa, 2016). The
authors conclude that it is not necessary to convert new native vegetation to either agricultural
land or pasture. In addition, small increases in efficiency of cattle ranching will open up millions
of hectares that could be used for agricultural purposes (Strassburg, 2014). Ceddia et al. (2014)
argue that in order for intensification to result in the sparing of land with native vegetation,
intensification needs to be combined with high quality governance that focusses on preserving of
the environment.
In order to better understand why producers mainly expand agriculture over native
vegetation rather than expanding over open areas or -degraded- pasture, it is important to
understand their reasons. Research has been conducted on direct and indirect drivers of
conversion of native vegetation and expansion of agriculture in in the Brazilian Cerrado and
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Amazon. However, few studies have used an integrated approach to evaluate these drivers in the
Cerrado by including the perspective of producers and key actors. Such research is often limited
to spatial analyses of global trends (e.g. Geographic Information System, GIS), but does not include
the perspective of the actors primarily responsible for the conversion of NV, including producers
of export-oriented agricultural commodities. As a result, little is known about what motivates
decisions to clear new land for crop production in lieu of using already cleared land. This research
addresses that gap by integrating analyses of broader spatial trends with on-the-ground
assessments of the perspectives of producers and other key actors involved in the expansion of
agriculture over NV.
As a result, this research not only investigates drivers of land use change (LUC) in the
Matopiba region, but also focuses on the rationale behind expanding agriculture over native
vegetation instead of expanding into cleared areas. In addition, factors that would make people
prone to expand over existing cleared land rather than over native vegetation are investigated.
This thesis document is structured as follows. First the objectives, research questions and
methods are presented. Second, the conceptual framework for direct and indirect drivers of
conversion of native vegetation in Brazil will be presented. Third, important background
information on the study area is provided, including demographics, agricultural production and
the regions’ suitability for agriculture. Fourth, the results of the GIS analysis, the systematic
literature review and the fieldwork will be presented. And finally, a discussion and conclusion will
follow.
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1.2 Objective
The overall goal of this research is to contribute to knowledge on drivers and other
important factors that impact conversion of native vegetation in the Brazilian Cerrado.
Furthermore, this research aims to draw lessons from the case of West-Bahia to gain insight in
what would make people prone to expand agriculture in already cleared areas instead of
expanding in natural habitats. Ultimately this research aims to increase understanding of
producers’ motivations to expand agriculture over natural vegetation in lieu of cleared lands,
which can help design appropriate incentive structures for land-use policies aimed at encouraging
efficient land use and curbing conversion of native vegetation.

1.3 Research questions
Derived from the objectives, one main research question and three sub-questions are
formulated. Main research question:
What influences conversion of native vegetation in land use change hotspots in west Bahia, Brazil?
Sub-questions:
1. Which municipalities in west Bahia are the hotspots of conversion of native vegetation?
2. What are drivers of conversion of native vegetation in the Cerrado?
3. What are enabling factors that impact conversion of native vegetation in west Bahia?
4. What is the perception of producers and key actors on native vegetation, climate change
and future production in west Bahia?
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1.4 Methods
For this research a mixed-methods approach was used, combining qualitative and
quantitative methods. Figure 2 provides a systematic overview of the methodological steps of this
research, including the objectives and the distinction of four different phases.
In the first phase, academic literature was read and exploratory interviews were
conducted with experts to gain a general understanding of conversion of native vegetation and
the expansion of agriculture in the Cerrado. This phase also provided insights into which regions
would be most suitable for conducting interviews. In the second phase, the collection of data
started, beginning with a GIS analysis to gain in-depth knowledge on the history and spatial
dynamics of land cover and land use change in west Bahia. Furthermore, the GIS analysis was used
to select the hotspots of conversion of NV (RQ1), which would be the focal municipalities for
producer and key actor interviews in west Bahía. Subsequently, a systematic literature review
was conducted on drivers of conversion of native vegetation in the Cerrado (RQ2,3). The literature
review informed the design and development of the questionnaire for interviews. The third phase
consisted of fieldwork in west Bahía, where we held interviews using two different versions of a
questionnaire, one for producers and one for key actors (RQ2,3,4). The interviews were held to
find out what producers and other key actors consider as the main reasons for expansion of
agriculture over native vegetation, and to research the perception of producers and key actors on
NV, climate change and future production in west Bahia. The fourth and final phase consisted of
data analysis. The content analysis method was used to analyse open-ended questions from the
interviews, whereas statistical analysis was used for the closed questions.
The combination of the literature review on drivers of conversion of native vegetation in
the Cerrado and the interviews with key actors on producers’ viewpoints and practices, allowed
the data obtained from producers themselves to be verified and cross-checked.
Methodological steps of research on land use change (LUT) in west Bahia
Phase I
Preparatory phase

Literature review

Objective
- Input for background
- Input for fieldwork
Brasília

Exploratory
interviews Brasilia

Objective
- Understanding
research context
- Input to choose area
for second fieldwork

Phase II
Data collection 1

GIS analysis
LUT Cerrado
(RQ1)

Objective
- Find hotspots of
expansion
- Decide sites to visit
- Determine land use
and land use change

Systematic
Literature review
LUT Cerrado
(RQ2+3)

Objective
- Find drivers land use
change Cerrado (LUT)
- Find other factors that
influence LUT

Phase III
Data collection 2

Interviews West
Bahía
(RQ2+3+4)

Objective
- Find reasons for
expansion over NV
- Investigate incentives
that make people willing
to expand over cleared
areas

Phase IV
Analysis

Analysis

Objective
- Compare results with
conceptual framework
- Structure data

Figure 2. Methodological steps of the study.
This study consisted of four methodological steps: 1) preparatory phase, 2) data collection 1, 3) data
collection 2, 4) analysis. Blue=literature reviews, green=fieldwork, and orange=analysis.

14

1.4.1 Literature review background study region
A literature review was conducted to collect information on the background and context
within which this research took place. This information is used to write the problem statement as
well as the background chapter. Furthermore, the knowledge gained from this review was used
as a starting point for the exploratory interviews in Brasília. Research was done on the history,
land use, land use change, agricultural and conservation policies and the agricultural development
of the Cerrado and Matopiba region. Different articles that address conservation and agricultural
growth were also analysed. Academic papers about the political, economic and environmental
circumstances of the Cerrado, Matopiba and west Bahia were used. The databases Scopus and
Scholar were used, using terms as ‘Cerrado’, ‘Agricult*’, ‘Matopiba’, ‘Bahia’, ‘deforest*’, ‘clear*’,
polic* and ‘driv*’. In addition, the reference lists from the selected articles were used to include
articles that were not found in the searches. Furthermore, in the expert interviews, which will be
elaborated upon below, the respondents were asked whether they had recommendations on
articles to include. This combination of methods provided a wide variety of articles related to this
research.
A variety of secondary data sources were also consulted. These data sources consist of
reports and articles from NGOs (WRI, WWF, INPE, CPI), government agencies and documents on
the Brazilian law. Most of the background information on the current state of the art is found in
both scientific and grey literature. Information on policies was mainly obtained from reports from
ministries (e.g. Ministry of Agriculture, Ministry of Environment), academic papers and agencies
affiliated with the government (e.g. IBAMA, EMBRAPA). In addition, different online maps and
tools were used, including Mapbiomas (2020a), and TRASE (Trase, 2020).

1.4.2 Exploratory interviews
The first field visit to Brazil consisted of four weeks in Brasília in March 2019. During this
visit, semi-structured exploratory interviews were held with experts from scientific and nongovernmental organisations located in Brasília, Goiânia and Rio de Janeiro. The goal of this field
visit was to better understand the field in general and the context for this research, to further
shape the research and to decide which area to visit for the second fieldwork. The semi-structured
method was chosen to provide the experts with the opportunity to talk about what they regard as
essential preliminary knowledge for this research. Additionally, this method allowed for followup questions.
During the fieldwork experts were contacted from scientific and non-governmental
organisations. Interviewees were selected using the network of the Woods Hole Research Center
(WHRC) and its Brazilian partner, the Amazon Environmental Research Institute (IPAM). My
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supervisor at WHRC helped define the initial list of key institutions and connected me to those
institutions. I then used my extended network and the snowball method to identify additional
experts to interview. Every person interviewed was asked for recommendations of other potential
experts to interview. This resulted in contacting 36 experts, of which 27 were open for an
interview of 0.5-2 hours each. The other 9 people either did not reply or did not have time for an
interview and some referred me to other members within their organisation. All interviews were
held in-person, except for two that were held through Skype. The interviews were held with 27
experts from different research institutes (IPAM, WHRC), NGOs (ISPN, CPI, WRI, CI, WWF, CLUA,
TNC and INPA) and universities (University of Brasília, University of Goiás and the Federal
University of Minas Gerais) and were conducted in English. As these were exploratory interviews,
they were not recorded, but detailed notes were taken. These interviews also provided access to
various databases, organisations and other contacts. Many interviewees mentioned Matopiba as
the new agricultural frontier and west Bahía as the most dynamic and rapidly changing part of the
new frontier. As a result, west Bahía was chosen as a focus region.

1.4.3 Geographic Information System (GIS) analysis
To map land cover, land use and land-use change in west Bahia, GIS analysis is used. GIS is
a ‘computer-based tool that analyses, stores, manipulates and visualizes geographic information,
usually in a map’ (GISGeography, 2019). The GIS analysis is used to determine conversion of native
vegetation to anthropic land use (crop and pasture) in west Bahia and thereby to determine the
hotspots of conversion of NV. These municipalities were visited during the fieldwork.
Data on annual land cover and land cover change in west Bahia was downloaded from
Mapbiomas version 4.1 (Mapbiomas, 2020b) and combined with data from the Rural
Environmental Registry (CAR) (SICAR, 2020). The published municipal boundaries for 2019 were
used for all analyses (IBGE, 2019. Mapbiomas’ classification of Landsat satellite images was used
from 1968 to 2018, at 300-m resolution (Mapbiomas, 2020c). Subsequently this data was
analysed with the open source tools ‘Google Earth Engine’ and ‘R’, to analyse the data and
statistics. WHRC collaborator, Ludmila Rattis, provided training and technical assistance for the
GIS analysis. In order to reduce the amount of errors in the satellite images, conversion was
measured over two subsequent years. For example, when savannah vegetation is converted to
cropland and it remains cropland for two sequential years, it is classified as conversion of
savannah to crop. Furthermore, when the type of land cover was ‘mosaic’, a combination of
pasture and cropland, it was assumed to be pasture.
With the obtained data it is determined how much native vegetation has been lost from
1986-2018 and how much NV has been converted to agriculture, pasture, or other land uses. In
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addition, six municipalities were selected that were responsible for the majority of clearing of
native vegetation in Bahía, the so-called hotspots of clearing. One other municipality with high
losses of NV was added to the six hotspots during the fieldwork. The different formations of native
vegetation that were found in west Bahia were forest, savannah woodland and grassland.
Definitions of these formations can be found in Box 1.
Definitions of natural vegetation formations in the Cerrado
Forest
Vegetation types with predominance of tree species, with continuous canopy formation (Riparian
Forest, Gallery Forest, Dry Forest and Forested Savannah) (Ribeiro and Walter, 2008), as well as
Semi-Deciduous Seasonal Forests.
Savannah woodland
Savannah woodland formations with defined tree and shrub-herbaceous stratum (Dense, Typical,
Sparse and Rupestrian Savannah).
Grassland
Grassland formations with predominance of herbaceous stratum (dirty, clean and rupestrian
fields).
Box 1. Definitions of natural vegetation formations in the Cerrado.
Note. Definitions adapted from Mapbiomas, 2019b.
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1.4.4 Systematic literature review
A systematic literature review is conducted to find what drives conversion of native
vegetation in the Cerrado. The database of Scopus was used, with the following search terms:
(TITLE-ABS-KEY (deforest*) OR TITLE-ABS-KEY (conver*) OR

TITLE-ABS-KEY (clear*) AND

TITLE-ABS-KEY (driv*) AND TITLE-ABS-KEY (cerrado)). Only articles in English were included.
As can be seen from figure 3, which shows an overview of the selection process of inclusion of
articles, the search resulted in 96 articles. After reading the title of the articles, 47 articles were
selected. The other 49 articles were excluded because they were about different biomes, specific
(animal) species or biodiversity. After reading the abstract, 18 articles were included in the
review. Some of the remaining articles provided useful background information but did not
specify drivers and were thus not included in the formal review. In addition to the 18 articles from
the search, 29 articles were included from the reference lists and from other articles found during
the research. The articles included focused primarily on the Cerrado, but some also included the
neighbouring Amazon biome. The drivers of conversion of native vegetation were categorised and
used as a starting point to create the questionnaire for the interviews during the fieldwork. In this
way, the findings from the literature and those based on field data can be triangulated.

Unique records
identified through
database
searching (n=96)

Records screened
(n=96)

Records excluded
(n=49)

Abstract assessed
for eligibility
(n=47)

Full-text articles
excluded
(n=29)

Articles included
(n=18)

Other articles
included (e.g. from
reference lists)
(n=29)

Articles included
(n=47)

Figure 3. Selection process of inclusion of articles in the literature review.

18

1.4.5 Fieldwork west Bahia
The second visit to Brazil (August 2019) consisted of three weeks of fieldwork in seven
municipalities in west Bahia. The main goal of this fieldwork was to find what motivates producers
to expand agriculture over native vegetation and to research producers’ willingness to expand
over cleared areas. Furthermore, the interviews provided insight into factors that influence
expansion. Thirty-nine producers and key actors were interviewed using a questionnaire as a
guide. The sections below elaborate on the sites selected for interviews, the respondents targeted,
and the questionnaires developed for producers and key actors.
1.4.5.1 Site selection
West Bahia was chosen because it is a very active agricultural frontier (Pousa, 2019) and it is the
most developed region in the Matopiba frontier. Because there is more data and literature
available than in the other regions, west Bahia may offer some lessons for the three other states
in Matopiba that are expected to face high losses in NV.
The six municipalities selected for the fieldwork (based on the GIS analysis) represent the area of
greatest recent conversion of native vegetation: Formosa do Rio Preto, Riachão das Neves
Barreiras, São Desidério, Jaborandi and Correntina. During the fieldwork we found that one of the
municipalities, Barreiras, had been divided in 2000, creating Luís Eduardo Magalhães – which we
decided to include as the seventh municipality in our research.
1.4.5.2 Conducting the interviews
The main people targeted during the fieldwork were producers in the seven municipalities, as
well as key actors closely involved with the agricultural sector. Government officials and
representatives of producers were targeted, for example, as were service providers. In order to
gain a variety of perspectives, some interviews were held with organisations that are traditionally
critical of agribusiness expansion practices. Twenty-five producers were interviewed, with
properties in the following municipalities: Barreiras (7), São Desidéro (4), Jaborandi (4), Luis
Eduardo Magalhães (3), Riachão das Neves (3), Correntina (2) and Formosa do Rio Preto3 (2). Key
actors worked in or were responsible for one or more of these municipalities
During the fieldwork many producers and key actors were contacted through the Bahia
Irrigatiors Association (AIBA), which includes many large and small producers in its membership.
Furthermore, the snowball method and contacts from IPAM and WHRC in west Bahia were used.
Two different versions of a semi-structured questionnaire were used for the interviews, one for
the producers and one for the key actors. The questionnaires were semi-structured, which is a
way of interviewing in which questions are largely predetermined, but there is flexibility in the
One producer’s farm was in Santa Rita de Cassia, on the border with Formosa do Rio Preto. We considered this within our
study area and included it under Formosa do Rio Preto.

3

19

way these questions are addressed (Dunn, 2005). This allowed for a more informal interview
within which the interviewee can respond in his or her own words instead of answering binary
questions (Longhurst, 2003).
Even though respondents were expected to answer a list of questions, the interview
allowed and encouraged respondents to talk freely and share their perspective. Furthermore, it
allowed for follow-up questions to ask the respondents for clarification. Interviews were
conducted with a native Portuguese speaker, Dr. Ludmila Rattis of IPAM, who has expertise in
land change science and has conducted farmer interviews in the Brazilian agricultural frontier.
The questionnaires were uploaded into a tablet, using a free and accessible tool for mobile data
collection, Open Data Kit (ODK) (ODK, 2020). The answers to the questions were entered into the
tablet during the interview. The advantage of using ODK is that it automatically codes the data,
saves time during the interview, and minimizes data entry errors.
Although the questionnaire was written in English, Ludmila translated the questions on
the spot and administered the questions to interviewees in Portuguese. During the interviews I
took notes on how people responded to the questions and wrote down quotes. After every
interview, Ludmila and I discussed the interview using the information in the tablet and the
fieldnotes, and unclarities were resolved. Additional information collected through this debrief
was added to the fieldnotes. Using the questionnaire, both quantitative data (the statistics) and
qualitative data (the reasons behind it) were developed.
For the producers a longer questionnaire was created, including specific property-related
questions. For key actor interviews a shorter version was used. Except for the property-related
questions, the questionnaires were fairly similar, providing some opportunity for triangulation.
Before the questionnaire was conducted, it was pilot tested with a producer outside of the study
area and adjusted based on that experience. The separate questionnaires will be elaborated upon
in the sections below.
1.4.5.3 Interview instrument for producers
The questionnaire for the producers consisted of six modules, including background
information on their farm (module 1); characteristics of the property (module 2); questions on
the perceived value of native vegetation on farms (module 3); questions on the expansion of
agriculture (module 4); questions on incentives and disincentives for expansion over cleared
areas (module 5); and questions on perceived changes in the climate (module 6). Finally, some
personalia were asked.
Different question formats were used, including multiple choice (MPC), yes/no questions
and open-ended questions. Some questions were followed by open-ended follow-up questions,
allowing the interviewees to further explain their answers. Most MPC questions were asked as
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open questions to let the producers talk freely. However, when interviewees did not understand
the question or did not know how to answer them, they were guided by options from the MPCs.
If the answer of the interviewee was not listed in one of the optional answers in the questionnaire,
the answer was written down under ‘optional’. An overview of the questions asked per module,
including the type of questions can be found in Table 1.
Most questions in the questionnaire asked about the perception of farmers themselves (i.e.
the interviewees), but the section on expansion patterns posed questions about farmers in general
in order to control for the bias of socially desirable answers. Expansion is a potentially sensitive
subject, because it gets into questions of legality of clearing NV and reputational risk for producers
who admit that they clear Cerrado vegetation. By asking these questions about producers in
general, the interviewees could talk more freely about expansion than if they were solely talking
about themselves. After the questions on expansion for farmers in general, a few questions were
asked regarding expansion of agriculture on producers’ own property. The complete
questionnaire for producers can be found in Appendix 1.
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Table 1
Questionnaire for producers
West Bahía reseach questionnaire producers
Module I: The farmer
1. Municipality
2. Role of person interviewed
3. Is the area of the farm leased or owned?
4. Are you an individual farmer or are you part of a
company/business entity?

Type of question

If business entity, which one?

Open

18. Is there native vegetation around water bodies?
Y/N
19. Do you believe that native vegetation provides benefits to
your farm?
Y/N

5. Are you a member of a farmers association or
cooperative?

Y/N

What benefits does native vegetation have?

Which farmers association?

Open

20.a How important is native vegetation for your production
on a scale from 1 – 10 (10; very important and 1; not
important)
Range

6. Is het property registered in the Rural Environmental
Registry?
7. Is the property the main source of income?

Y/N
Y/N

MPC, CM
MPC, CM
MPC
MPC, CM

Module 2: Property characteristics
8. How many farms do you have?
8 a. For which farm would you like to answer the
questionnaire?
8 b. What year was the property purchased or when did the
lease begin?

MPC, CM

9. What year did the production begin?

Date

10. What is the total area of the property? (ha)

Number

Open
Date

10 a. What is the total area being used for crop farming last
year (ha)?
Number
10 b. What crop(s) do you grow?
MPC, CM
10. c1. What is the area of planted soybean (ha)?

Number

Type of question
Module 3: Native vegetation on the farm
17. Is there native forest, savanna or grassland on the farm? Y/N
What is the total area with native vegetation (ha): _______ Number
17.a Why do you maintain native vegetation on your farm? MPC, CM

Open

Module 4: Expansion patterns
4.1 Farmers in general
21. Have you experienced/noticed expansion of agriculture in
your neighbourhood/municipality over the past 20 years?
Y/N, CM
21a. What do you think motivates farmers to expand
agriculture? (if more than 1, please name all reasons)
21b. What factors do farmers take into account when
deciding where to expand?
21c. What tools or information do farmers use to decide
where to expand?
21d. What kind of vegetation or land use does this expansion
usually replace? (If more answers, rank them)
22. What are people’s main reasons to expand agriculture
over already cleared areas?
23. What are people’s main reasons to expand agriculture
over forests, savannah or native grassland (i.e. native
vegetation)?
4.2 Farmers themselves
24. Has the area of land (ha) that you use for agriculture
increased over the past 20 years? ( ) Yes, ( ) No.

MPC, CM
MPC, CM
Open
MPC, CM
MPC, CM

MPC, CM

Y/N, CM

10. d1. What is the area being used for pasture (ha)?
Number
10. d.2. What is the productivity of this land?
Number
10. e1. What is the total area of open/cleared 'unused' land
(ha)?
Number

25. If expansion occured over native vegetation: What were
your main reasons to expand agriculture over native
vegetation?
26. Have you considered alternatives to expanding over
native vegetation?
What alternatives have you considered?
Module 5: Incentives and disincentives to expand over
cleared areas

10. e.2. What is this area used for?

27. Which of the following would make you consider
expanding into cleared areas instead of expanding over
native vegetation?

MPC, CM

11. Has the total area of the property increased or decreased
since the first purchase/lease of the land?
MPC, CM

28. Are you aware of programs that stimulate expansion of
agriculture over already cleared areas or degraded lands
instead of clearing new lands?

Y/N

What was the area of the property in the first year of the
purchase/lease (ha)?

Number

If yes, which one(s)? And have you participated in any of
these?

Open

12. Do you have a second crop (second harvest in the year)?

Y/N

29. Would you be interested in learning more about and/or
participating in programs that stimulate expansion of
agriculture over already cleared areas or degraded lands?

Y/N

Which crop?
13. Was there a delay in the rain season?
How many days was the delay?
14. If there was a loss in productivity of crop, please state
the reasons
15. Do you use irrigation?

Open
Y/N
Number, CM

Module 6: Influence of climate on production and adaptation
30. Have you noticed changes in rainfall in the region?
Y/N
What changes and since when?
Open

Open
Y/N

31. Have you noticed changes in temperature in this region? Y/N
What changes and since when?
Open

10. c.2. What is the productivity of this land?

What is the irrigated area (ha)?
16. Has the date of planting and harvesting changed in
recent years?
16. a.How long? (days)

Number

Open

Number
Y/N, CM
Number

32. If the answer was yes to the two previous questions,
answer this question: In your opinion, what factors have
affected the climate?
33. Do you take action to reduce the effects of too much or
too little rainfall or high temperatures on your production?
What measures do you take?

MPC, CM
Y/N
Open

Open
Y/N
Open

Note. MPC = Multiple choice. Open = open question. Y/N = yes/no. Range = grading. Date = date. Number = number. CM
= comment (option to add answers).
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1.4.5.4 Interview instrument for key actors
The shorter questionnaire for key actors consisted of similar questions but excluded
property characteristics and producer-specific questions. Instead of asking the key actors
questions about themselves, they were asked questions about producers in general in the region.
Examples of such questions are: ‘Do most farms have native vegetation on their property?’ and
‘What do you think motivates farmers to expand agriculture?’ In Table 2 an overview of the
questions is provided, including the type of questions. The complete questionnaire for key actors
can be found in Appendix 2.
Table 2
Questionnaire for key actors
West Bahía research questionnaire stakeholders
Module 1 the actor
1. Municipality
2. Organisation of person interviewed
3. Role of person interviewed
Module 2 Native vegetation on farms
4. Do most farms have native forest, savanna or grassland on their property?
5. Why do you think farmers maintain native vegetation on their farm?
6. Do you believe that native vegetation provides benefits to farms?
What benefits?

Type of question
MPC, CM
Open
Open
Y/N, CM
MPC, CM
Y/N
Open

6 a. How important do you think native vegetation is for production on a scale from 1 – 10 (10;
very important and 1; not important)
Range
Module 3 Expansion patterns
7. Have you experienced/noticed expansion of agriculture in your neighbourhood/municipality
over the past 20 years?
7 a. What do you think motivates farmers to expand agriculture? (if more than 1, name all)
7 b. What factors do you think farmers take into account when deciding where to expand?
7 c. What tools or information do you think farmers use to decide where to expand?

Y/N, CM
MPC, CM
MPC, CM
Open

d. What kind of vegetation or land use does expansion usually replace? (If more answers, rank
them)
MPC, CM
8. What are people’s main reasons to expand agriculture over already cleared areas?
MPC, CM
9. What are people’s main reasons to expand agriculture over forests, savannah or native
grassland (i.e. native vegetation)?
Module 4 Incentives and disincentives to expand over cleared areas

MPC, CM

10. Which of the following would make farmers consider expanding into cleared areas instead
of expanding over native vegetation?
MPC, CM
11. Are you aware of programs that stimulate expansion of agriculture over already cleared
areas or degraded lands instead of clearing new lands?
If yes, which one(s)? And have you participated in any of these?
12. Is irrigation used a lot in this region?
13. Have you noticed a change in the date of planting and harvesting in recent years?
How long? (days)
Module 5 Influence of climate on production and adaptation
14. Have you noticed changes in rainfall in the region?
What changes and since when?
15. Have you noticed changes in temperature in this region?
15 a. What changes and since when?

Y/N
Open
Y/N, CM
Y/N
Open
Y/N
Open
Y/N
Open

16. If the answer was yes to the two previous questions, answer this question: In your opinion,
what factors have affected the climate?
Open
17. Do you take action to reduce the effects of too much or too little rainfall or high
temperatures on your production?
What measures do you take?

Y/N
Open

Note. MPC = Multiple choice. Open = open question. Y/N = yes/no. Range = grading. Date = date. Number = number. CM
= comment (option to add answers).
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1.4.6 Interview data analysis
To analyse the data from the interviews, a combination of a statistical analysis and a
content analysis was used. Content analyses are used to systematically process data into results
and conclusions in order to answer the research question (Boeije, ‘t Hart and Hox, 2009). The
content analysis process consists of several steps, starting with closely reading and re-reading the
data, followed by writing down the main categories. After the categories are defined, the data is
usually coded and linked to the categories, resulting in codes and meta-codes. The data from the
interviews was first exported from the tablets into excel. Afterwards, the data of the two
questionnaires were combined and structured by section. The closed questions were analysed
first, figures were created, and the results were organised under the relevant research question.
Subsequently, the open-ended questions as well as the comments to the closed questions were
analysed using the content analysis method. Because many of the open-ended questions were
linked to the closed questions, the data from the open-ended and closed questions were both
analysed in excel. In order to analyse the open-ended questions, the answers to those questions
were read, categories were created, and responses were coded. Initially, the data was coded by
subsection of the questionnaire, but as some drivers were elaborated upon in different sections,
data from other sections was included as well. After the initial coding the field notes were read
and supporting comments to the created categories were included. This added more richness and
context to the results.
Coding of the results
The drivers of expansion of agriculture were derived from the data using the definition of
Bene et al. (2019), which states that a driver needs to have a durable impact and alter activities
and outcomes of a system over a long period. As such, two categories were created: drivers of
expansion and enabling factors that impact expansion. The answers of interviewees were
analysed and coded. Table 3 provides an overview of the codes and meta-codes used to identify
the drivers and enabling factors of expansion of agriculture. This resulted in three drivers and
seven enabling factors. The drivers of expansion identified were demand for agricultural
products, migration from the south of Brazil to west Bahia and improved technology and
mechanisation. Enabling factors (not drivers) included economic factors, environmental
circumstances, law compliance and legality, logistics and infrastructure, the producers natural
desire to expand, culture and opportunities.
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Table 3
Codes and meta-codes of drivers and enabling factors of expansion of agriculture.
Driver

Code

Enabling factor
2. Environmental
circumstances (2/2)

1. Demand
Demand

Topography

2. Migration

Energy availability
People from south

3. Law and legality

Pioneers

Law compliance

Favourable migration
conditions

Avoid bureaucracy

Colonization

Barriers-legal

Migration

License/permit

Insiders vs. Outsiders

Legal

3. Technology and
mechanisation

Enabling factor

Code

Law changes
Technology driver

Law enforcement

Opportunities technology

Role government

Code

Policies
4. Logistics and
infrastructure

1. Economic
Price

Logistics

Economic return

Infrastructure

Price of land

Infrastructure and energy

Ecosystem services

5. Producers’ natural
desire

Business opportunity

Natural desire

To gain scale

Expansion mindset

To reduce costs

Challenge

Market trends
Opportunity cost

Prestige large area
6. Culture

Tax NV

Family/culture

Land as income

Culture

Loans

Culture neighbours

Value land
Market

Mindset producers
7. Opportunities

Productivity

Opportunity neighbours

Exchange rates
2. Environmental
circumstances (1/2)

Infrastructure and energy
5. Producers’ natural
desire

Climate

Natural desire

Environmental
circumstances

Expansion mindset

Geography

Challenge

Soil
Water

Prestige large area
6. Culture

Logistics

Family/culture

Geography

Culture

Slope

Culture neighbours

High productivity
Suitability
Operational ability

Mindset producers
7. Opportunities
Opportunity neighbours

Good circumstances for
production
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2 Conceptual framework
To structure the research and analyse the results, a conceptual framework was used. The
conceptual framework consists of three aspects that helped to structure answers to the second,
third and fourth research question and to better understand conversion of native vegetation in
general. This chapter first outlines the key concepts used in this research, including the specific
definition of a driver (Bene et al. 2019). Second, an overview of global drivers of natural LUC and
expansion of agriculture is provided. Finally, the importance of inclusion of the perception of
stakeholders on land use change is discussed.

2.1 Definitions of concepts
In box 2 the key concepts that are used throughout this research are defined. This research
primarily uses the terms expansion and conversion to refer to land use change related processes.
While deforestation is a widely used term in the literature, this does not cover conversion of all
NV.
Definition of land use change related concepts
Native vegetation
Vegetation that is indigenous to an area in a geologic time (Özynavuz et al., 2013). Native plants have
traits that make them unique and able to adapt to local conditions. The native vegetation (NV) present
in the study area consists of grassland, savannah formation, and forest formation (Mapbiomas, 2020d).
Conversion of native vegetation
The process of clearing native vegetation and replacing it with another type of vegetation or land use
(Cambridge dictionary, 2020). In the literature, conversion of NV is often conflated with “deforestation”.
Deforestation solely comprises the conversion of forests to a different type of land use and does not
include the conversion of other types of native vegetation such as grasslands.
Expansion of (mechanised) agriculture
The conversion of non-agricultural land use to agricultural use (Qi, 2014).
Expansion of cattle ranching
The conversion of non-cattle ranching land use to cattle ranching land use (Qi, 2014)

Box 2. Definitions of land use change related concepts.
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Bene et al. (2019) who conducted research on drivers of food systems, criticized the
existing literature for the absence of a clear definition of what a driver entails and what it excludes.
Much of the academic literature presents drivers as events or processes that have an impact on
systems. Hazell and Wood (2007), for example, define drivers of change in global agriculture and
land use as “any natural- or human-induced factor that directly or indirectly brings about change in
an agricultural production system”.
Bene et al. (2019) critiqued this definition as too vague and including too many factors to
be useful. Therefore, Bene et al. (2019) carefully defined drivers of food systems as “endogenous
or exogenous processes that deliberately or unintentionally affect or influence a food system over a
long-enough period so that their impacts result in altering durably the activities, and subsequently
the outcomes, of that system” (p.152).
Bene’s definition comprises three important aspects that are useful in defining drivers of
conversion of native vegetation: 1) a degree of impact, 2) the duration of such impact, 3) and the
permanence of change to the system. Drivers can be endogenous or exogenous, and intentional or
unintentional. Therefore, drivers of conversion of native vegetation are defined as endogenous or
exogenous processes that intentionally or unintentionally affect or influence the conversion of
native vegetation over a long-enough period so their impacts durably alter the activities and
outcomes of conversion of native vegetation. Endogenous means that the driver takes place within
the LUC system and exogenous is outside of this system. Deliberate drivers are drivers with the
intention to change land use. The main global drivers of conversion of native vegetation, as
extracted from the literature, are presented in Table 4, and will be elaborated upon below.
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2.2 Global drivers of land use change
The conceptual framework for global drivers of land use change in (sub)tropical regions
was created using academic literature on drivers of conversion of NV, deforestation4 and
expansion of agriculture and cattle ranching, with a focus on tropical regions. Most articles
consisted of reviews that describe conversion of NV and expansion of agriculture in various
tropical regions of the world. Many articles provided a wide variety of drivers, ranging from
expansion of agriculture to low environmental standards and good environmental circumstances
such as access to water. However, using the definition of Bene et al. (2019), many of these factors
are not actual drivers, even though they impact LUC. Using this framework, one direct driver and
six indirect drivers of LUC were identified (Table 4). The direct driver is increased demand for
agricultural products, which is influenced by the following indirect drivers: growing global
population, urbanization, income growth, improved infrastructure, increased international trade
and the globalization of markets and public and private investment in frontiers. These drivers will
be elaborated upon below.
Table 4
Global drivers of land use change

Driver
1. Population growth
2. Urbanization
3. Income growth

Durable influence
Increasing since 1960s
Since 19th century
Since 19th century

4. Improved (access to) infrastructure Since 1950s
5. International trade and
globalization markets
Since 19th century
6. Public + private investment in
frontiers

Effect on actors/activities
Effect on demand for food, feed, fuel
Change in urban diets
Effect on demand food, feed, fuel
Effect on producers access to markets;
effect on lowering production costs

External/in
ternal
External
External
External

Deliberate/
unintentional
Unintentional
Unintentional
Unintentional

Internal
External/
Effect on access to international market internal

Deliberate

Effect on development of the frontier

Deliberate

Internal

Deliberate

Outcomes of land use change
As many authors have shown, increased demand for agricultural commodities such as soy,
sugarcane, and meat, is the main direct driver of LUC around the world (Richards et al., 2012; Aide
et al., 2013; Gasparri et al., 2013; Morton et al., 2006; Nepstad et al., 2011; Lambin and Meyfroidt,
2011; Lathuilière et al., 2014; Godar et al., 2015; Garret et al., 2013; Sawyer, 2008; Macedo et al.,
2012; Espirito-Santo et al., 2016; Coelho et al., 2013). This driver is influenced by various indirect
drivers such as population growth, urbanization, income growth and increased access to markets.
Figure 4 shows an overview of the main indirect drivers of LUC in (sub)tropical regions, which
results in increased demand for agriculture (a direct driver).
4 Even though deforestation is not used as a concept for this research, many scholars use the term deforestation.
Therefore ‘deforestation’ is included in the search.
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Even though the six indirect drivers of LUC are highly interconnected, a distinction can be
made between them. The first three drivers increase demand for agricultural and livestock
products, whereas the last three increase access to the markets and to land needed to produce the
commodities. As a result, this increases the ability of producers to meet the growing demand for
agricultural and livestock products.

Population growth

Urbanization

Increased demand
agricultural products

Increased demand for land
resulting in land use
change

Income growth

Legend

Improved
infrastructure

Indirect driver
Direct driver

Trade and
globalization

Increased access to
markets

Outcome of drivers
Impact LUC

Public and private
investments in
frontiers

Impact other driver

Figure 4. Conceptual framework global drivers of land use change.
Population growth
Population growth is an exogenous and unintentional driver of land use change. A growing
global population results into demand for agricultural products, often resulting in LUC (Kissinger
et al., 2012; Foley et al., 2005; DeFries et al., 2010; Garcia and Ballester, 2016; Espirito-Santo et
al., 2016). The global population is predicted to further increase to more than 9 billion people in
2050 (UNDESA, 2015). This growth in population is predicted to further increase the demand for
food, and thereby increase demand for land for agriculture (Godfray et al., 2010).
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Urbanization
Urbanization is another exogenous and unintentional driver of LUC (Hazell and Wood,
2007; Munteanu et al., 2014; Defries et al., 2010). As a result of urbanization, the diets of people
in urban areas change, often resulting in consumption of processed (and protein-based) products
(Hazell and Wood, 2007). Furthermore, the expansion of urban areas has direct effects on LUC,
including deforestation (Munteanu et al., 2014). Fifty-five percent of the global population
currently lives in urban areas and this is projected to increase up to 68% in 2050 (UNDESA, 2018).
Income growth
The third exogenous and unintended driver of LUC is income growth, which results in an
increased consumer demand for soy and meat products (Aide et al., 2013; Gasparri et al., 2013;
Nepstad et al., 2011; Lambin and Meyfroidt, 2011; Garret et al., 2013; Lathuilière et al., 2014;
Godar et al., 2015). Such income growth often results in the growth of national and international
markets (Rudel, 2007; DeFries, 2010). Especially in emerging economies, the consumption of
animal protein usually increases as the income grows, resulting into an increased demand for
meat products and feed for cattle (Aide et al., 2013; Gasparri et al., 2013). Hazell and Wood (2007)
explain that on the household level diets of consumers diversify as their income increases,
resulting in increased demand for higher value products such as livestock.
Improved infrastructure
Improved (access) to infrastructure is an endogenous driver of LUC that can either be
deliberate or intentional (Geist and Lambin, 2003). Improvements in the transport network –
including the increase in the number and accessibility of (Stefanes et al., 2018) roads (EspiritoSanto et al., 2016; Verburg et al., 2014; Richards et al., 2012; Jasinski et al., 2005), ports and
waterways (Richards et al., 2012) – have reduced the cost of transportation (Kaimowitz and
Angelsen, 1998; Espirito-Santo et al., 2016), thus bringing down the cost of production (Arvor et
al., 2012) and increasing profits. High profits often result in higher production, which often leads
to investments in more expansion. An example of an internal and deliberate driver is improved
infrastructure aimed at facilitating development of a region by changing the type of land use.
Furthermore, improved infrastructure results in increased access to inputs, output markets,
services and technologies (Hazell and Wood, 2007).
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International trade and market globalization
The fifth driver, international trade and globalization of markets is an exogenous and
deliberate driver (Hazell and Wood, 2007; Lambin et al., 2003; Laurance et al., 2001), which has
expanded access to markets (Geist and Lambin, 2003), thereby increasing the export orientation
of producers (Schmink, 1994). This linkage to the international demand has created a powerful
incentive to increase production of commodities, and thereby invest in LUC in the region. Hazell
and Wood (2007) explain that since the 1960s the international trade of agricultural products has
increased tenfold as a result of liberalization of markets, more open trade policies and
improvement in transport and communication systems. This resulted in increased competition in
export and national markets for agricultural commodities, an increase in demand for higher
quality foods, domination of agricultural trade by a handful of large trading companies, and an
increase in the distance between the locations of food production and consumption.
Public and private investment in frontiers
The sixth global driver of LUC, public and private investment in agricultural frontiers is an
internal and deliberate driver. Access to credit for agriculture (Laurance et al., 2001; Geist and
Lambin, 2003; Alvarez and Naughton-Treves, 2003) is an example of such an investment. Such
credits are often provided by national governments but are increasingly provided by the private
sector. Other investments incentivize migration to frontier regions and provide financial
incentives to stimulate the flow of financial and human capital to frontiers (Brannstrom et al.,
2008; Jepson, 2006; Jepson et al., 2010). Such investments are increasingly private investments.
Increased access to markets
Improved infrastructure, trade and globalization and public and private investments in
frontiers increase the access to (global) markets. This increased access increases producers’
ability to meet the international demand. At the same time, access to this international demand
results in increased expansion of agriculture to meet this demand.
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2.3 Perception of stakeholders
This section explains the importance of inclusion of the perception of producers and key
actors in this research.
In order to better understand what influences conversion of NV, it is important to address
factors that motivate producers to expand agriculture. Thompson et al. (2015) argue that when
environmental issues with regard to the agricultural sector are addressed, it is important to
understand producers’ motivations for their practices. This perspective can provide insight in
factors on the ground that play an important role in such environmental challenges. Poppenborg
and Koellner (2013) add that increased understanding through the inclusion of producers can
increase the strength of possible policy advice deriving from the research. Rural producers can
thus play an important role in implementing environmental policies, especially in Brazil where
producers are required to maintain a percentage NV on their property, depending on the location
of their property (Celio et al., 2014). In addition, the impact of decisions of rural producers can
have an impact on people, flora and fauna outside of the property (Edwards-Jones, 2006).
Producers carefully weigh the costs and benefits of their decisions with regard to
environmental preservation, using their beliefs and attitudes as a guidance, while taking policies
into account with regard to preservation (Celio et al., 2014). Other authors researched producers’
attitude towards maintaining ecosystem services (Vignola et al., 2010; Poppenborg and Koellner,
2013) and their willingness to take part in environmental governance (Greiner and Gregg, 2011;
Davies and Hodge, 2006).
Moser (2010) and Rangel et al. (2008) explained that in the process of decision-making,
people follow a specific set of values, choosing the behaviour that results in the largest perceived
utility. Especially certainty and direct benefits from the behaviour steer such decision-making
processes.
Various studies have been conducted on producers’ attitudes, perception and motivation
towards environmental policies and conservation. Such research focussed, for example, on
restrictions to deforestation (Schmidt and McDermott, 2015). Reed et al. (2009) describe various
methods to include the perception of stakeholders when researching the management of natural
resources, ranging from interviews to focus groups and knowledge mapping. The method that was
used in this research were semi-structured interviews. Stakeholders were asked specific
questions with regard to the view of producers and key actors on NV and expansion were asked.
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3 Background on study area
This chapter provides background information on the region of west Bahia. First some
demographic information on Bahia is provided, followed by information on agricultural
production and suitability for agricultural production. Subsequently some demographics about
the seven municipalities in the study area are provided. Finally, the most important conservation
policies in Brazil are discussed.

3.1 Demographic information on Bahia state
Bahía is a state in the northeast of Brazil, bordering Minas Gerais and Espirito Santo to the
south; Goias and Tocantins to the east; Piauí, Pernambuco, Alagoas and Sergipe to the north; and
the Atlantic Ocean to the east. The state of Bahía spans 564.723 km2 and has nearly 15 million
inhabitants distributed over 117 different municipalities (IBGE, 2020). The GDP of Bahía was
R$167.7 trillion Brazilian Reais in 2012, representing about 3,8% of Brazil’s total GDP (Knoema,
2020). The superintendence of economic and social studies in Bahía estimated that the
contribution of agriculture to the Bahían GDP was 23,5% in 2017 (R$60.8 million Reais) (SEI,
2018). Furthermore, 2,1 million people were employed in agricultural establishments in Bahía in
2018 (IBGE, 2017), indicating that many people in rural Bahía depend on agriculture for their
income.

3.2 Agricultural production in Bahia
Agricultural production in the state of Bahia is significant, with more than 11 million tons
of agricultural products produced in 2018 (IBGE, 2018). As can be seen in Table 5, the gross part
of the production comprises of soy (55%), corn (20%) and cotton (11%), which covers 79% of
the planted area. The value of the production of the three main agricultural commodities is highest
for soy (R$7,1 billion Reais) followed by cotton (R$3,6 billion Reais), and corn (R$1,1 billion
Reais). From 2017 to 2018 the harvested are increased significantly, and had an increase of 32%
of corn, 31% of cotton and 5% of soy harvested area (IBGE, 2017; IBGE, 2018). The total value of
the production is highest for soy, but the value of the production per hectare is highest for cotton.
The total area with agricultural establishments in Bahía is 28 million hectares, which is
divided amongst 763 thousand establishments (IBGE, 2017). The average size of establishments
varies widely, ranging from smaller than one hectare to tens of thousands of hectares, and
averaging 37 hectares. In addition to crop production, about 8.2 million heads of cattle are
produced in Bahía. Most producers in Bahía are individuals (549.000 establishments) (IBGE,
2017), but some often produce as part of cooperatives, consortiums or partnerships (211.000
establishments).
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Table 5
Agricultural production of three main crops in Bahia in 2018.
Agricultural production in Bahía in 2018
Soy
Harvested area (in hectares) 1.603.133
Quantity produced (in tons) 6.310.605
Value of production (x1000
Brazilian Reais)
7.102.208

% soy/total
67,2
64,2

Corn
516.956
2.265.139

% corn/total Cotton
21,7
267.107
23,1
1.247.641

% cotton/total Total
11,2
2.387.196
12,7
9.823.385

60,1

1.149.047

9,7

30,2

3.570.455

11.821.710

3.3 Suitability for agriculture in west Bahia
The region of west Bahía borders the states of Tocantins and Goiás to the west; Minas
Gerais to the south; and Piauí to the north. The region is almost entirely located in the Cerrado
biome. The area of west Bahía consists of plateaus, where most agriculture takes place, as well as
valleys. The climate in west Bahía is predominantly tropical, with an average temperature of 18
to 22o Celsius, a wet season from October to April and a dry season from May to September (Felfili
and Felfili, 2001).
The western-most part of west Bahía is highly suitable for agriculture (figure 5),
containing widespread flat areas (Goedert, 1989) and a region with relatively high mean annual
rainfall. Geographic factors, which make it easier for farmers to clear this part of the Cerrado and
use mechanized production techniques (Goedert, 1989), together with climatic factors and
agronomic technologies to improve soil quality, have contributed to the high production of
soybeans, cotton and corn in west Bahía (Oliveira et al., 2014). This suitability declines towards
the east (de Oliveira et al, 2017), which has significantly lower mean annual rainfall. As a result,
crops in the west are mostly rainfed, whereas crops in the east are irrigated (Flores et al., 2012;
Spagnolo et al., 2012).

Figure 5. Maps of terrain and rainfall attributes west Bahia.
Note. (a) = elevation in meters. (b) = slope in degrees. (c) = mean annual rainfall (mm). Adapted from de Oliveira et al.
(2017).
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3.4 Characteristics of the study area
While the sections above presented contextual background on the state of Bahia and the
western part of Bahia, the following section presents background information on the
municipalities visited. The size of the municipalities that were included in in the study area vary
from 3941 km2 to 15.902 km2, averaging about 10.000 km2. Along with the size of the
municipalities, Table 6 provides an overview of the main demographic information for the focal
municipalities. The population density also varied widely, ranging from 8385 people in Jaborandi
to 155.439 in Barreiras, the latter having the highest municipal human development index (MHDI)
and the highest realised revenue (IBGE, 2018). The municipalities included in this study had a
combined revenue of R$1.4 billion Reais, which was 2,8% of the total revenue of Bahía in 2017.
The GDP per capita is highest in São Desidério and lowest in Barreiras, averaging R$47.4
thousand Reais.
Table 6
Demographics of the study area
Demographics Study area

Municipality
Formosa do Rio
Preto
Riachão das Neves
Luís Eduardo
Magalhães
Barreiras
São Desidério
Correntina
Jaborandi
Average
Bahía

Area - km²
[2018]
15.902
5.979

Population
Estimate people
[2019]

Demographic
density inhab/km²
[2010]

25.591
22.339

1,38
3,87

3.941
87.519
7.860
155.439
15.116
33.742
11.492
32.137
9.989
8.385
10.040
52.165
564.723 14.873.064

15,25
17,49
1,82
2,62
0,94
6,2
24,82

Municipal human
development
Revenue - GDP per
index
R$ (×1000) capita - R$
[2010]
[2017]
[2017]
0,618
0,578

115.660
68.541

67.322
28.482

0,716
305.247
57.502
0,721
567.804
24.676
0,579
166.862
69.979
0,603
123.134
37.915
0,613
43.232
45.886
0,633
198.640
47.395
0,660* 50.191.003 167.7 trillion

Note. Municipalities ordered from north to south. Data derived from IBGE (2018).

Most land in the municipalities is occupied by rural properties (76,8%). The area occupied
by rural properties ranges from 69% in Barreiras to 84% in São Desidério. The rest of the land in
the municipalities most likely comprises urban areas, roads, protected areas and properties not
registered in CAR. There are 24.032 CAR registered properties in the study area (IBGE, 2018). As
classified by the amount of fiscal modules5, most of these properties (84% or 20.203 properties)
5
To determine whether a rural property is a small, medium or large size property the fiscal module, or modulo fiscal, is used as a unit
of land measure. The fiscal module (FM) is expressed in hectares and was originally set up for tax purposes (Chiavari and Lopes, 2015).
The size of a fiscal module differs by municipality and ranges from five hectares to 110 hectares. Small properties are properties with
four or less fiscal modules, medium sized properties are properties between more than four fiscal modules and fifteen fiscal modules,
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are small properties, which together occupy an area of 533.000 hectares. Just 11% (2644
properties) are classified as medium-sized properties, occupying a combined area of 1.374.000
hectares. Large properties occupy by far the most land, about 3.2 million hectares, divided among
1158 properties (4,8% of the total properties in the study area). These properties have an average
size larger than 979,5 ha. In total less than 5% of all producers (large holders) occupy 63% of the
area, and 84% of the producers (smallholders) occupy only 10% of the total area. Table 7 shows
the number of producers per size class in each municipality. São Desidério has the greatest
number of large producers (350, or 6,3%), whereas Correntina has the largest number of small
producers (5328, or 91,7%).
Table 7
Size of properties per municipality
Size of properties per municipality
Small

Medium

Large

Amount of % total producers % of area
Amount of % total producers % of area
Amount of % total producers % of area
producers per municipality municipality producers per municipality municipality producers per municipality municipality
Formosa Do Rio Preto
2910
78,8
9,8
571
15,5
23
210
5,7
67,2
Riachão Das Neves
1661
82,7
13,9
244
12,2
28,4
103
5,1
57,7
Barreiras
3688
86,8
12,3
423
10
41,8
138
3,3
45,9
São Desidério
4519
80,7
8,9
733
13,1
30,7
350
6,3
60,4
Correntina
5328
91,7
11,8
265
4,6
16,7
216
3,7
71,5
Jaborandi
2100
78,6
9,2
432
16,2
26,9
141
5,3
63,9

3.5 Soy and beef production and trade
More than 5 million tons of soy were produced in the study area in 2017 (Trase, 2017a).
The production was highest in São Desidério (1.4 million tons of soy) and lowest in Jaborandi
(233.000 tons of soy). Two municipalities dominated beef production in the region: Luís Eduardo
Magalhães (LEM) (376 ton) and Jaborandi (82 ton) (Trase, 2017b). The pasture area in LEM is
relatively small compared to other municipalities (20.000 ha), but the cattle production is also
more intensive. The beef and soy produced in the study area was exported to various countries in
2017 (Table 8). Soy was mainly exported to China (2.2 million tons), and a bit more than half of
that (1.3 million tons) was used for domestic consumption. Other important markets include
several European countries, as well as Japan. Mainland China and Hong Kong were the largest
importers of beef, totalling 257 tons of beef in 2017. Other countries importing from the study
area were Egypt, Iran, the United States, the Russian Federation and the United Kingdom.

and large properties have a size of more than 15 fiscal modules (INCRA, 2020). Because the fiscal modules differ per municipality, the
size of small properties can differ between 20 ha in Southern Brazil and 440 ha in the Amazon (Soares-Filho et al., 2014). The size of
one fiscal module in the municipalities in the study area range from 65,07 ha to 65,56. To classify the size of the properties included
in this research, the average size of the fiscal module in the study area is used, which amounts to 65,3 ha.
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Table 8
Main importing countries of soy and beef from study area in 2017
Importers soy
t
Importers Beef
t
China (mainland)
2.224.745 China (Hong Kong)
Brazil
1.325.412 China (mainland)
Germany
378.418 Egypt
France
215.405 Iran
Spain
158.144 US
Japan
145.835 Russian Federation
Netherlands
92.304 United Kingdom
Total
4.540.263 Total

170
87
74
47
29
26
8
441

Note. Data retrieved from Trase (2017ab).

3.6 Conservation policies
Below, the two most important conservation policies in Brazil are described:
conservation units and the Forest Code. An elaborated version of these policies can be found in
the supplementary material in Appendix 6.

3.6.1 Conservation units
Brazil’s Sistema Nacional de Unidades Conservação, or National System of Conservation
Units (SNUC), is a system that includes all conservation units in Brazil, from the municipality to
the state and national level (MMA, 2019). Conservation units (CU’s) are divided into 12 groups
with various levels of protection, ranging from sustainable use to full protection. CU’s are
monitored and managed by environmental agencies on the national, state and municipal level.
The total area of the Cerrado that is conserved under CU’s is 8.3%, of which 3,9% are federal CU’s
and 4,4% are state CU’s. Most of this is sustainable use (5,2%) and the rest is fully protected
(3,1%). This is far below the target of 10% as stated in the National Biological Diversity Policy in
Decree 4,399/2002, that was supposed to be reached by 2010 (Ganem et al., 2013).

3.6.2 Forest Code
The Forest Code (FC) is one of the most important pieces of legislation to combat climate
change and increase efficiency of land use (Soares-Filho et al., 2014; Chiavari and Lopes, 2015).
The FC describes rules with regard to the use and conservation of natural vegetation in privatelyowned land in the Amazon and Cerrado biome and consists of two legally binding instruments:
The Forest Legal Reserves (FLR) and the Permanent Preservation Areas (APP). These guidelines
are monitored and controlled through the Rural Environmental Registry (in Portuguese: Cadastro
Ambiental Rural, CAR), a nation-wide online registry within which people describe the boundaries
of their property, including the amount of native vegetation, farmland, APP’s and FLR’s
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(Sambuichi et al., 2014). Registration in CAR is needed to exercise rights in the FC, such as getting
access to (public) rural credits and to obtain authorization to clear natural vegetation within their
property.
APPs are areas that are critical to maintain important ecosystem functions, such as soil
stability, a steady and clean water supply and regulating local weather cycles (Chiavari and Lopes,
2015). APPs often include watersheds such as lakes and riverbanks, but also steep slopes and
hilltops.
The FLR is an addition to APP’s and requires that every rural property needs to set aside
a percentage of the property for conservation. In the Cerrado 20% of each rural property needs
to have natural vegetation (Noojipady et al., 2017; Chiavari and Lopes, 2015). In FLR’s sustainable
forest management such as agroforestry is allowed (Sparovek et al., 2010).
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4 Results
In this chapter the results of the research will be discussed. First, the results of the GIS
analysis are presented, identifying the municipalities that are hotspots of conversion of native
vegetation (Question 1). Second, the results of the systematic literature review are discussed,
addressing the main drivers (Question 2) and enabling factors (Question 3) contributing to
conversion on NV. Third, the results from the fieldwork in west Bahia are discussed, providing
insights into the main drivers and enabling factors from the perspective of producers and key
actors in the region (Question 4). Finally, a summary of the main findings is provided.

4.1 Land use change hotspots in west Bahia
The section below answers research question one by using a GIS analysis to identify
hotspots of conversion of NV in west Bahia. The history of land cover and land use change in west
Bahia (1968-2018) is discussed first, including the main transitions from NV to anthropic land
uses and from pasture to croplands. Based on the above-mentioned analyses, the hotspots of
conversion of natural vegetation were identified, as well as the primary land uses in each hotspot.

4.1.1 Native vegetation loss attributable to crop and pasture
The total area of the GIS mapping included 65 municipalities in the western part of Bahia
and consisted of 319.690 km2, about 7.7 times the size of the Netherlands. When conducting the
GIS analysis, the bounding box coordinates -46.65113 E; -15.50268 S and -42.49822 W; -9.099485
N were used. In 1986, 84,5% of west Bahia was covered with native vegetation, which decreased
to 70,8% by 2018. This represents a loss of almost 44.000 km2, or 16,2%, of native vegetation. The
three native vegetation classes found in west Bahia are forests, savannah woodlands, and
grasslands. Savannah formed the largest native vegetation class in west Bahia and was 76% of the
total native vegetation cover in 2018, followed by grassland (17%) and forests (7%). As Table 9
and figure 6 show, all three classes of native vegetation decreased over the period 1986-2018.
Expansion of agriculture and pasture were the main reasons for the loss of natural vegetation,
converting almost 26.000 km2 of savannah, 14.000 km2 of grassland and 3700 km2 of forest during
the study period. While native vegetation cover declined significantly in West Bahia, farmingrelated land use increased. The largest increase was in croplands, which increased by more than
26.000 km2 (almost 670%) over the study period. Even though pasture covers twice as much land
as croplands in west Bahia, pasturelands expanded more slowly, just 40% or 16.881 km2 from
1986-2018.
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Table 9
Land cover and land use in west Bahia in 1986 compared to 2018
Total LU cover (km2)
1986
Total NV
Forest
Savanna
Grassland
Total anthropic
Crop
Pasture
Other

269.993
19.127
197.633
53.234
46.953
3.898
43.055
2.744

Total LU cover (km2)
2018
Difference in km2
226.288
15.411
171.765
39.113
89.935
29.999
59.936
3.466

Difference in %

-43705
-3716
-25868
-14121
42.983
26.101
16.881
722

-16,2
-19,4
-13,1
-26,5
91,5
669,6
39,2
26,3

As can be seen from figure 6, the most common land use transition in west Bahia is the
conversion of savannah to pasture, followed by grassland to crop, savannah to crop and grassland
to pasture. The conversion of pasture to crop showed an increased trend until 2015.

Figure 6. Land use transitions in west Bahia from 1988 – 2018.
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4.1.2 Hotspots of conversion of native vegetation
Most conversion of NV in west Bahia happened within an area of 70.351 km2. Figure 7
shows that expansion of crop mostly happened in the western part of west Bahia, while pasture
cover was predominantly in the east. While savannah land cover areas faced the highest losses in
absolute terms, in relative terms the loss of grassland cover was highest which decreased by
26,6% between 1986 and 2018. Forest cover areas reduced by 19,4% and savannah by 13,1%. Of
the 65 municipalities included in the GIS analysis, six municipalities accounted for 35,3% of all NV
conversion. These hotspots included the municipalities of Formosa do Rio Preto, São Desidério,
Correntina, Barreiras, Jaborandi and Riachão das Neves. A seventh municipality, Luís Eduardo
Magalhães (LEM), was added during fieldwork since it was found that Barreiras had been divided
in 2000, creating LEM. This municipality also had a high conversion rate of NV. In Appendix 3 a
map with the location of the different municipalities can be found.
In the seven municipalities in the study area, 82% of the NV was directly converted to crop
(22.564 km2) and 18% directly to pasture (4919 km2). The type of native vegetation that is
converted most in these seven municipalities is grassland (59%), followed by savannah (37%)
and forest (3%). Table 10, which presents the numbers of land use change in km2, shows that
conversion of native vegetation was highest in São Desidério, (6043 km2,, the large municipality
in the middle of figure 7) and Formosa do Rio Preto (5952 km2, the most northern municipality in
figure 7). The transitions of grassland to crop and savannah to crop accounted for most of this
conversion. The conversion of savannah to pasture played a smaller but still significant role. These
trends were representative of other municipalities in the study area. Forests are the type of NV
that was converted least, although the conversion of forests in Formosa do Rio Preto and
Correntina was still significant. In LEM, 53,5% of the native vegetation has been converted since
1986. Most other municipalities had a reduction in NV cover of around 40%. Jaborandi is one
exception, where NV cover decreased by just 27,6%.
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Figure 7. Land use and land cover change in study area in west Bahia from 1986 to 2018.
Note. A = Map with land use and land cover in west Bahia in 1986. B = Map with land use and land cover in west Bahia
in 2018. C = Land use transition in west Bahia between 1986 and 2018. Inset = Location of west Bahia within Brazil.

Table 10
Land use transitions in focal municipalities from 1986-2018
Land use transitions in municipalities from 1986-2018
São
Formosa do
Transition
Desidério
Rio Preto
NV to anthropic total (km2)
% of NV municipality converted
NV to Crop total (km2)
Forest to Crop
Savanna to Crop
Grassland to Crop
NV to Pasture total (km2)
Forest to Pasture
Savanna to Pature
Grassland to Pasture

6043
39,9
4966
75
1206
3685
1077
18
677
381

5952
38,1
5588
316
1896
3376
364
23
292
49

Correntina
4445
38,6
3547
271
1338
1938
897
63
597
237

Barreiras

Jaborandi

3574
44,4
2883
23
701
2160
691
9
524
158

2748
27,6
2014
39
480
1494
734
9
453
272

Riachão das
Neves
2564
42,9
1571
27
535
1010
992
4
957
31

Luís Eduardo
Magalhães
Total
2158
53,5
1995
19
436
1540
163
4
61
98

27483
40,7
22564
770
6593
15202
4919
131
3562
1226

Note. Municipalities are ordered from high to low conversion of NV.
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4.1.3 Summary of land use change in west Bahia
The GIS analysis revealed that between 1986 and 2018 the conversion rate of NV to
anthropic land use in west Bahia was very high. From the anthropic land uses, pasture cover
dominated, but cropland cover increased rapidly.
Cropland expansion and conversion of NV were especially high in the seven municipalities in the
very western part of Bahia. These hotspots together account for 35,3% conversion of NV in west
Bahia. Expansion of cropland was responsible for 82% of conversion of NV in these municipalities,
while pasture expansion was responsible for 18%. The types of native vegetation that were
converted most in these seven municipalities were grassland (59%) and savannah (37%). While
cropland most often replaced grassland, pasture most often replaced savannah. Furthermore, the
analysis showed that expansion of agriculture and pasture usually happened over NV, while
expansion of agriculture over pasture only played a small role in the LUC scheme. This analysis
was essential to gain a better understanding of LUC in west Bahia and more specifically in the
hotspots. This provided insights into producers’ considerations in deciding when and where to
expand and gave valuable spatial and temporal context for the fieldwork.
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4.2 Results systematic literature review land use change Cerrado
While the previous section showed the amount of conversion of native vegetation and the
land uses that followed this conversion, this section describes the drivers of LUC in the Cerrado.
Five direct drivers and seven indirect drivers of LUC were extracted from a systematic literature
review. In addition, enabling factors were found to play an important role in conversion of native
vegetation. This section first describes the type of land cover usually replaces NV in the Cerrado,
after which the drivers and enabling factors are presented. Finally, the main results are
summarized.

4.2.1 Land cover change
The Cerrado biome has transformed rapidly from an area of low productivity and
abundant native vegetation into Brazil’s largest producer of soybeans, with a large extent of of
pastureland (Klink and Moreira, 2002). Many authors have shown that native vegetation in the
Cerrado is primarily converted for the expansion of (mechanised) agriculture (Bonanomi et al.,
2019; De Arruda et al., 2019; Stefanes et al., 2018; Sprangler et al., 2017; Moraes et al., 2017; Gosch
et al., 2017; Espirito-Santo et al., 2016, Richards et al., 2012; Arvor et al., 2012; Macedo et al., 2012;
Verburg et al., 2014, Brannstrom et al., 2008) and cattle farming (Moraes et al., 2017; Gosch et al.,
2017; Espirito-Santo et al., 2016, Richards et al., 2012; Arvor et al., 2012; Verburg et al., 2014;
Brannstrom et al., 2008). The primary agricultural product driving recent conversion of native
vegetation in the Cerrado is soybean production (Espirito-Santo et al., 2016; Garret et al, 2013;
Volpi, 2010; Brannstrom et al., 2008; Gibbs, 2015; Morton et al., 2006). Sugar cane is another
agricultural product reported to replace NV, but mainly in state of São Paulo (Moraes et al., 2017),
which is outside the study area. Other land uses that replace NV are timber logging (Arvor et al.,
2012) and plantation forestry for carbon sequestration (Verburg et al., 2014).

4.2.2 Drivers of land use change
The literature review revealed five drivers of land use change in the Cerrado are the
increased demand for agricultural and livestock products; migration from the south of Brazil to
the north; improved technologies and information; improved infrastructure and increased access
to international markets. As can be seen in figure 8, the drivers are highly inter-connected and are
indirectly influenced by global, national and local indirect drivers. Two other enabling factors (not
drivers) were found to play an important role in conversion of native vegetation. These factors
are environmental circumstances and infrastructure and are especially important for determining
where expansion of agriculture and pasture takes place. Drivers of LUC in the Cerrado that
confirmed the drivers from the conceptual framework on global LUC drivers are indicated with
an asterisk (*).
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Figure 8. Flowchart of drivers and other factors that influence conversion of native vegetation in the Cerrado.
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4.2.2.1 Increased demand for crops and livestock
The main direct driver of expansion of agriculture and cattle farming in the Cerrado was
the high and increasing global demand for agricultural products such as soy, sugar and meat (De
Arruda et al., 2019; Richards et al., 2012; Aide et al., 2013; Gasparri et al., 2013; Morton et al.,
2006; Nepstad et al., 2011; Lambin and Mayfroidt, 2011; Lathuilière et al., 2014; Godar et al., 2015;
Godfray et al., 2010; Ray et al., 2013), especially in China and the EU (Macedo et al., 2012; EspiritoSanto et al., 2016; Coelho et al., 2013). In addition to the international demand, there was a
growing domestic market for soy and meat products (Garcia and Ballester, 2016; Garret et al,
2013) and high demand for ethanol and sugar (De Arruda et al., 2019). The increased demand was
influenced by several indirect economic, socio-economic and governmental drivers.
Several economic factors indirectly increased the demand for agricultural and livestock
products, such as the growth of the international market (Garret et al, 2013). Because demand
was high, global prices for products such as soy were also high (Garret et al, 2013). People may
respond to such economic opportunities (high demand and higher prices) by increasing
production (Garcia and Ballester, 2016) through expansion of agriculture and cattle farming. The
higher the price of the commodity, the more people will be inclined to increase its production
(Verburg et al., 2014). Another economic factor that increased the demand for Brazilian soy, and
increases its global price, is a reduced supply of protein for the international market elsewhere
(Garret et al, 2013). The increased price of protein may thus stimulate further expansion
(Richards et al., 2012).
In order to meet the increased demand in agricultural and livestock products, the Brazilian
government had adopted several policies that aim to stimulate economic growth, especially by
stimulating an increased supply of such products (Moraes et al., 2017). To stimulate the supply,
the government provided cheap or subsidized credit and other price supports targeted to largescale production (De Arruda et al., 2019; Garret et al, 2013). The main example of this is the
National Rural Credit System (SNCR), which was enacted in 1965 and is regarded as the most
important policy for agricultural development (Almeida and Zylberstain, 2008). The SNCR
provided loans at very low or even negative interest rates and was meant for farmers to purchase
land, to use it for operational expenses and for price support in general for soy production (Garret
et al, 2013). This subsidized credit increased the profits of the producers, which resulted in a
higher demand for land and an increase in land prices (Klink et al., 1993). Large producers of
commodity crops such as soybean were eligible for these credits, as the size of the planted area
determined whether loans were allocated (Goedert, 1990; Defante et al., 1999; Souza et al., 2015).

Some of the credit lines that the government provided to farmers were criticized for facilitating
an increase in land use change, but not in the yield per hectare (Garret et al, 2013), so that they
demanded more land. Today, many of the SNCR loans have been replaced by other types of loans
and cooperatives, and multinational companies have been taking an increasingly important role
in financing agriculture (Santana and Nascimento, 2012). Such multinationals adopt ‘contract
farming’, which means that they provide farmers with packages of their technologies, such as
improved seeds, pesticides and fertilizers. The debt is paid back with the agricultural product
upon harvested.
Policies from the government also had an indirect impact on the expansion of agriculture
and the conversion of native vegetation. Policies to stimulate domestic consumption of soy in
Brazil are an example of this (Garret et al, 2013).
Socio-economic factors that resulted in an increased demand for agriculture and livestock
products (Moraes et al., 2017; Garcia and Ballester, 2016; Jasinski et al., 2005) include population
growth (Espirito-Santo et al., 2016, Garcia and Ballester, 2016), as well as the urbanization and
income growth in emerging economies (Garret et al, 2013). Global and local population growth
have had a large impact on land use change in the Cerrado. Global population growth has been
driving demand because there are more mouths to feed. The rapid population growth in Brazil in
the 1970s, in combination with the governments’ active encouragement for people to settle in the
Cerrado, prompted rapid growth of the historically low population density in the Cerrado (Jepson
et al., 2010; Lucarelli et al., 1989). Urbanization and income growth in emerging economies drove
the demand in a different way. As income of emerging economy grows, so does the amount of
animal protein consumed per capita, which in turn increases the demand for meat products and
cattle feed.

4.2.2.2 Migration from the south to the north of Brazil
The second direct driver of expansion in the Cerrado is the migration of people from the
south to the north (Verburg et al., 2014; Garret et al, 2013; Richards et al., 2012). The main drivers
of this migration were government incentives designed to encourage people to migrate and clear
areas for agriculture in the 1970s (Arvor et al., 2012). Two examples of government programs
that stimulated migration to the Cerrado are POLOCENTRO and PROCEDER. POLOCENTRO
(Program for the Development of the Cerrado) stimulated producers to settle in areas of the
Cerrado with good agricultural potential between 1975-1985. Next to subsidized loans – many of
which were converted into gifts due to inflation – the government invested in the development of
agricultural technologies and improved infrastructure (Klink et al., 1995). In 1985 a new
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development program was set up for the Cerrado: The Brazil-Japan Cooperative Program for the
Development of the Cerrado, or PROCEDER. To bring expertise and development to the Cerrado,
experienced farmers from the south of Brazil were encouraged to settle in the Cerrado in return
for favourable loans from both governments. Farmers from the south of Brazil were willing to
migrate and bought large parts of land in the northwest, using it for cattle ranching and extraction
of resources. This migration, the so-called ‘private colonization’, used the subsidies from the
government to exchange the small farms they owned in the south (5-50 ha) for large farms in the
north (4250 ha) (Brannstrom et al., 2008). This migration resulted into the development of the
Cerrado, coinciding with large conversion of native vegetation. A combination of national policies
to stimulate agricultural expansion and state programs in Bahia to support the agribusiness in
2000 and 2001 resulted in a flux of migration from southern Brazil to western Bahia (Brannstrom
and Brandão, 2012). This relatively recent colonization in west Bahia is largely responsible for
turning the region into the new agricultural frontier (Brannstrom, 2005).

4.2.2.3 Improved technologies and information
Improved technologies and (access to) information is a third driver of expansion in the
Cerrado. The productivity of crops in the Cerrado was very low due to soils with high levels of
aluminium, high acidity and low fertility (Motta et al., 2002). The Cerrado was thus characterised
as cheap land with very poor soil quality (Klink and Moreira, 2002), which is where the Cerrado
derived its name – the word ‘Cerrado’ means ‘closed land’. Scientific advances and agronomic
techniques such as the addition of fertilizer and lime (Lopes et al., 2004; Hunke et al., 2015) and
improved environmental characteristics (Garret et al, 2013; Arvor et al., 2012; Brannstrom et al.,
2008) made the ground more suitable for production. The introduction of new crop varieties also
contributed to increase productivity, which drove further expansion (Garret et al, 2013). This
opened up areas that were previously unsuitable for agricultural production and thus resulted in
a rapid expansion of large-scale agricultural production and pastures, at the expense of native
vegetation (Marris, 2005; Jepson et al., 2010). Traditional subsistence farmers made way for large
scale, intensive and mechanised agriculture that ensured a very high productivity (Klink and
Moreira, 2002). As a result, the number of farming properties decreased significantly between
1986 and 2002, while the mean property size increased five-fold. Because of technologies and
machinery, fewer workers were needed to work on the land and the growth of employment
decreased (Klink et al., 1993; 1995).
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4.2.2.4 Improved infrastructure
Improved (access) to infrastructure is the fourth driver extracted from the literature
review. Historically, the lack of infrastructure was one of the main obstacles for development of
the Cerrado, especially the lack of connection to major urban areas on the coast (Klink and
Moreira, 2002). After the Brazilian capital was relocated from the coast (Rio de Janeiro) the centre
of the country (Brasília) in 1960, connectivity increased and roads opened up to connect Brasília
to major cities on the coast, in the southeast and in the Amazon (Lucarelli et al., 1989). Next to the
increase in the number and accessibility of roads (Guerra et al., 2020; Stefanes et al., 2018;
Espirito-Santo et al., 2016; Verburg et al., 2014; Richards et al., 2012; Jasinski et al., 2005),
improvements to the transport network included an increase in ports and waterways (Richards
et al., 2012). The improved infrastructure created new opportunities for people to occupy the
Cerrado. Furthermore, it reduced the cost of transportation (Miranda et al., 2019) and production
(Arvor et al., 2012) and led to higher profits. High profits often result in higher production, which
can lead to more expansion.

4.2.2.5 Increased access to international markets
The fifth and final driver of land use change in the Cerrado is increased access to
international markets. Economic reforms in response to the economic crisis in 1970, combined
with the high international demand for agricultural products, such as from China, increased
exports (Fochezatto, 2003). In the 1990s the Brazilian government removed other obstacles to
bring agricultural products to the international market. These reforms included the introduction
and stabilization of the Brazilian currency (Real), a reduction on export taxes and tariffs, and the
creation of MERCOSUR (the Common Market of the Southern Cone) (Helfand and Rezende, 2004;
Hecht and Mann, 2008). Furthermore, the end of Brazil’s military dictatorship, establishment of a
demographic government, and liberalization of the market increased investments in the
production of commodities for export. These factors eased imports of Brazilian products and
opened up new markets for Brazil’s farmers (Richards, 2012), resulting in a fourfold increase in
exports from 1997 to 2017 (MAPA, 2020). As a result, the cropped area increased, and production
expanded.
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4.2.3 Enabling factors of expansion of agriculture in the Cerrado
In addition to drivers of conversion of native vegetation, enabling factors were derived
from the literature review. These factors are environmental circumstances and infrastructure,
which will be discussed below.
Environmental circumstances play an important role in expansion of agriculture. Although
they do not drive expansion, they do affect conversion of NV (Moraes et al., 2017) because they
often determine the suitability of a given location for agricultural production. Areas with a high
potential for agriculture or cattle ranching are more likely to be converted (Espirito-Santo et al.,
2016; Volpi, 2010). Such areas are characterised by a favourable humidity index, low slope
(Espirito-Santo et al., 2016; Jasinski et al., 2005), access to water (Garcia and Ballester, 2016) and
high productivity in neighbouring areas (Garret et al, 2013). The type of soil and previous land
cover also impact how likely it is that an area will be converted (Jasinski et al., 2005). In westBahia there are few topographic barriers to starting or expanding agriculture (Brannstrom et al.,
2008).
Production-related infrastructure such as (expansion of) existing cattle ranching or agricultural
production infrastructure (Garcia and Ballester, 2016;) often determines where expansion takes
place first (Volpi, 2010). For example, Rada (2013) found that an improvement of 1% in the paved
road density in the Cerrado resulted in an increase of more than 1% in crop and livestock
production.

4.2.4 Summary of drivers and enabling factors of LUC in the Cerrado
In summary, five direct drivers and seven indirect drivers of land use change are
responsible for much of the conversion of native vegetation into croplands and pastures in the
Cerrado, as noted in the previous section of the GIS analysis. The driver that was most prevalent
and most often cited is increased global and national demand for agricultural products. While
many drivers could also be considered global drivers of land use change (e.g. population growth),
some drivers were specific to the Cerrado. An example of this are incentives for migration from
the south to the north of Brazil. Other Cerrado-specific indirect drivers were the governmental
stimulation of domestic soy consumption, governmental stimulation to increase supply and
increased access to the international market through economic and governmental reforms.
Furthermore, two enabling factors – environmental circumstances and the availability of
infrastructure – influenced expansion by determining the location where producers expand
agriculture.
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4.3 Results interviews west Bahia
4.3.1 Introduction
The results from the fieldwork in seven municipalities in west Bahia are presented below.
This section contributes to answering three research questions: ‘What are drivers of conversion
of native vegetation in the Cerrado?’ (RQ2), ‘What are enabling factors that impact conversion of
native vegetation in west Bahia?’ (RQ3) and ‘What is the perception of producers and key actors
on native vegetation, climate change and future production in west Bahia?’ (RQ4).
The results are structured as follows: first some general characteristics from the interviewees are
provided. Subsequently, the results related to the second, third and fourth research question are
presented. Finally, the major findings of the fieldwork are resumed.

4.3.2 General characteristics of interviewees
During the fieldwork 39 people were interviewed in western Bahia, 14 key actors
(referred to as ‘S’) and 25 producers (referred to as ‘P’). Key actors consisted of government
officials (SG=4), actors from agricultural unions (SA=4), the private sector (SP=2), NGO’s (SN=2),
a consultant (SC) and a representative of a Brazilian bank (SB). As can be derived from Table 11,
which provides a detailed overview of the main characteristics of the key actors, many key actors
represent their organisation in several municipalities or in a large part of the region of west Bahia
(10). All key actors interviewed were male and most were in the age category 45-55 (S=7),
followed by 35-45 (S=4).
Table 11
General characteristics key actors
Code key actor

Location

Role

Organisation

Age

S1-G

State of Bahía

Pest control coordinator for soy and
corn in the region

Government official

45-55

S2-G

Luís Eduardo Magalhães Head of agriculture

Government official

55-65

S3-G

West Bahía region

Cops all West Bahía

Government official

35-45

S4-G

State of Bahía

State representative Bahía

Government official

45-55

S5-A

Barreiras

Agribusiness advisor

Agricultural association/union 35-45

S6-A

Luís Eduardo Magalhães Manager farmers association

Agricultural association/union 45-55

S7-A

Luís Eduardo Magalhães Financial head

Agricultural association/union 45-55

S8-A

West Bahía region

Executive director farmers cooporation Agricultural association/union 55-65

S9-P

West Bahía region

45-55

S10-P

West Bahía region

Operation manager electricity company Private sector
Executive director of the association
for seed producers
Private sector

S11-N

Barreiras

ENGO

NGO

35-45

S12-N

Correntina, Jaborandi

Coordinator

NGO

35-45

S13-C

Luís Eduardo Magalhães Economist

Consultant

45-55

S14-B

Barreiras

Bank

25-35

Manager Banco do Brasil

45-55

Note. Code key actor = number of key actor interviewed including categorization of government official (G), agricultural
association or union (A), private sector (P), NGO (N), consultant (C), bank (B). Location = area key actor works in. Role
= occupation of key actor. Organisation = type of organisation respondent is part of. Final column = age.
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4.3.2.1 Characteristics of the producers
As can be seen from Table 12, which provides an overview of producer traits, most
producers have properties in Barreiras (P=7), followed by São Desidéro (P=4), Jaborandi (P=4),
Luis Eduardo Magalhães (P=3), Riachão das Neves (P=3), Correntina (P=2) and Formosa do Rio
Preto6 (P=2). The producers interviewed were relatively young, with 72% below the age of 45 and
most were male (P=18), although some (P=7) were female. All but one producer interviewed
owned the area they produce on and one interviewee was the manager of the property.

Table 12
General characteristics of producers

Code
producer

Location

Gender

Age

Member
farmers
association/ Size of
cooperative? property

P1-S

Riachão das Neves

male

45-55

No

Small

Main crop

P2-S

Barreiras

male

35-45

No

Small

Fruit and
vegetables

P3-S

Riachão das Neves

male

35-45

Yes

Small

Fruit

P4-S

Riachão das Neves

male

35-45

Yes

Small

Fruit and
vegetable

P5-M

Luís Eduardo Magalhães male

45-55

Yes

Medium

Main crop

P6-M

Barreiras

male

55-65

Yes

Medium

Main crop

P7-L

Barreiras

female

35-45

Yes

Large

No
production

P8-L

Barreiras

female

65-

Yes

Large

Main crop

P9-L

Barreiras

female

35-45

No

Large

Main crop

P10-L

Jaborandi

male

35-45

Yes

Large

Main crop

P11-L

São Desidério

male

35-45

Yes

Large

Main crop

P12-L

Luís Eduardo Magalhães female

35-45

Yes

Large

Main crop

P13-L

Barreiras

male

45-55

Yes

Large

Main crop

P14-L

Jaborandi

male

35-45

Yes

Large

Main crop

P15-L

Barreiras

male

35-45

Yes

Large

Main crop

P16-L

Jaborandi

male

55-65

Yes

Large

Main crop

Type of
producer

P17-L

São Desidério

female

25-35

Yes

Large

Main crop
and other
crop

P18-L

Correntina

female

35-45

Yes

Large

Main crop

P19-L

Luís Eduardo Magalhães male

25-35

Yes

Large

Main crop

P20-L

São Desidério

male

<25

Yes

Large

Main crop

P21-L

São Desidério

male

35-45

No

Large

Main crop

P22-L

Santa Rita de Cassia*

male

35-45

Yes

Large

Cattle

P23-L

Jaborandi

male

25-35

Yes

Large

Main crop

P24-L

Correntina

female

25-35

Yes

Large

Main crop
and other
crop

P25-L

Formosa do Rio Preto

male

45-55

Yes

Unknown

Main crop

Note. Code producer = number of producer interviewed including categorization of small (S), medium (M), or large (L)
farm. Location = location of farm producer. Column 3 = Gender of producer. Column 4 = age of producer. Column 5 =
member of farmers association (yes or no). Column 6 = categorization of size property. Type of producer = type of crops
produced (primarily main crop, main crop and other crop; fruit and vegetables; only fruit; cattle; no production).

6 A producer with a farm in Santa Rita de Cassia, right on the border with Formosa do Rio Preto was considered this as
within our study area and was included it under Formosa do Rio Preto.
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Eighty-four percent of the producers produced main crops (soy, corn or cotton). Three
smallholders produced fruit and/or vegetables (P2-S, P3-S, P4-S), one large-holder mainly
produced cattle (P22-L) and one producer did not yet start production and was awaiting licenses
and other arrangements to produce in the future (P7-L).
The size of the farms ranged from 10 ha to 20.100 ha and most had a size between 1490 –
8300 km2 (P=14). As figure 9 shows, most properties were classified as large properties (PL=18)
and had a size larger than 979,5 ha, using the classification of fiscal modules from the Forest Code
(see footnote 5 on page 34 for an extensive explanation of this classification). Two properties were
classified as medium properties, with a size larger than 261,2 and smaller or equal to 979,5 ha
and four properties were small properties with a size smaller than or equal to 261,2 ha. For one
property the size is unknown, as the producer did not want to disclose the property size.

Size of properties

Large

Medium

Small

Unknown

Figure 9. Size of properties of producers interviewed.
Most producers mentioned being members of one or more associations or cooperatives
(P=22). On average, the producers interviewed were member of 3 associations, ranging from 1 to
7 different associations per producer. In total 28 different associations and cooperatives were
mentioned. The four mentioned most often were AIBA (P=19), ABAPA (P=9), Cooperfarms (P=9)
and SRLEM (P=6) 7. Most producers were individual farmers (P=20) and five are part of a
company or business entity. For twenty producers the property was the main source of income
and five obtained their main income elsewhere. Furthermore, all but one farmer had their
properties registered in the national rural land registry, CAR (P=24). The producer that was not
registered with CAR did not depend on the farm for its primary income.
Most producers had one or two farms (P=15), followed by 3-4 farms (P=8) and two
producers had five or more farms. The properties of the interviewees were purchased or leased
between 1980 and 2019 and over than two-thirds (68%) of the producers started production
within a year of purchasing the land (P=17).
AIBA is a Bahian association for agriculture and irrigation (Associação de Agricultores e Irrigantes da Bahia), ABAPA
is the Brazilian association for the production of cotton (Associação Baiana dos Produtores de Algodão), Cooperfarms
is another cooperative of rural producers in Bahia (Cooperfarms Cooperativa dos Produtores Rurais da Bahia) and
SRLEM is an agricultural union in Luis Eduardo Magalhães (Sindicato Rural Luis Eduardo Magalhães).

7
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4.3.2.2 Type of land use and land cover
On average 60% of the land of producers interviewed is cropland, of which 35% is used
for soy production. Native vegetation comprises on average 28% of the land cover, 8% of the land
cover is unused cleared land and 5% is pasture. These averages as well as an overview of type of
land use per property can be found below in figure 10. One producer elected not to share the size
of her property but provided the allocation of land uses (P25-L). Four producers over-reported
the land use and land cover (P2-S, P9-L, P10-L, P20-L) such that they totalled more than 100%8.
Everything below the dashed line should be native vegetation, since the Brazilian Forest Code
requires producers in west Bahia to maintain 20% native vegetation on their land. However, some
farms reported having native vegetation elsewhere or were not required to maintain NV on their
farm because they are part of Codevasf, an agricultural program directed at smallholders (P1-S,
P3-S, P4-S, P11-L, P15-L).

Figure 10. Land use allocation in properties for each interviewed producer.
Note. The dotted line represents the threshold of 20% of the property that should consist of native
vegetation, in accordance with the Forest Code.

8

Producer 18 reported having 513% more NV than the total property of its farm. The amount of native
vegetation of this producer is corrected for the figure.
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4.3.2.3 Crop production
The main crop produced in the region is soy (P=19), followed by corn (P=18) and cotton
(P=9). Of the nineteen soy producers twelve solely or mainly produce soy and seven divide the
production between soy, corn and/or cotton. Examples of other crops that are produced are
beans, millet, sorghum, wheat, fruit and vegetables and seeds for corn and/or soy. Most producers
reported having a second crop (P=17) and one even mentioned having a third crop (P17-L). Six
producers did not have a second crop and two fruit and vegetable producers mentioned that they
produce throughout the year. Furthermore, over half of the producers reported using irrigation
on their farm (P=14). Producers that have irrigation irrigate on average 74% of their cropland
and eight producers that irrigate also plant soy. The productivity of soy ranged between 30 bags
per hectare and 80 bags per hectare, with an average productivity of 64,2 bags/ha.

4.3.2.4 Increase in farm size and planted area
Eleven producers reported that the area of their property increased since purchasing the
land. The farm size of these producers increased on average by 72%, ranging from 8% to 100%
increase. Four producers reported that the size of their properties decreased since purchasing the
land (P2-S, P13-L, P18-L, P20-L), ranging from a decrease of 8% to a decrease of 99%. The
producer whose land decreased by 99% explained that his land has been grabbed by a large
holder, which he was fighting in court (P2-S). Finally, sixty-four percent replied that the area they
use for agriculture has increased over the past 20 years and 32% replied that the area had not
changed.
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4.3.3 Perceived expansion of agriculture in natural habitats in west Bahia
Respondents reported a variety of factors influenced expansion of agriculture in vegetated
areas in west Bahia in Brazil. Three drivers of expansion of agriculture have been derived from
the fieldwork were increased demand for agricultural products, migration from the south of Brazil
to west Bahia and improved technology and mechanisation. A larger variety of enabling factors
that impacted expansion of agriculture in west Bahia were derived from the interviews. Some of
these enabling factors have an impact on the type of land use that expansion replaces (native
vegetation or anthropic land use), such as the legal framework of the Brazilian Forest Code. Other
enabling factors impact expansion in general, such as the price of the land. Finally, some enabling
factors are important for the location of expansion, such as environmental circumstances. This
section will first explore the perception of respondents with regard to native vegetation on farms
and expansion of agriculture. Second, the three drivers of agricultural expansion are described.
Third, eight other factors that impact expansion are discussed. Fourth, producers’ considerations
for future expansion are discussed. Finally, a summary of the main findings of the fieldwork is
provided.

4.3.3.1 Reported presence of native vegetation on farms in west Bahia
Most interviewees, (S=9, P=20), or 74% of the sample, reported that most farms have
native vegetation, while four key actors mentioned that not all farms have NV (SG=1, SP=1, SN=2).
Three key actors commented that large farms have less NV than small farms and that farms on the
plateaus have less NV than those in the valleys. However, the head of agriculture from one of the
municipalities stated that, when NV is absent, it can be compensated by buying legal reserves
elsewhere. A representative of an agricultural union underscored this:
‘Yes, the majority of soybean [producers] have it [native vegetation]. Even if they don’t have it, they
bought it somewhere else. Everyone complies with the law; else they cannot sell their production or
get loans’ (S5-A).

4.3.3.2 Perceived status of agricultural expansion
All but one respondent (P21-L) mentioned that they had noticed expansion of agriculture
in their municipality or region in the past 20. years. The main type of land use or land cover that
such expansion usually replaces is native vegetation, as mentioned by 37 respondents. Savannah
vegetation (cerrado) is the type of vegetation most often replaced according to the interviewees
(33 respondents), followed by grassland (16), pasture (16) and forests (15). Five respondents
answered that expansion also happens in open, cleared land (SA=2, PM=1, PL=2); three
respondents mentioned that expansion depends on the suitability of the soil (SA) and the slope
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(PL=2); and one respondent mentioned that producers expand anywhere (SG=1). Furthermore,
four respondents mentioned expansion over pasture, such as degraded pasture (PM=1, PL=1).
One key actor explained that about 5% of the expansion in the region currently happens over
pasture (SP=1). Another producer pointed out that the opportunities to expand in the Cerrado are
reducing, which will result into an increase in expansion over pasture in the future:
“The opportunities for the Cerrado are reducing, so this will move towards expansion over pasture.”
(P25-L)
Some respondents specify characteristics of the NV that is being replaced. The state
representative of Bahia mentioned, for example, that only degraded Cerrado is being replaced by
agriculture:
“[People expand over] degraded Cerrado, only the weak Cerrado that was subject to wood
extractivism in the past, and silviculture” (S4-G).
However, a representative of an NGO responded that cerradão, relatively dense and closed
vegetation, is usually replaced by agriculture.
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4.3.3.3 Factors that influenced expansion of agriculture in west Bahia
When producers and key actors were asked what motivates producers to expand
agriculture, a variety of reasons were mentioned such as to increase income, the good natural
circumstances for production and to meet the market demand. Some of these reasons mentioned
are actual drivers, such as the (increased) market demand. However, a wider variety of factors
other than drivers was mentioned to have an influence on expansion of agriculture. An overview
of the codes used to determine the drivers and enabling factors can be found in Appendix 4. The
section below explains the various motives of producers to expand agriculture, divided into
drivers and enabling factors.

4.3.3.3.1 Drivers of expansion of agriculture
The three main drivers of expansion of agriculture in west Bahia that were identified from the
interviews are the increased demand for agricultural products, the large migration from the south
of Brazil to west Bahia and improved technologies and mechanisation to produce agricultural
products. These drivers do not operate in isolation but influence each other and are influenced by
other factors like the ones in the following list mentioned by interviewees.
a. Increased demand for agricultural products
The first driver of expansion of agriculture is the increased demand for agricultural products.
Eight respondents answered to a multiple-choice question that meeting the increased demand for
agricultural products motivates producers to expand agriculture. Among the respondents were
five large holders, one smallholder, the head of agriculture from one of the municipalities and a
representative of an NGO. Table 13 presents an overview of the codes for drivers and enabling
factors derived from the open-ended questions and comments by respondents. As can be derived
from this table, only two respondents provided additional comments to the multiple-choice
question. One of the large holders explained that the increased demand for food by the growing
global population is one of the reasons to expand agriculture. Another producer, a smallholder,
stated:
“We, farmers, produce to satisfy the needs of people, not just here in Brazil, but also elsewhere”.
(P4-S)
Other interviewees indirectly referred to the high demand for agricultural products. Because the
demand is high and increasing, this creates business opportunities for producers. About half of
the respondents (S=9, P=11) mentioned that producers expand to increase production and
income. These respondents mainly consisted of large producers (PL=9) and representatives of

58

agricultural unions or associations (SA=3). Other respondents were smallholders (PS=2),
government officials (SG=2), representatives of NGO’s (SN=2), a representative of the private
sector (SP=1) and a representative of a Brazilian bank (SB=1). Therefore, when the demand
remains high, producers are likely to expand.

b. Large-scale migration from the south of Brazil to west Bahia
Another driver identified in the interviews is the large-scale migration of people from the
south of Brazil to west Bahia. As Table 13 shows, seventeen comments were made by twelve
interviewees about people who migrated from the south of Brazil to Bahia. The overall narrative
is that the people from the south largely contributed to the development of the region, through
agricultural know-how, technologies and their drive and willingness to expand. One large holder
explained that without people from the south, the region would never have been what it is today:
“Without the people from the south, Barreiras would never be what it is today. 40 years ago
Barreiras had one car and LEM was a gas station. Natives here even nowadays are rudimentar
smallholders. People from the south brought the knowledge, new cultivars, and technology” (P7-L)
A representative of the private sector added that producers from the south could sell their land in
the south and buy a much larger area in Bahia for the same price, as land in Bahia was much
cheaper. Four key actors mentioned that the willingness to expand is part of the culture of people
from the south (SG=1, SA=1, SP=1, SN=1). The executive director of the association of seed
producers, for example, mentioned that the people from the south of Brazil are mainly Europeans,
and that they have a colonising spirit. The head of agriculture from one of the municipalities
emphasized that these pioneers have a different mindset and that they are not attached to the
land. Furthermore, the executive director of one of the agricultural associations explained:
“[P]eople from the south have the culture of moving somewhere else and starting a new life.
Exploring and expanding is something cultural for some of those people.” (S8-A)
Other interviewees criticise the agricultural practices of people from the south. A representative
of an NGO explains that people from the south aim profits in an unsustainable way. A
representative of the state pest control agency explains a similar distinction in terms of
sustainability between ‘outsiders’ and people already established in Bahia:
“Outsiders would buy huge chunks of lands from people that don’t have money to deforest and they
deforest it. Farmers already established here preferably expand into already cleared lands.” (S1-G)

59

Migration as a driver of expansion of agriculture is mainly mentioned by key actors, especially by
government officials and representatives of agricultural associations. Producers made a
distinction between ‘outsiders’ and ‘people from here’. One large producer explained that
outsiders buy land to deforest it, while people from here clear parts of their own land. A pest
control coordinator confirmed this, and stated:
“Outsiders would buy huge chunks of lands from people that don’t have money to deforest and they
deforest it. Farmers already stablished here preferably expand into already cleared lands.”
(S1-G)
c. Improved technologies and mechanisation to produce agricultural products
Improved technology and mechanisation played an important role in the development of
agriculture in west Bahia. Nine interviewees mentioned that technologies are a reason for
expansion of agriculture (PL=3, PS=2, SA=2, SP=1, SC=1). While the best areas for agriculture in
west Bahia have already been taken, respondents mentioned that technologies, such as improved
seeds and soil, made it possible for people to expand to areas that were historically less suitable
(PS=1, PL=1, SP=1). Therefore, it is now possible to expand towards the eastern part of west Bahia
(S10-P). A large holder explained that especially people from the south brought knowledge and
technology to the region. Four producers mentioned that they are expanding agriculture because
they have the technological ability to do so. A manager of a farmers’ association stated the
following:
“[W]e have the technology to expand, so the reason is because we can” (S6-A).
The financial head of one of the agricultural associations explained that especially larger farms, in
particular, will expand when they have the technologies to do so:
“Where there is no river, the big farmers expanded because they have technology to do so.” (S7-A)
In addition, an agricultural consultant explained that the location of expansion is largely a matter
of available technology and machinery:
“It's all about technology. If the producer has the technology and machinery to deforest, they would
go to closed areas. If they don’t, they would rather go to already cleared areas.” (S13-C)
A smallholder further argued that when people are willing to invest in intensifying and apply the
right knowledge and technology, they could produce three times as much within the same area
(P4-S).
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4.3.3.3.2 Other factors that impact expansion
In addition to the drivers of expansion, a variety of enabling factors that influence expansion
is mentioned by the interviewees. These factors range from factors influencing the suitability for
agriculture to economic factors that influence which pool of land (native vegetation or anthropic
land use) is used for expansion. They also include more ad-hoc factors such as arising
opportunities. Below, these enabling factors will be discussed in more detail.

a. Native vegetation as economic opportunity
The most often mentioned reason why people expand agriculture is to increase production or
income (SA=3, SG=2, SN=2, SP=1, SB=1, PL=9, PS=2). An agricultural consultant explained that the
initial costs of agriculture are very high, producers thus expand to dilute the costs of agriculture
and to pay back debts. In addition, respondents mentioned that the high rentability and the cheap
land provide good business opportunities for producers. When producers have surplus NV on
their properties, this area is therefore regarded as potential value addition in the future. Besides
legal compliance, the main reason respondents mentioned why producers have NV on their farm
are that producers are awaiting a permit or license to clear the NV (PL=5), to gain access to credit
(SA, SN, SB, SC), to get or maintain access to markets (SA, SC, SN) and because it is not economically
viable to clear yet (PL=3). Producers tended to mention reasons why the NV has not been cleared
yet rather than why they maintain NV – i.e., because producers have not yet had the opportunity
or possibility to clear the land. Furthermore, three respondents mentioned that people expand
agriculture because it increases the value of their land.
Some respondents argued that NV does not provide benefits, especially because it does not
provide economic benefits. The head of the association for seed producers argued for example:
“No [benefits of native vegetation], because no one can explore the native vegetation, it does not
provide economic benefits.” (S10-P)
In addition, two respondents explained that producers pay taxes per hectare of land that they
have, excluding APPs and FLRs (SA=1, PL=1). Producers therefore need to pay taxes on the surplus
area of NV they have on their property. Because maintaining surplus NV costs money, an
agribusiness advisor explained that it does not make (economic) sense to maintain surplus NV:
“They (producers) pay taxes for the native vegetation. [They] need to pay tax per hectare, no
matter what land use, native vegetation thus costs money.” (S5-A)
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He added:
“If you have native vegetation in your farm, it is same as if you own a piece of land to live on, but
you cannot live on it. You would rather rent a house to live in. It doesn’t make much sense to not use
the land.” (S5-A)
Furthermore, he stated that producers need to borrow money to buy more land and need to
deforest land to pay back their debts. Expansion is thus seen as a necessity. A producer mentioned
another fiscal incentive to expand and argued that the more money you invest in your farm, the
less taxes you pay (P17-L). On the other hand, three respondents mentioned that native vegetation
could also provide economic benefits, such as ecosystem services (SN, PL) and maintaining the
value of the land (SA).

b. Price of land with native vegetation versus cleared area
The price of the land is an important factor for people to determine where to expand. The
main reason why people expand agriculture over native vegetation is because the price of the land
is much lower than already cleared land (PL=13, PM=2, PS=3, SG=3, SP=1) and four key actors. As
a large producer explained:
“[People expand over native vegetation] because the land is cheaper and has the potential of value
addition.” (P24-L)
Similarly, the main reason why people would choose to expand over already cleared areas is to
prevent the cost of clearing new land. Furthermore, because the cost of land is lower, producers
can buy more land (P18-L). Another producer explained that if people have the money to buy
either cleared land or land with NV, they will usually buy NV (P2-S). A smallholder explained that
the type of land use is not important when producers decide where to expand, rather the cost and
the climate are the determining factors. A large holder adds that producers weigh the costs and
benefits of expanding into cleared or NV areas: expanding over cleared areas is more expensive,
but it pays off faster.
Because the demand of the land increased, the cost of the land in west Bahia also increased
significantly. The head of agriculture from one of the municipalities explained that 40 years ago
the price of land was much cheaper, equivalent to the cost of just one coke, or a pack of cigarettes.
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c. Environmental law as inhibitor and facilitator of expansion over NV
Law compliance is the main reason why producers maintain NV on their farms, as mentioned
by 30 respondents. Most conversion of native vegetation in west Bahia is therefore legal and in
compliance with the Forest Code. While the Brazilian FC acts as an inhibitor for clearing of NV, at
the same time the legality to convert NV within the FC is mentioned by several respondents as a
reason why producers expand over NV (SG=1, PL=4). A state-pest control representative
emphasized that people comply with the law and only clear what they are allowed to clear: ‘They
just deforest what they are allowed to’. Furthermore, a large producer explained that he would
open new areas up until the allowed limit as determined by the Brazilian Forest Code (P15-L).
Another producer pointed out that people are afraid that environmental laws might change and
that they will not be allowed to expand over NV in the future:
“They are afraid of not having the right to expand over native vegetation in the near future. That
because the environmental law keeps changing.” (P13-L).
Four respondents mentioned that people maintain NV on their farm in order to get or
maintain access to rural credits (SA, SC, SN, SB). This largely overlaps with law compliance,
because if producers do not comply with the law, they are not eligible to obtain credits from
national banks. As a representative of a Brazilian bank explained, in order to get access to a
subsidized loan, people need to adhere to the law. One producer explained that about 50% of the
land in west Bahia can be legally cleared, in compliance with the FC (P12-L). Furthermore, three
key actors mentioned that producers abide by the FC in order to obtain or maintain access to the
international market (SA, SC, SN). In order to be allowed to clear NV, producers need to obtain a
permit to do so. According to a large holder almost nobody clears without a license, and if they do,
they are badmouthed by others. Six producers mentioned that obtaining a permit is a very
bureaucratic process (PL=5, PS=1); three producers mentioned that they are currently waiting for
a permit to clear surplus NV on their property. While some respondents argued that it is difficult
to obtain a permit (S12-N), others said that it is easy to obtain a permit to clear land as long as
producers pay money to get the paperwork done (S11-N, P22-L). A large producer explained that
obtaining a licence by following the law is a very long process. It took him 7 years to get the license
to clear. He explained that people often pay money to speed up the process of obtaining a license
(P22-L).
Although most producers comply with the Forest Code, a producer mentioned that the
government is only interested in production and not in conservation (P10-L). Furthermore, the
financial head of an agricultural association explained that the enforcement of the law with regard
to deforestation is lower in Bahia, compared to other states.
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d. Favourable environmental circumstances for production
Throughout the interviews, 29 respondents (PL=12, PM=2, PS=3, SA=4, SG=3, SP=2, SN=2, SB)
mentioned good environmental circumstances for production as a main enabling factor of
expansion. Such good natural circumstances motivate farmers to expand agriculture. As a small
producer explained:
“It is an oasis to produce food here: very good climate and logistics conditions.” (P4-S)
A representative of an agricultural farmers cooperative added that west Bahia has the most
beneficial circumstances for agriculture:
“Slope, climate - hot and dry, here have [the] most beneficial circumstances for agriculture.” (S8-A)
Therefore, the main factor interviewees mentioned that farmers take into account when deciding
where to expand is risk to, or benefit for, the agricultural production. By this, respondents mean
rainfall, topography, soil and water availability. The head of the association for seed producers
compared expansion in west Bahia to expansion in the bordering state Tocantins to give an
example of factors that producers take into account when deciding where to expand:
“[A] lot of land is for sale here (in west Bahia), but people don’t want to buy it because it is too
expensive. Twice as expensive as in Tocantins. But why don’t they go massively to Tocantins?
Because there the lands are heterogeneous in terms of soil.” (S10-P).
Four respondents stated that it does not matter whether the land use that is being replaced
by agriculture is already cleared or not – soil, climate and slope are the determining factors (SG,
SA, PL=2). The slope is especially important for producers to be able to establish central pivot
irrigation. Furthermore, five respondents argued that land with native vegetation is more fertile
than already cleared land (SN, SP, PS=2, PL). However, producers’ opinions on this are divided.
Some producers state that recently cleared land needs a lot of treatment before it is suitable for
agriculture, while others state that recently cleared ground is especially fertile. Nevertheless, four
producers mention favourable climate, soil and slope conditions as reasons to expand over native
vegetation (PL=3, PS=2, SA, SG). One small producer specified that rainfall is better in areas with
NV. The financial head of a cotton association stated that people would expand over NV if the
already cleared area is not suitable enough.
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e. Logistics and infrastructure as determinants and constraints of expansion
Seventeen respondents (PL=9, PS=3, SN=2, SP, SC, SG, SA) mentioned logistics such as
infrastructure as an important factor to determine where to expand. Therefore, if there is NV close
to such logistics, it is more likely to be converted to agriculture. One producer mentioned the
benefit of staying close to big producers or companies:
“Stay[ing] closer to big producers or companies brings benefits in terms of logistics and
investments” (P10-L)
However, another producer mentioned that existing logistics do not play a big role, as producers
will create the needed logistics:
“They (producers) don’t care about logistics, because they will create logistics.” (P9-L).
This is, however, primarily the case for large producers. Four respondents mentioned that
infrastructure will improve in the near future, through the building of a train track from southwest Bahia to a port on the coast near Salvador (SG=1, SN=1, PM=2). This will further reduce the
transportation and production costs. Furthermore, six respondents mentioned the lack of energy
infrastructure, its low availability and the high cost of energy as the main limiting factors for
production and expansion (SG, SP, PS, PL=3), especially for the expansion of irrigation systems.

f.

Culture: producers’ natural desire to expand

Twelve comments from ten respondents pointed towards producers’ natural desire to expand
agriculture, amongst which five large holders, one smallholder (P3-S), and four key actors from
different categories (SG, SA, SP, SC). Three respondents mentioned the spirit of expansion (SG, SP,
PL), and the self-satisfaction that comes with it, as a reason why people expand agriculture. Others
explained that producers expand because of their passion for the agrobusiness; people like what
they do (PL=2). Another reason mentioned is that producers enjoy the challenge of producing
more food and making more money (P19-L). One small producer mentioned that producers are
addicted to producing and, therefore, want to produce. Other reasons were that people simply
have the willingness, or the natural desire to grow (SP, SC). Furthermore, the head of agriculture
from one of the municipalities explained that the wish to have a lot of land – and thus to expandis largely culturally determined. He mentioned that the more (planted) land one has, the better:
“The first question people ask when they meet someone is not ‘how is your mother doing’, but ‘how
big is your land and how much planted area do you have? People don’t ask about productivity”.
(S2-G)
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Finally, a representative of an agricultural cooperative (Cooproeste) mentioned that to produce
and expand is the only thing producers know how to:
“It’s the only thing they know how to do [and] it is intrinsic to human beings.” (S8-A).

g. Culture: agricultural land as heritage for family
Four respondents mentioned a cultural factor that influences expansion, namely the fact that
children are often the successors of the farm and the land will thus be divided amongst them (SG,
PL=3). Therefore, producers expand to be able to provide all children with a significant amount of
land to produce on. Furthermore, the head of agriculture from one of the municipalities explains
that the prestige of having a large amount of (planted) land is important:
“The first question people ask when they meet someone is not ‘how is your mother doing’, but ‘how
big is your land and how much planted area do you have? People don’t ask about productivity’.”
(S2-G)

h. Opportunities to buy land from neighbours
Five respondents mentioned opportunities from neighbours as an important factor that
determines expansion (SA, PL=2, PS=2). Such an opportunity can arise when a family does not
have a successor to continue the farm or when people are broke and do not have the opportunity
to grow. When such an opportunity arises, that land will be sold or rented out, producers who
have the means to expand often take that opportunity. A smallholder explained that expansion is
often not a matter of a producer wanting to expand and deciding where to go, rather, it is about
opportunities:
“It is considered rude to ask your neighbours if they want to sell their land. So people often do not
think: I want to expand my land, where shall I go. It is more about opportunities. If they know that
someone is selling their land, they will take the opportunity if they have the means to do so.” (P4-S)
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4.3.3.3.2 Summary drivers and enabling factors of expansion in west Bahia
In sum, three main drivers and seven enabling factors have been extracted from the
interviews. In Table 13 an overview of the drivers and enabling factors can be found, including
the codes used and the type of respondent.
The three drivers of expansion that respondents mentioned were increased demand for
agriculture, migration from the south of Brazil to the north and improved technologies and
mechanisation. No major differences between type of actor were found, although key actors
mentioned a wider variety of references to the driver of migration while producers’ answers
tended to overlap.
While the above-mentioned drivers were reported by several respondents, few
respondents explicitly mentioned these factors as drivers of expansion. This is likely the case
because drivers such as increased global demand are far away from producers and are thus not
the most proximate factor driving their decisions in the short term. On the contrary, a large
number of respondents mentioned enabling factors. These factors, such as environmental
circumstances, are closer to home and play a more proximate role in producers’ decisions with
regard to expansion.
The first three enabling factors applied to why stakeholders expand agriculture over NV,
while the others applied to expansion of agriculture in general. The main reasons for expansion
over native vegetation were that NV is regarded as a business opportunity (there is a high
opportunity cost), it is legal to convert NV – within the contours of the FC – and because producers
have the means and the know-how to expand. While key actors mentioned a wider variety of
economic factors, responses of producers were concentrated on price and economic return. This
is likely because the key actors represent a wider variety of perspectives. In return, producers
mentioned a wider variety of environmental enabling factors. A suitable climate was regarded as
the most important environmental enabling factor, followed by suitable soil, geography and
access to water. A similar trend is found in the enabling factor law and legality, in which producers,
especially large holders, mentioned more factors such as legal barriers to expand. In interesting
finding is that producers’ expansion mindset is evident and their natural behaviour. Especially the
ability to leave enough land for family seemed to play an important role. Furthermore, while some
producers mentioned specific characteristics that they take into account when deciding where to
expand, five respondents mentioned that expansion is largely a matter of opportunities to buy
land from neighbours.
Finally, many agricultural representatives and government officials provided similar
answers as producers. This is likely because these key actors largely represent the interests of
producers and share their perspectives.
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Table 13
Reported drivers and enabling factors of expansion of agriculture (1/2)
Driver (D) /
enabling factor
(EF)

Code

Amount of
respondents Key actors

Producers

D1. Demand
Demand

2

PS=1, PL=1

People from south

5 SA=1, SP=1, SN=1
2 SG=2

PL=2

D2. Migration
Pioneers
Favourable
migration conditions
Colonization

2 SG=1, SN=1
1 SP=1

Migration

1

PL=1

Insiders vs.
Outsiders

5 SG=1, SA=1

PL=3

8 SA=2, SP=1, SC=13

PS=1, PL=3

1

PS=1

D3. Technology and mechanisation
Technology driver
Opportunities
technology
EF1. Economic
Price

22 SG=3, SA=1, SP=1

Economic return

7

Price of land
Ecosystem services

3 SP=1, SB=1
2 SN=1

Business
opportunity

2 SP=1, SN=1

To gain scale

2 SP=1, SC=1

To reduce costs

2 SA=1, SC=1

Market trends

2 SN=1

Opportunity cost

2 SG=1

Tax NV

2

Land as income

1 SP=1
1 SB=1

Loans
Value land
Market
Productivity

1 SA=1
1 SC=1
1

Exchange rates

1

PS=3, PM=2, PL=16

PS=1, PL=6
PL=1
PL=1

PS=1
PS=1
PL=2

PL=1
PS=1

Note. SA = key actor from agricultural association. SG = key actor from the government. SN = key actor
from NGO. SC = key actor which is a consultant. SP = key actor from private sector. SB = key actor from
bank. PS = small producer. PM = medium producer. PL = large producer.

68

Respondents reported drivers and enabling factors of expansion of agriculture (2/2)
Driver (D) /
enabling factor
(EF)

Code

Amount of
respondents Key actors

Producers

EF2. Environmental circumstances

Climate

18 SG=2, SA=2, SP=1, SN=1 PS=1, PM=2, PL=9

Environmental
circumstances
Geography
Soil
Water
Logistics
Slope
High productivity
Suitability
Operational ability

6
7
6
5
3
2
2
2
2

Good
circumstances for
production
Topography
Energy availability

1
1
1 SP=1

PL=1
PM=1

7
4
3
3
2
1
1
1
1

PL=3
PS=1, PL=3
PL=3
PL=1
PL=2
PL=1

PM=2, PL=2
PM=2, PL=1
SG=1, SA=2, SN=1, SB=1 PS=2, PL=3
PS=1, PM=1, PL=3
SN=1
PL=2
PL=2
PS=1, PL=1
SN=1
PS=1
SA=1, SC=1
SA=1, SP=1

SG=1, SA=2, SN=1

EF3. Law and legality

Law compliance
Avoid bureaucracy
Barriers-legal
License/permit
Legal
Law changes
Law enforcement
Role government
Policies

SG=2, SA=1, SB=1

SN=2

SA=1
SN=1

PL=1
PL=1

EF4. Logistics and infrastructure

Logistics
Infrastructure

8 SA=2, SN=1
6 SP=1, SN=1

PS=1, PM=1, PL=4
PM=2, PL=1

Infrastructure and
energy

3 SG=1

PL=2

Natural desire
Expansion mindset
Challenge
Prestige large area

6 SA=1, SC=1
3 SG=1, SP=1
1
1 SG=1

PS=1, PL=3
PL=1
PL=1

Family/culture
Culture
Culture neighbours
Mindset producers

4 SG=1
1 SG=1
2
1

PL=3

Opportunity
neighbours

5 SA=1

PS=2, PL=2

EF5. Producers’ natural desire

EF6. Culture

PS=2
PL=1

EF7. Opportunities

Note. SA = key actor from agricultural association. SG = key actor from the government. SN = key actor
from NGO. SC = key actor which is a consultant. SP = key actor from private sector. SB = key actor from
bank. PS = small producer. PM = medium producer. PL = large producer.
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4.3.4 Perception of native vegetation, climate change and future production in
west Bahia
Clearing native vegetation has numerous known negative consequences, such as an
increased local temperature, a reduction in the humidity and a reduction in the ability of aquifers
to recharge. Even more negative impacts predicted for the future, particularly with respect to
climate and agricultural production. The increased conversion of NV as well as changes in the
global climate can further exacerbate such negative consequences. In order to gain insight into
how producers and key actors’ perceive such challenges, this study evaluated their perceptions of
NV, climate change and its consequences for production. Furthermore, producers’ willingness to
take action to combat such challenges was investigated. In addition, this section sheds light on
respondents’ predictions for future production in west Bahia. The following section presents the
results related to research question four: What is the perception of producers and key actors on
native vegetation, climate change and future production in west Bahia?
The way interviewees perceived the value of NV is discussed first, including the
importance of NV for production. Second, perceived changes in climate are discussed, as well as
the impact on production. Third, producers’ willingness to take action to reduce conversion of NV
by expanding into cleared areas is discussed. Fourth, the interviewees prediction for production
in the future is discussed. Finally, the main results of this section are summarized.

4.3.4.1 Perception on value of native vegetation
This section addresses the perception of producers and key actors on the value of NV.
Reasons why producers maintain NV on their farm are discussed first, followed by perceived
benefits of NV. Third, the perceived value of NV for production is rated on a scale of 1-10.
The main reasons why producers maintain NV on their farm are because it is required by
law (PL=13, PM=2, PS=2, SG=4, SA=3, SN=2, SP=2, SC=1, SB=1), because they are awaiting a permit
or license to clear (PL=5), to gain or maintain access to credit (SB, SA, SC, SN) and because it is not
yet economically viable to do so (PL=3). None of the producers mentioned ecosystem services of
NV to their properties. However, when producers were asked whether NV provides benefits to
farms, 72% of the key actors and producers responded that NV does provide benefits (SG=2, SA=3,
SP=1, SN=2, SC=1, SB=1, PL=13, PM=2, PS=3), and a variety of ecosystem services were
mentioned. Nine respondents mentioned that NV does not provide benefits to farms (SG=2, SA,
SP, PL=5) and two producers did not know whether NV provides benefits to farms (PL=2). One
producer argued that whether NV provides benefits to farms depends on the activity of the
farmer:
“[It] depends on your activity. For cattle, yes (there are benefits). For commodities, no.” (P1-S)
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In addition, an agribusiness advisor stated that NV is good for nature, but not for agricultural
production. A reason why NV does not provide benefits, according to the head of the association
for seed producers, is that NV does not provide economic benefits. Furthermore, another
producer who stated that NV does not benefit farms, affirmed that that does not mean that he
thinks that deforestation is good:
“[No benefits] but I don’t spread the word that deforestation is good. Also, it doesn’t affect the
global climate.” (P14-L).
Table 14
Respondents' perceived benefits of native vegetation

Benefits of native vegetation
Type of benefit
Key actors
Producers
Total
SG=1, SA=1, SP=1,
Water
SN=1, SB=1
PS=2, PM=1, PL=10

17

Biodiversity/fauna

SG=1, SA=2, SP=1,
SN=1, SB=1
PM=1, PL=7

Control plagues and
other natural enemies

SG=1

PS=1, PL=3

5

Preserve ecosystem and
ecosystem services

SN=1

PS=1, PM=1, PL=1

4

Pollination

SG=1

PL=3
PS=1, PL=2
PL=1

4

Breaks wind
Erosion prevention
Climate
Value land
Don't know

SP=1
SA=1
SA=1

12

3
2
1
1

PL=2

2

As can be seen in Table 14, producers and key actors mentioned a wide variety of benefits
of NV. Water-related benefits were the most often mentioned benefits of NV (S=5, P=12), and
included protection of rivers and water mines (SN, SB, SP, PL=10, PM=1, PS=1), recharging of the
aquifer (SN, PL=1, PS=1) and maintenance of the water equilibrium (SG). Secondly, the protection
and preservation of biodiversity and fauna was mentioned regularly (S=4, P=8). This was followed
by biological control of agricultural pests and other natural enemies such as insects (S=1, P=4),
preservation of ecosystems and ecosystem services (S=1, P=3). Other benefits of NV that were
mentioned were preservation of bees for pollination (S=1, P=3), that NV acts as a wind breaker
and thereby protects the irrigation pivots (P=3), and prevention of erosion (S=1, P=1). An increase
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in the value of land (SA), benefits of NV for the climate so that it does not get drier (SA), and
sustainability in general (SC) were other benefits that were mentioned.
When discussing the benefits of NV, producers were mainly referring to benefits of NV in
general and not specifically benefits of NV on their own property. One producer stated explicitly
that these are benefits of the permanent protected areas (riparian forests) and not of other NV on
people’s properties (PL).
When respondents were asked to quantify the importance of NV to their production on a
scale of 1-10, more than half of the respondents regarded NV as very important to their production
(S=10, P=11), (a grade of 8 or higher), as can be seen in Table 15. Four large holders regarded NV
as important (grade 6-7) and five respondents regarded NV neither as important nor unimportant
(grade 5). Seven respondents regarded NV as unimportant (grade 3) or very unimportant (grade
1-2). The average grade that the respondents gave was a 6,8.
Table 15
Importance of native vegetation for production
Importance of NV for production on a scale from 1-10
(10; very important and 1; not important)
Grade

Key actors

Producers

Grade 1-4

SG=1, SA=1

PS=1, PL=4

7

PS=1, PM=1, PL=7

9

Grade 8-10

SG=3, SA=3,
SP=2, SN=2 PS=2, PM=1, PL=8

21

No answer

SB=1

Grade 5-7

Total

1

Key actors graded the importance of NV to production higher than producers, with an
average grade of a 7,7 compared to an average of 6,3 from producers. The importance of NV for
production appeared to be hard to quantify in a number, as one individual may interpret the
question differently from another. The head of the association for seed producers stated, for
example:
“Native vegetation that is not legal reserve is important (10/10), because if there is native
vegetation people can cut it down and produce soybeans here.” (S10-P)
Even though this response was an exception to this question, it is in line with the results discussed
in the section on ‘Native vegetation as economic opportunity’, where producers mentioned they
had a surplus NV on their farm because they did not yet have the permit or money to clear it.
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4.3.4.2 Perceived changes in climate and impact on production
Clearing land is related to changes local temperature. This has the potential to impact
agricultural productivity and might impact producers’ future expansion behaviour. Therefore,
this section discusses perceptions of producers and key actors on changes in climate, the
perceived impact on production and measures that are taken to adapt to such changes.
Changes in climate
Half of the respondents had noticed changes in either rainfall or temperature in in the
region (S=7, P=12), about 30% had noticed changes in both rain and temperature (S=5, P=6) and
20% had not noticed changes in either rainfall or temperature (S=1, P=7) (see Table 16).
According to the head of agriculture from one of the municipalities the climate did not change, even
though some people think that the climate has changed:
“The climate did not change. Some people think that the climate changed because they spent too much
time under the air conditioner, so if they go somewhere else they think that the climate has changed.”
(S2- G)
Table 16
Noticed changes in rain and temperature in west Bahia
Noticed changes in rain and temperature
Key actors

Producers

No noticed changes

SG=3, SP=1, SN=1
SB=1

PS=1, PL=5
PS=1, PL=6

Only noticed changes in
temperature

SA=1, SN=1, SC=1

PS=1, PM=2, PL=1

Only noticed changes in
rain

SG=1, SA=3

PS=1, PL=7

Noticed changes in rain
and temperature

Total
11
8
7
12

More respondents noticed changes in rainfall (60%, S=9. P=14) than changes in
temperature (53%, S=7, P=10). In both cases, stakeholders noticed changes more often changes
relative to producers. Changes mentioned regularly included changes in the distribution of rain
(S=4, P=1), a decline in rainfall (P=5) and delays in the onset of the rainy season (S=1, P=3). An
agribusiness advisor from a farmers’ cooperative emphasized that:
“[There are] wet spells in January. Rain comes much later, same amount of rain, but the
distribution is different. The dry spells in January are the same.” (S5-A)
Changes in temperature included an overall increase in temperature (S=2, P=5), colder winters
(S=2, P=2) and colder weather in general (SG, SG, PL). Furthermore, a respondent mentioned that
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there have been stronger winds (SN). A producer noticed that it was hotter but made clear that
there is no correlation with agriculture:
“[It is] a little hotter but not much. This is not due to agriculture (!)” (P25-L)
Change in date of planting or harvesting and loss in productivity
More than half of the producers did not perceive a change in the date of planting (PL= 10,
PM=2, PS=4) while nine large producers did report a change. Seven producers mentioned that the
planting and/or harvesting date was on average 30,7 days later than usual and two reported that
the planting and/or harvest date was earlier. One producer mentioned that the date of planting
and harvesting for rainfed areas had changed significantly. Many producers reported a loss in crop
productivity due to climatic factors (PL=15, PM=2, PS=2). Of the six producers that did not
experience productivity losses, three mentioned that there was no loss in productivity because of
irrigation (PS=2, PL=1). The main reasons producers provided for the loss of productivity were
climatic factors such as dry spells, especially in the months December and January (PL=6, PM=2,
PS=1), and droughts in general (PL=7). Other reasons for a loss in productivity were a bad
distribution of rainfall (PS, PL) and a delay in rainfall (PL). A smallholder explained that in 2016
the average yield was low due to less rain and bad distribution:
“Yes [there was loss of productivity in] 2016 when the average was 36 bags per hectare. In 2016 it
rained less than usual and (the rain was) badly distributed”. (P1-S)
Another producer explained that most years have a loss in productivity:
“Dry spells, 70% of the years there is a loss due do dry spells for rainfed crops in his region”
(P14-L).
Factors that influenced the climate
More than a third of the respondents (37%) explained that changes in rainfall and/or
temperature were the result of cycles of good and bad years (S=5, P=9), as can be seen in Table
17. The financial head of a farmers’ cooperative explained the sequence of such cycles:
“The weather cycle is 8 years long. The first 3 or 4 have irregular rain. Five years with rain falling
in the same time every rainy-day during raining season.” (S7-A)
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Table 17
Factors that affected changes in climate
Factors that affected the climate
Key actors
Cycles
SG=2, SA=3
Don't know
SA=1, SN=1
Global climate change SG=1, SN=1
Pollution
SG=1, SP=1
Other
SG=1, SA=1, SP=1

Producers
PM=1, PL=7
PS=1, PL=3
PM=1

Total
14
6
2
2
4

Six respondents mentioned that they did not know what factors affected the climate. As a large
holder stated:
“It is difficult to know what factors have impacted nature. [T]he differences in temperature in cities
is bigger and more noticeable (warmer). And water penetration too. There is no infiltration
program in cities.” (P9-L)
Furthermore, three key actors responded that global climate change and pollution are the main
factors that affected changes in the climate (SG, SP, SN). Other factors mentioned were El Niño, La
Niña and the sun. A medium-sized producer affirmed that before agriculture was present in west
Bahía it was already dry in this region and explained that it is thus a natural phenomenon.
Measures to reduce effects of changes in climate
More than 75% of the producers mentioned taking actions to reduce the effects of changes
in rainfall or temperature (P=19). The other 25% did not take actions to reduce the effects of
regional changes in climate (PS, PM, PL=4), Of these, four producers irrigate between 5% an 100%
of their crops. (PM, PL=3). Average productivity of soy in non-irrigated areas that do not take
climate mitigation actions is only marginally lower than the average for the total study area (63,3
compared to 64,2 bags of soy/ha, respectively), suggesting that properties without irrigation were
located in areas with favourable rainfall and temperature.
Producers and key actors mentioned a variety of measures that producers take to reduce
negative climatic effects, as can be derived from Table 18. Such measures comprise of changing
the sowing date (S=2, P=6), using different cultivars such as drought resistant plants (P=7),
changing the soil profile (P=3) and adopting irrigation (P=2). One producer mentioned having
changed the planted area (PL), while a director of a farmers’ cooperative argued that he would
never change the planted area (SA).
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Table 18
Measures producers and key actors take to reduce the effects of changes in climate
Measures that are taken to reduce the effects of changes in climate
Key actors
Producers
Total
Change
sowing date

SG=1, SA=1

PL=5

8

Use different
cultivars

-

PM=1, PL=6

7

PL=3

3

Irrigation

-

PS=1, PL=1

2

Change
planted area

SA=1

PL=1

2

Other

SB=1

PL=3

4

Soil
management

A large producer explained in detail what measures he took to adapt to climatic changes:
“[We use] crop rotation, cover the soil, investment in the soil profile [and we] use biological
products to improve the quality of the soil. Carbon sequestration is used to increase organic
material in the soil. With this we improve the soil life and its capacity to maintain water.
[Furthermore, we] divide plantation in different stages to adapt to changes in rain: we plant over
30 days instead of 10.” (P25-L)
Other measures producers mentioned included going after technological assistance (PL) and
planting less in the second crop (PL). Another large holder added that they start by planting 60%
of the soy, and that they will plant the rest if the weather is good (PL). A fourth producer
mentioned that since a drought in 2015 they adopted resting areas, so-called ‘pousio’ (PL).
Furthermore, they will change the crops and not buy new equipment because it is predicted that
2020 and 2021 will be dry:
“2020_2021 will be dry. Change the crops, they are not buying new equipment until 2023. Since
drought of 2015 we have parts with resting area (pousio).” (P12-L).
Even though many producers have the capacity to take actions, a representative of an NGO said
that smallholders do not always have the capacity to take measures to reduce unexpected and
undesirable effects of changes in rain and temperature (SN).
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4.3.4.3 Willingness to take action to reduce conversion of NV by expanding into cleared areas
The section below describes the willingness of producers and key actors to take action to
reduce conversion of native vegetation. Reasons to expand over cleared areas are discussed first,
after which incentives for such expansion are discussed. Subsequently, awareness of programs to
stimulate such expansion are discussed, as well as producers’ interest in joining such a program.
The main reason why respondents would choose to expand agriculture over already
cleared areas was to avoid the cost of clearing new land (S=7, P=12), as can be derived from Table
19. Two other reasons that respondents mentioned regularly were that it is easier and faster to
expand over already cleared areas (S=2, P=4) and that they do this to avoid bureaucracy (S=1,
P=5), such as the process to obtain a license to deforest. Furthermore, a wide variety of reasons
was mentioned, including better soil conditions in already cleared land (S=1, P=2), faster
economic return (P=3) and to preserve native vegetation (S=2, P=1). One producer explained that
already cleared land is more expensive, but that the economic return is faster:
“[The land] is more expensive, but it pays off faster than native vegetation areas” (P11-L)
Two respondents stated that cleared areas are more fertile than newly cleared areas. However,
another respondent stated that this depends on how long it has been since the area has been
cleared and argued that the risks are lower in the first years (PL). Furthermore, respondents
mentioned the better climatic conditions (PL=2) and the opportunity cost in already cleared areas
as reasons to expand over already cleared lands (SG, PS).
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Table 19
Main reasons to expand agriculture over already cleared areas
What are people’s main reasons to expand agriculture over already cleared
areas?
Key actors
Producers
Total
To avoid the costs of
clearing new land

SG=2, SA=1,
SP=1, SN=2,
SB=1

Easy/faster
SG=1, SA=1, SB=1
Avoid bureaucracy or
license
SN=1
Soil profile
SA=1
Faster economic return
Preserve native
vegetation on their land

SA=1, SB=1

They are more fertile
(than newly cleared
areas)

19

PS=1, PL=3
PS=1, PL=1
PS=1, PL=3

5
3
3

PL=1

3

0 PM=1, PL=1

Climate
Opportunity cost
SG=1
Opportunity neighbours SA=1
Avoid conflict with
traditional communities
or wildlife
Comply with the law

PS=2, PL=10
PM=1, PL=2

SP=1

6

2

PL=2
PS=1
PL=1

2
2
2

PL=1

1
1

According to the respondents, many types of incentives would make farmers consider
expanding into already cleared areas instead of clearing a new area. Table 20 provides an
overview of such incentives. Four incentives were mentioned by more than 75% of the
respondents, which are: receiving a payment or subsidy (S=12, P=22), receiving compensation for
the costs to prepare the land for agriculture (S=11, P=22), getting access to long term loans (e.g.
10 years) to invest in the land (S=9, P=22) and getting access to niche markets (S=10, P=20).
Factors that were mentioned by more than half of the respondents were to obtain and/or
maintain access to international markets (e.g. through market pressure) (S=6, P=16), if the price
or rent of already cleared land is lower than land with native vegetation (S=6, P=16) and when
the risks (to production) on already cleared lands would be minimized (S=5, P=16). Ten
respondents mentioned that technical assistance to prepare the land for agriculture would make
them more willing to expand to already cleared areas (S=3, P=7). However, two respondents
clarified that technical assistance is only important for smallholders. Seven respondents
mentioned the reputational risk from clearing native vegetation as a factor (S=1, P=6). Mainly
large producers mentioned reputational risk as a reason to expand over cleared areas. However,
reputational risk has not been mentioned as an important factor in other sections over the course
of the interviews. Other factors that were mentioned are tax incentives (SP) and payment for
ecosystem services (SA). An agricultural consultant said that what matters most is to dilute the
production costs, such as by decreasing the taxes and costs of logistics.
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Table 20
Incentives that would make producers consider expanding over cleared areas
Incentives that would make farmers consider expanding into cleared areas
instead of expanding over native vegetation
Key actors
Producers
Total
Receiving a payment or SG=3, SA=4, SP=2,
subsidy to help do that SN=2, SB=1

PS = 4, PM= 1, PL=17

34

Compensation for the
costs to prepare the
land for agriculture

SG=2, SA=3, SP=1,
SN=2, SB=1

PS=4, PM=2, PL=16

33

Access to long term
loans (e.g. 10 years) to
invest in land

SG=3, SA=2, SP=2,
SN=1, -B=1

PS=4, PM=2, PL=16

30

SG=2, SA=4, SP=1,
Access to niche markets SN=2, SB=1

PS=4, PM=2, PL=14

30

Obtain and/or maintain
access to international
market (e.g. market
pressure)

SG=2, SA=1, SP=1,
SN=1, SB=1

PS=4, PM=2, PL=10

22

If price of already
cleared land/rent is
lower than land with
native vegetation

SG=3, SA=1, SN=1,
SB=1

PS=2, PM=1, PL=13

22

When the risks (to
production) on already
cleared lands are
minimized

SG=2, SA=2, SB=1

PS=3, PM=1, PL=12

21

Technical assistance
with preparing the land
for agriculture

SG=1, SA=1, SP=1

PS=3, PM=1, PL=4

10

Reputational risk from
clearing forests,
savannas, or grassland

SB=1

PS=1, PL=5

7

Other incentives

SA=1, SP=1, SC=1

-

3

Several respondents were critical towards such incentives (PL=2, PS=1, SP, SA, SG) and
commented that incentives not to open new areas for expansion might not be that promising. as
the idea to not be able to expand over NV in the future is unacceptable to some producers. The
head of the association of seed producers stated that whether farmers would be willing to accept
a payment or compensation of costs to prepare the land largely depends on how much money
they would receive. He further explained that ABIOVE, the Brazilian association of vegetable oil
industries, offered farmers money to not open vegetated areas on their property, but nobody was
interested. A large holder adds that he would not accept a payment to not open NV on his land:
“[Receiving a] payment to not open.. I can’t create the precedent accepting that. Higher
productivity means higher credit supply. It also increases the price of my land as a guarantee in the
bank. It is less for native vegetation.” (P8-L)
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In addition, a representative of a producers’ cooperative pointed towards a potential leakage
effect; if conservation efforts increase, this might result in conversion of native vegetation
elsewhere. A producer added that even if incentives would exist, someday this area will be
cleared:
“Despite incentives to not open, you can be sure this area will be open someday, somehow” (P16-L)
Furthermore, a representative of the state of Bahia argued that producers don’t need more
benefits because such benefits already exist:
“Producers have all sorts of benefits already, so they don't need more benefits. Any of these
economic benefits, we already have. Rabobank and other banks already offer long term loans. It
does not add much new, so it won't change anyone’s behaviour. So, this question does not make a
lot of sense.” (S4-G)

As can be seen in Table 21, about 38% of the interviewees mentioned to be aware of
programs that stimulate expansion over native vegetation (S=6, P=9) while 62% was not aware
of such a program (S=8, P=16). A wide variety of key actors was aware of such programs, but
representatives of the government and agricultural associations were less aware of programs.
Five different types of programs were mentioned: governmental policies (PL=6, PS=1, SB, SC, SA),
banks (PL=2, SP, SG, SA), NGO’s (together with traders) (PL=2, SN) and certification schemes
(PL=2, SP=1). Five different kind of governmental policies were mentioned, five programs from
NGO’s, two programs from banks, and one certification scheme. An overview of these programs
can be found in Appendix 5. An agribusiness advisor did not believe that programs exist to
stimulate expansion over cleared areas and prevent expansion over native vegetation, and argued
that even if they would exist, he would still not believe it is true.
Table 21
Respondents awareness of programs to stimulate expansion over cleared areas in lieu of vegetated
areas
Respondents awareness of programs that stimulate expansion of
agriculture over already cleared areas or degraded lands instead
of clearing new lands
Key actors
Producers
Total
Awareness

SG=1, SA=1, SP=1,
SN=1, SC=1, SB=1 PS=2, PL=7

SG=3, SA=3,
No awareness SP=1, SN=1

PS=2, PM=2, PL=12

15
24

Many producers mentioned to be interested in participating in and/or learning more
about programs that stimulate expansion of agriculture over already cleared areas or degraded
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lands rather than clearing NV to expand (P=23). Two large holders from Barreiras were not
interested in such a program and another large holder answered that she had already cleared
everything on her property, so she would join any program. One of the two producers that was
not interested in such a program argued that he did not believe in incentives not to expand. This
large holder mentioned to believe in good practices, but not in payment to keep his surplus.

4.3.4.4 Future production in region west Bahia
The upcoming section describes the perspective of producers and key actors on future
production in west Bahia. The willingness to produce in a more sustainable way is described first,
after which predicted expansion to other regions is discussed.
Some respondents mentioned that there is an increased willingness among producers to
produce in a more efficient and sustainable way. Quite a few producers mentioned that they
already adopt sustainable practices, such as no-till farming, using biological products and
improving the capacity of the soil to maintain water. Another large holder added that many cotton
producers produce in a sustainable way and are part of sustainability initiatives such as the Better
Cotton Initiative. Furthermore, one producer argued that especially the younger generation is
willing to adopt more sustainable practices:
“This new generation is very willing to produce in a more sustainable way. And are inventive to
intensify. ‘We are changing everything’” (P4-S)
In addition, producers argued that if the demand for sustainable products would increase,
and accompanied with fair prices, producers would be willing to produce more sustainably. Some
interviewees pointed out that the demand for more sustainable products is currently low, and that
the price for sustainable soy is only $4 higher than for conventional soy (SP). Nevertheless, solely
being able to expand over already cleared lands was not part of producing in a more sustainable
way. The main argument that producers used why they are not willing to give up their right to
deforest is that they would miss out on economic opportunities, a smallholder argued that it is
thus hard to defend additional preservation.
Because the best areas for agricultural production in west Bahia have already been taken
and because the land in west Bahia is expensive, respondents predict that people will search for
their luck elsewhere. Several interviewees mentioned the future of Bahia and talked about
expansion to other areas: the frontiers of the future and the areas where people do not want to
expand to. One large holder explained that where people expand depends on the prospects for the
coming 10 years. The financial head of an agricultural union further added that agriculture in west
Bahia will be good for about 10 more years, but that people will move to other states afterwards.
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Currently, there is still a lot of land available in west Bahia, but many people do not want to buy it
because it is too expensive. However, despite the land in neighbouring Tocantins being twice as
cheap, the head of the association for seed producers argues that people also do not want to move
here due to the heterogeneity of the soil.
Several states are mentioned where producers from west Bahia are moving to and are
predicted to increasingly move to in the future. The head of agriculture from a municipality
mentioned that producers mainly move to Maranhão, Tocantins, and two Amazonian states on the
border with neighbouring countries: Amapa, and Roraima. Another state that was mentioned as
a new frontier is Piauí, the fourth state of Matopiba. The financial head of an agricultural
association argued that Maranhão is currently what west Bahia was 12-13 years ago and
explained that people from west Bahia that have the know-how will move there:
“They are moving to Maranhão. They have the know-how and they move there. Maranhão today is
the west Bahia 12-13 years ago. More 10 years [will be] good here, but then they are moving there.”
(S7-A)
Furthermore, the head of agriculture from one of the municipalities explained that people first
watch the success of the pioneers before they decide to move into a new area:
“Boi de piranha (watching the success of another before taking the risk). Amapa, Roraima,
Tocantins, Maranhão. People from here (west Bahia) move to these states to grow soybean.”
(S2-G)
A representative of a local NGO explained that producers usually first expand and might intensify
later. Furthermore, the representative added that the context in Matopiba currently favours
clearing:
“The context now is favouring the clearing of MATOPIBA. High concentration of public lands and
low population density and a federal policy instigating people to come here.” (S12-N)
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4.3.4.5 Summary of perceptions regarding native vegetation, climate change and future
production in west Bahia
Overall, the respondents’ perception on NV was quite positive and many mentioned a wide
variety of benefits of native vegetation. Perception on the importance of NV for production
differed between the key actors and producers and was regarded as more important by key actors.
The importance of NV seemed to be primarily linked to permanent protected areas and less to the
legal reserve on producers’ property. Surplus NV on producers’ property was largely regarded as
potential value addition in the future.
While more than half of the respondents noticed some changes in the climate, these
changes were largely attributed to natural cycles and not to climate change. Global climate change
was thus not perceived as a large risk by producers, even though climatic factors were the main
reasons for loss in productivity. Nevertheless, most producers did mention to take action to
reduce the effects of too much or too little rain, such as changing the sowing date and using
different cultivars.
In general, producers were found to be interested in receiving compensation or benefits
to expand over cleared areas instead of clearing new areas. However, this would largely depend
on the type and of the incentive. Incentives that provide financial assistance or increased access
to markets were most popular. Some respondents were critical and argued that such incentives
might not be effective. Some producers mentioned to adopt sustainable practices and argued that
especially the young generation is willing to produce in a more sustainable way. They argued,
however, for such practices to be feasible and more widely adopted, the demand for sustainable
produced products should increase. Furthermore, maintaining surplus NV was not regarded as
part of such sustainable practices.
Respondents argued that the current context in the Matopiba region favours expansion
over NV, for example due to the federal policy that stimulates people to move to this region.
Producers and key actors predicted that expansion of agriculture in west Bahia will be good for
about 10 more years and stated that people will move to other states in Matopiba and the Amazon
to expand agriculture. Such expansion is usually initiated by pioneers, after which other producers
follow when they see that the pioneers are successful.
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4.4 Resuming the overall results
Using the GIS analysis, the main hotspots of conversion of NV in west Bahia were defined,
as well as the anthropic land uses that were responsible for this conversion (crop and pasture
expansion).
The drivers of such expansion of agriculture were the high and increased demand in
agricultural products, migration of people from the south to the north of Brazil and improved
technologies, as found in both the fieldwork and the literature review on drivers of LUC in the
Cerrado. Other drivers as extracted from the literature review, including improved infrastructure,
increased access to international markets and indirect drivers such as global population growth,
were not reflected in the results from the fieldwork. However, the two enabling factors that
influence where expansion takes place, environmental circumstances and infrastructure, were
reflected in both the literature review as well as in the fieldwork.
During the fieldwork, additional enabling factors that impact expansion were found: the
perception that NV is an economic opportunity, the price of land with NV compared to the price
of cleared land, environmental law and cultural factors. While the literature review addressed
drivers of land use change, the fieldwork aimed to divert between drivers of expansion over native
vegetation versus expansion over cleared areas. However, the drivers for expansion in general
and expansion over native vegetation were largely the same. Enabling factors played a more
important role in the distinction between expansion over NV or cleared areas.
Currently, there are favourable conditions in west Bahia to expand over native vegetation.
Such factors are the lower price of land with NV, the potential value addition to the land with NV
and the tax that people need to pay for their land, despite of the land use. Respondents reported
that for the coming 10 years expansion circumstances in west Bahia are likely to be good, after
which people will move to other states to expand agriculture.
Overall, respondent’s perception on NV was positive and a wide variety of benefits of NV
was mentioned. These benefits were, however, primarily linked to permanent protected areas and
not to legal reserves. Furthermore, global anthropic climate change was not perceived as a risk to
production because changes in climate were attributed to cycles.
In general, producers were found to be interested in receiving compensation or benefits
to expand over cleared areas instead of clearing new areas, especially financial assistance and
access to markets were of interest. Respondents reported increased willingness among the young
generation to produce more sustainably, although further increase in sustainable production was
reported to be dependent on increased demand for such products.
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5. Discussion
This chapter discusses the main findings of this research and compares these with
academic literature and the conceptual framework. Subsequently, limitations are discussed as
well as policy implications and topics for potential future research.

5.1 Main findings
This research has shown that a wide variety of drivers and enabling factors impacted
conversion of NV in LUC hotspots in west Bahia. While global and national factors mainly drove
conversion of NV by stimulating expansion of agriculture, local and regional factors were reported
to impact where such expansion takes place, and thus whether NV is being converted. The section
below will first present the main findings structured by research question, starting with hotspots
of conversion of native vegetation, followed by drivers of land use change, enabling factors of land
use change, and finally the perception of producers and key actors regarding native vegetation,
climate change and future production in west Bahia.
Hotspots of conversion of native vegetation
The municipalities in the very western part of west Bahia were found to be hotspots of
recent conversion of NV, suggesting that environmental conditions in these municipalities are
favourable for agriculture. De Oliveira et al. (2017) confirmed that these municipalities contain
particularly favourable climate conditions for agricultural production. However, Pousa et al.
(2019) show that the use of irrigation systems increased rapidly in west Bahia and that there is
thus an increased dependency on irrigation. While in the west of western Bahia, on the border
with Tocantins, most crops are rainfed, the number of irrigated areas increases towards the east
of the municipalities.
While in other locations in Brazil, such as in the Amazon (Morton et al., 2006), NV is usually
first converted to pasture after which it is converted to crop, most NV in west Bahia was directly
converted to crop. This is an important finding, because in order to be able to create effective
conservation policies it is essential to know what type of producers or type of land use need to be
targeted.
Drivers of land use change
The main direct driver of the expansion of agriculture is the high and increased demand
for agricultural products, which is in line with findings from a wide variety of authors (see
Richards et al., 2012; Aide et al., 2013; Gasparri et al., 2013; Morton et al., 2006; Nepstad et al.,
2011; Lambin and Meyfroidt, 2011; Lathuilière et al., 2014; Godar et al., 2015; Garret et al., 2013;
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Sawyer, 2008; Macedo et al., 2012; Espirito-Santo et al., 2016; Coelho et al., 2013; Godfray et al.,
2010). Several authors argue that such increased demand is the result of population growth
elsewhere (see Espirito-Santo et al., 2016, Garcia and Ballester, 2016; Jepson et al., 2010; Lucarelli
et al., 1989), and that this will further increase demand for land for agriculture as the global
population grows (Godfray et al., (2010). Although population growth was an important driver
resulting in increased demand for agricultural products, it was not the direct reason producers
mentioned for increased production. Rather, economic opportunities that accompany increased
demand as the main reason for increasing production were cited. This and other indirect drivers
as derived from the literature review, were not widely confirmed by interviewees. It is likely that
these indirect drivers were not reflected in the responses of producers and key actors because
they are further away from the local reality on the farm.
Geist and Lambin (2001) argued that migration of producers to frontiers with NV is a more
important driver of agro-pastoral expansion than global population growth. In line with Carr
(2004), who conducted research on differences in land use between farmers in Guatemala, this
research has shown that scale plays an important role in determining drivers and other factors of
expansion, because global and indirect drivers are less visible on a local scale. Therefore, even
though Geist and Lambin (2001) found that migration was a more important driver in the subnational case studies they conducted, this does not necessarily mean that migration to frontiers is
a more important driver. Carr (2004) regards in-migration as a precondition – rather than a driver
– for conversion of NV.
Even though large producers are responsible for most conversion of NV, they are usually
not the first settlers in agricultural frontiers. The first settlers are often small-holder farmers.
Several authors argue that such pioneers have been the main drivers of conversion of NV in
frontier hotspots globally (Achard et al., 2002). Producers and key actors confirmed the important
role of pioneers from the south of Brazil for the creation of the agricultural frontier. These
pioneers have a long tradition of commodity crop production and are reported to mainly have
European origins. Although respondents did not specify whether these pioneers were
smallholders, it was noted that the pioneers exchanged small farms in the south for large farms in
the north. This migration coincided with the shift of locally oriented production systems to exportoriented production systems, which increased the ties of land use dynamics to demand from
international markets (Carr, 2004).
Enabling factors of land use change
Even though research has shown that a combination of local and regional factors made
expansion of agriculture over NV the favourable option instead of expanding over already cleared
areas, a business case could be made for conservation. In Costa Rica, for example, private
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landowners received compensation from the government for provision of ecosystem services,
including hydrological services, the conservation of biodiversity, carbon sequestration and
providing scenic beauty (Pagiola, 2002). Producers in west Bahia stated to be interested in
learning more about compensation schemes to expand over cleared areas instead of NV. However,
they were averse to the idea to give up their right to clear NV. A likely reason for this is that the
short-term economic benefits of expanding over NV outweigh the perceived benefits of expanding
over cleared areas (Macedo et al., 2012). Other reasons could be that there is a lack of awareness
of the economic opportunities and co-benefits of preserving NV.
Perception of native vegetation, climate change and future production
Even though NV and its ecosystem services were largely regarded as important by
producers and key actors, the stated importance depended on the legal status of the NV. While
respondents attributed many ecosystem services to permanent protected areas, legal reserves
were perceived as a barrier to the producers’ ability to expand agriculture in this area and thereby
a barrier to gain more economic profit. Sparovek et al. (2012) also argue that producers regard
the LR as a barrier to development, while Pacheco et al. (2017) argue that some producers do
appreciate the importance of NV for agricultural production and its intrinsic value or cultural
reasons. Nevertheless, there seems to be a lack of awareness of the benefits of legal reserves to
agricultural production. For example, NV enables the recharging of the Urucuia aquifer in west
Bahia, which could be compromised conversion of NV for expansion of agriculture (de Oliveira et
al., 2017). Other important ecosystem services in the Cerrado are the maintenance of the quality
of water and soil, prevention of erosion and maintenance of biodiversity (Lima et al., 2017). While
climatic factors were mentioned as the main reasons for loss in productivity, there did not seem
to be appreciation for regional benefits of NV to agricultural production, such as maintaining a
favourable climate. Respondents did not link conversion of NV to changes in local temperature
but attributed those to natural cycles. Similarly, global climate change was not perceived as a large
risk by respondents.
Some respondents and key actors argued that there is a lack of suitable land available for
expansion of agriculture in Bahia, positing that future expansion will move to unexplored areas in
surrounding states in Matopiba, which will likely result in increased clearing of NV. Many authors
and government representatives argued that in order to meet Brazil’s production targets, no new
conversion of NV is needed (Strassburg, 2017; Strassburg, 2014; Azevedo-Ramos, 2008; CarneiroFilho and Costa, 2016). Towards the east of west Bahia there are many degraded pastures. In total,
more than half of the pasture area in Bahia is severely degraded (51%, or nearly 10.000.000 ha),
and only 27% is fully intact (Lapig, 2018). In addition, the data from Lapig (2017) shows that a lot
of pasture has potential for intensification, which could free up land for agricultural expansion
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(Merten and Minella, 2013). In the Amazon producers have already started to plant in degraded
pasturelands (Kastens et al., 2017) and producers in the state Mato Grosso have shown that it is
possible to increase agricultural production without conversion of NV (Macedo et al., 2012).
However, even if degraded areas could in theory be used for expansion of agriculture, producers
might be unaware or unwilling to expand there. For example, while spatial analysis shows that
there is a lot of degraded pasture in Bahia, these areas may not be regarded as available for
expansion by producers unless the land is made attractive to expand to through incentives.
Benefits of potential expansion over pasture would be that infrastructure such as roads are largely
present and that the cost to clear the land is avoided. However, an investment in remediation of
degraded soils would be a disadvantage. Producers mentioned a variety of incentives that would
make them interested in expanding over cleared areas, such as subsidies and access to niche
markets. There is thus a need for better communication of such opportunities, together with large
investments in the land and incentives to expand over already cleared areas.

5.2 Limitations of research
This research was limited by several factors, including the time, difficult field logistics, and
methods available. A first limitation of this research is the sample size. As a result of the short
timeframe for the fieldwork, some actors were less represented in the sample (e.g. NGOs). Given
the small samples size, it is both difficult to generalize about the group they represent and to
compare results for different types of actors. In addition, a larger sample size might have resulted
in an even more complete overview of drivers and enabling factors of expansion of agriculture
and conversion of NV.
Another challenge of the interview process was the need to establish trust with the main
agricultural association in west Bahia (AIBA). Most producers in the region are part of this
organisation, and without its approval of our work, we would not have had access to many of the
people that we interviewed. By adopting an open and transparent attitude, and by explaining the
importance of including of the perspective of producers, we were able to establish a good working
relationship with AIBA.
Nationality and worldview were other limitations, especially with regard to producers’
distrust towards environmentalists and foreign researchers. As a Dutch national, I was sometimes
regarded as a European who aimed to tell Brazilian producers what they should and should not
do. This barrier was partly alleviated because Dr. Rattis is a Brazilian national from a rural region,
which helped establish trust and a connection with interviewees. Nevertheless, these factors may
have resulted in interviewees providing socially desirable answers on the one hand, or
provocative answers on the other.
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The use of a tablet to conduct the questionnaire during the interviews posed another
limitation. Even though the tablet made it easier to access and save data, it was sometimes a
challenge to include the richness of the answers of each respondent. Detailed field notes, as well
as debriefing right after the interviews brought back part of this richness. An alternative would
have been to record the interviews. However, it is likely that many people would have been
unwilling to be interviewed if recorded, especially given the sensitive questions regarding legality.
A potential bias of the GIS analysis is that it was hard to distinguish between grassland and
pasture, which can therefore be confused. Another limitation is that the satellite data provides an
estimation of forest loss rather than actual deforestation or loss of native vegetation (DeFries,
2010). However, to my knowledge, it is the best available method to estimate land use change
over large areas. Furthermore, Mapbiomas is one of the most trusted sources for such data and
has a high level of accuracy (Mapbiomas, 2019c).

5.3 Policy implications
If no large-scale action is undertaken to spare land, west Bahia will probably have cleared
most native vegetation that is currently allowed to be cleared according to the Forest Code before
2050 (Ferreira et al., 2013), especially in light of the expected increase in demand for agricultural
products. Such clearing could result in local temperature changes and less favourable conditions
for agricultural production. Dependency on irrigation will likely increase, while the pressure on
water reserves is already high (Pousa, 2019). Producers who have the means to adapt to such a
situation, such as by investing in new technologies and maintaining access to sufficient water
resources, will probably stay in business, while others – most likely smallholders – are likely to be
driven out of business. Increased conservation is therefore essential.
Two distinct problems can be targeted by policies in order to decrease conversion of NV:
the source of expansion (high demand for agricultural products that are not conversion-free) and
the supply side of these products. Even though the demand side is global and complex to change,
several industry coalitions have been set up to reduce conversion of NV, such as the Round Table
for Responsible Soy (RTRS) (RTRS, 2020) and the Global Roundtable for Sustainable Beef (GRSB)
(GRSB, 2017). Such initiatives try to get buyers to demand deforestation-free supply chains, which
has had some success in the Amazon through the implementation of a Soy Moratorium (Macedo
et al., 2012, Gibbs et al, 2015), although this resulted in an increase in conversion of NV in the
Cerrado (a cross-biome leakage). However, such initiatives are rarely applied on a large scale in
the Cerrado. This is probably because this extremely diverse and unique savannah ecosystem is
valued less than tropical biomes such as the Amazon (Lahsen et al., 2016, Noojipady et al., 2017).
Redford et al. (1990) point out that one of the main reasons why drylands have been undervalued
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is that there is low awareness with regard to the importance of savannahs. As such, conservation
of NV in the Cerrado is far below the conservation targets as set in international agreements such
as the United Nations Convention on Biodiversity, which states that at least 17% of terrestrial
areas that are important for the conservation of biodiversity need to be conserved by 2020 (CBD,
2010). The total area of the Cerrado that is conserved under conservation units is 8,3%, of which
most is sustainable use (5,2%) and only 2,1% is fully protected (MMA, 2019).
The supply side also has promising opportunities for conservation, such as by
incentivizing expansion of agriculture in lieu of converting new NV. Assuming that the demand for
agricultural products will further increase, effective policies to realise such expansion in a
sustainable way are essential to maintain ecosystem services as well as to maintain a healthy and
liveable environment in the region. Therefore, future policies should be informed by sophisticated
knowledge on enabling factors of conversion of NV combined with proven alternatives to
conversion of NV and close collaboration with people expanding. In the creation of policies, tradeoffs between conservation and production need to be considered. It is therefore important to
evaluate which areas are especially suitable for agricultural expansion and which are essential to
conserve. Chomitz (2004) criticises the FC for its inability to account for such trade-offs, arguing
that the legal reserve is not an effective tool for conservation because it is economically and
environmentally inefficient. Economically, because the most suitable -and thus most profitableland for agriculture is not always used for agriculture due to the LR requirement.
Environmentally, because areas with many endemic species are not prioritised. In addition,
because the individual landowner determines the location of the LR, this often results in
fragmented areas of native vegetation with a lower conservation value (Delalibera et al., 2008).
Alexandre et al. (2010) state that in order to maintain populations, a minimum size of habitat area
and connectivity between habitat areas is needed and argue that the FC does not provide a
mechanism for prioritizing landscape connectivity.
Several respondents mentioned that current conservation policies are unfair because
producers are the main responsible actors for preservation of NV and maintaining its integrity,
while people in the cities, traders and supermarkets do not have such responsibilities. Even
though the producers have a valid point, creating an alternative structure to share this
responsibility would be challenging because most land in west Bahia is privately owned.
Brannstrom et al. (2008) thus argue that if conservation efforts are to increase in west Bahia,
producers would need to be compensated for the foregone income of agricultural expansion. In
this way the opportunity cost of conversion of NV could be reduced and expanding over new NV
might become less attractive. Such a compensation scheme could also include incentives to
promote connectivity of NV areas across properties. In order to tackle the responsibility issue as
well as the fragmentation of forests, a hypothetical solution could be to provide producers with
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the option to create collective private Conservation Units (CU’s) instead of maintaining legal
reserves on farms. In order to create such private CU’s, producers would need to collaborate with
each other and other actors such as environmentalists. In this way, areas that are critical for
conservation can be conserved, while areas that are very suitable for agriculture can be used for
expansion. Other actors such as traders and importers could play a role in the maintenance of
these CU’s. Many studies have shown the effectiveness of CU’s for conservation of NV and support
an increase in the area of CU’s (Klink et al., 1995; Cavalcanti and Joly, 2002; Klink and Machado,
2005; Klink and Moreira, 2002; Ratter et al., 1997; Silva and Bates, 2002; Silva et al., 2006).
However, Brannstrom (2005) argues that there is a strong resistance and mistrust of farmers
towards the creation of more CUs. Furthermore, increased conservation in one area has the risk
to result in leakage of conversion to other areas. The leakage of deforestation from increased
conservation efforts in the Amazon to the Cerrado when the Soy Moratorium was adopted
(Noojipady et al., 2017).
Policies should also focus on increasing producers’ awareness of the impact of conversion
of NV on production, in order to allow for more informed decisions on the location of expansion
and eventually to reduce expansion over native vegetation. Such increased awareness of benefits
such as maintaining the equilibrium of the local climate, as well as awareness on the future risk of
climate to agriculture, producers might consider expanding over cleared areas while leaving areas
with NV intact.
Distrust of agricultural actors towards NGO’s and conservation efforts was found to be
deeply embedded in agricultural and environmental actors. This research therefore reinstates the
importance of including the perspective of such actors and creating pathways towards more
collaboration and collective problem-solving. Pretty et al. (2001) argue that this is a favourable
strategy for conservation, and Brannstrom (2005) adds that associations and organisations play
an important role in creating willingness among producers to collaborate. Brannstrom et al
(2008) further argue that a participatory approach that focuses on producers’ private properties
is essential and urgent in order to reduce clearing of NV in the Cerrado. Such inclusion can, for
example, be done by creating collective action groups within which (representatives of)
producers, NGO’s and government officials are part, who can together create a working
framework for agricultural growth in a sustainable way. Examples of such collective action that
have been pretty successful in other tropical landscapes are RTRS and RTSB. Increased adoption
of such initiatives could be further promoted as well as the creation of new participatory action
groups for the Cerrado and Matopiba specifically. However, the risk of leakage of conversion to
another biome remains.
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5.4 Future research
Future research could investigate in more detail what compensation producers would be
willing to accept to, or how incentives would need to be structured for producers to not use their
right to clear surplus native vegetation and instead to expand NV over already cleared areas. This
could, for example, be done using the Contingent Valuation approach, a non-market method from
environmental economics used to value public goods, such as natural environments (Mitchell and
Carson, 1989). Using this method, non-use values and non-market values of natural resources can
be estimated (Venkatachalam, 2004). Non-use values of natural resources refers to the way
people perceive or evaluate a hypothetical scenario to not use certain natural resources.
In addition, producers’ perception on, and awareness of, the value of ecosystem services
that NV provides to farms could be further explored. It would be interesting to gain more insight
in the gap between producers’ perceived importance of permanent protected areas and legal
reserves for agricultural production.
Furthermore, it would be interesting to investigate the potential of collective action
groups of producers, NGO’s and government officials in the Cerrado to create pathways for NV
conversion-free production, as has been attempted in the Amazon. In addition, such research
could investigate the effectiveness of existing collective action groups of producers, NGO’s and
governments in reducing conversion of NV.
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6. Conclusion
This research aimed to identify the main factors influencing conversion of native
vegetation in hotspots of conversion in west Bahia, Brazil and to increase understanding of
producers’ motivations to expand agriculture over natural vegetation.
Based on a GIS analysis, a systematic literature review and interviews with producers and key
actors, it can be concluded that several global and regional drivers were responsible for expansion
of agriculture, while regional and local enabling factors mainly determined the location of
expansion – and thus whether NV would be converted for expansion of agriculture. The integrated
approach and the mixed methods used in this research enabled inclusion of both drivers and
enabling factors of expansion, resulting in a deeper understanding of expansion processes. This
increased understanding could inform policies with regard to conservation and expansion.
The main direct driver of conversion of NV that transformed land use in west Bahia is the
high and increased demand for agricultural products, resulting in expansion of agriculture. In
addition, Cerrado specific drivers, such as the large-scale migration of people from the south of
the Cerrado to west Bahia in the north, played a significant role in the conversion of NV. Important
enabling factors included the legality of converting NV and the general lack of regard for, and
protection of the Cerrado. While some enabling factors primarily enabled expansion of agriculture
in general (e.g. available logistics and infrastructure), others specifically enabled expansion over
native vegetation (e.g. the lower price of land with NV).
Many producers showed interest in receiving compensation or benefits to expand over
cleared areas instead of clearing new areas. However, producers opposed the idea of forfeiting
their right to expand over surplus NV. Incentive structures are thus more likely to be accepted
among producers rather than command and control structures. The review of enabling factors in
this research could be used as a starting point in creating affordable and attractive options for
producers to expand agriculture over already cleared areas in lieu of native vegetation.
This research has also shown that while the perception of producers and key actors on NV
was quite positive, the importance of NV was specifically attributed to areas of permanent
protection (such as riparian forest buffers) rather than legal reserves on producers’ properties.
Producers seemed unaware of the benefits of NV on farms for productivity, as well as the negative
impact that a loss of such NV could have on production.
Furthermore, this research has shown that even though the context in west Bahia, and
Matopiba in general, favoured expansion of agriculture over native vegetation, there is a clear case
to be made for expansion over already cleared areas in the Cerrado, such as -degraded- pastures.
Adoption of such strategies are especially urgent in light of the expected increase in global demand
for agricultural commodities in combination with the low protection status of the Cerrado.
Further research is needed to gain a deeper understanding of what incentives should entail to
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make producers willing to become part programs that stimulate expansion over cleared areas in
lieu of areas with NV. In addition, future studies could focus on the effectiveness and potential
risks of initiatives that stimulate expansion over already cleared areas.
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8. Appendices
Appendix 1 Questionnaire producers west Bahia
west Bahia research questionnaire
Survey number (ID number of GPS coordinates): ____________
Interviewer: ____________
Part I: The farmer
1. Municipality: ___________________
2. Role of person interviewed: ( ) Owner ( ) Tenant ( ) Employee ( ) Manager ( ) Other
3. The area being farmed is: ( ) Leased, ( ) Owned
4. ( ) Individual farmer ( ) Company/Business entity
If business entity, which one? ______________
5. Are you member of a farmer’s association/ cooperative?
( ) Yes ( ) No
If so, which one? ______________
6. Is the property registered in the Rural Environmental Registry (CAR)? ( ) Yes, ( ) No
7. Is the property the main source of income? ( ) Yes, ( ) No
Module 2: Property Characteristics
8. How many farms do you have?_____________________________
a. For which farm would you like to answer the questionnaire (farm has to be within researched
municipalities: Formosa do Rio Preto, Correntina, São Desidério, Jaborandi, Luis Eduardo Magalhães,
Barreiras, Riachão das Neves).
b. What year was the property purchased or when did the lease begin? _____________
9. What year did the production begin? _____________
10. What is the total area of the property: ________
a. What is the total area being used for crop farming last year (ha): ________
b. What do you grow? (soy, corn, cotton)
If soybean: what is the area of planted soybean?______________
What is the productivity of this land?______________________
c. What is the total area being used for pasture (ha): _____________
What is the productivity of this land?__________________
d. What is the total area of cleared not used land?______________________
What is this area used for?________________________
11. Has the total area of the property increased or decreased since the first purchase/lease of the land?
( ) No, ( ) Yes.
If yes, what was the area of the property in the first year of the purchase/lease (ha)?__________
12. Do you have a second crop (second harvest in the year)? ( ) No, ( ) Yes. Which:
_________________________________
13. Was there a delay in the rain season? ( ) No, ( ) Yes. How many days? ________ Reason:
__________________________________________________________________________________
_____________________________
14. If there was a loss of productivity, please state the reasons:
__________________________________________________________________________________
_____________________________
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15. Do you use irrigation? ( ) Yes, ( ) No. If yes, what is the irrigated area
(ha)?______________________
16. Has the date of planting and harvesting changed in recent years? ( ) Yes, ( ) No
How long? (days) _____________
Module 3: Native vegetation on the farm
17. Is there native forest, savannah or grassland on the farm?
( ) Yes, ( ) No. If yes, what is the total area with native vegetation (ha): ______________ (if known)
17 a.I f yes, why do you maintain native vegetation on your farm?:
( ) To maintain the value of the property
( ) Risk of fine/seizure
( ) Market access
( ) Access to credit
( ) To comply with the law
( ) Other:________
Comment__________________________________________________________________________
______
18. Is there native vegetation around water bodies?
( ) Yes, ( ) No, ( ) No rivers or bodies of water on the property
19. Do you believe that native vegetation provides benefits to your farm?
( ) Yes, ( ) No. If yes, what benefits?
__________________________________________________________________________________
_____________________________
a. If yes, how important is native vegetation for your production on a scale from 1 – 10 (10; very
important and 1; not important)
1
2
3
4
5
6
7
8
9
10

Module 4: Expansion patterns
4.1 Farmers in General
20. Have you experienced/noticed expansion of agriculture in your neighbourhood/municipality over
the past 20 years? ( ) Yes, ( ) No.
a. What do you think motivates farmers in general to expand agriculture? (if more than 1, please
name all reasons)
( ) Access to more credits
( ) Because buyers require it (in case of contract farmers)
( ) To pay off debts
( ) To meet increased market demand
( ) To increase the value of their land
( ) To increase production and/or income
( ) It is easy to obtain a permit to expand
( ) Other,
namely____________________________________________________________________________
__________________________
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b. What factors do farmers take into account when deciding where to expand?
( ) Compliance with the law
( ) Risk/benefit for agricultural production (e.g. soil fertility/moisture, rainfall/drought, access to
water)
( ) Access to rural credit
( ) Cost of expansion
( ) Logistics of expansion (e.g. market access, infrastructure, ease to obtain permits)
( ) Other,
namely____________________________________________________________________________
_______________
c. What tools or information do farmers use to decide where to expand?_____________
d. What kind of vegetation or land use does this expansion usually replace? (If more answers, rank
them)
( ) Grassland
( ) Forest (Cerradão)
( ) Savannah (Cerrado)
( ) Native pasture
( ) Cultivated pasture
( ) Open, cleared land
( ) Other,
namely____________________________________________________________________________
_______________
21. What are people’s main reasons to expand agriculture over already cleared areas?
( ) Preserve native vegetation on their land
( ) Avoid conflict with traditional communities or wildlife
( ) They are more fertile (than newly cleared areas)
( ) To avoid the costs of clearing new land
( ) Only land available to expand
( ) Comply with the law
( ) Other,
namely____________________________________________________________________________
_______________
22. What are people’s main reasons to expand agriculture over forests, savannah or native grassland
(i.e. native vegetation)?
( ) It is the only land available on their property
( ) Easy to obtain a permit to expand
( ) Land is more fertile than other land
( ) Increases the value of the land
( ) Other,
namely____________________________________________________________________________
_______________
4.2 Farmers themselves
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23. Has the area of land (ha) that you use for agriculture increased over the past 20 years? ( ) Yes, ( )
No.
24. If expansion occurred over native vegetation: What were your main reasons to expand agriculture
over native vegetation?
( ) It is the only land available on my property
( ) It is easy to obtain a permit to expand over native vegetation
( ) The land is more fertile than other land
( ) It increases the value of the land
( ) Other,
namely____________________________________________________________________________
_______________
25. Have you considered alternatives to expanding over native vegetation? ( ) Yes, ( ) No.
b. If yes, what alternatives did you consider? ______________
Module 5: Incentives and disincentives to expand over cleared areas
26. Which of the following would make you consider expanding into cleared areas instead of
expanding over native vegetation?
( ) Access to niche markets
( ) Receiving a payment or subsidy to help do that
( ) Compensation for the costs to prepare the land for agriculture
( ) Technical assistance with preparing the land for agriculture
( ) Access to long term loans (e.g. 10 years) to invest in land
( ) Obtain and/or maintain access to international market (e.g. market pressure)
( ) Reputational risk from clearing forests, savannahs, or grasslands
( ) If price of already cleared land/rent is lower than land with native vegetation
( ) When the risks (to production) on already cleared lands are minimized
( ) Other,
namely____________________________________________________________________________
_______________
27. Are you aware of programs that stimulate expansion of agriculture over already cleared areas or
degraded lands instead of clearing new lands? ( ) Yes, ( ) No.
If yes, which one(s)?
__________________________________________________________________________________
_____
If yes, have you participated in any of these? ( ) Yes, ( ) No. If yes, which one?
__________________________________________________________________________________
_____________________________
28. Would you be interested in learning more about and/or participating in programs that stimulate
expansion of agriculture over already cleared areas or degraded lands? ( ) Yes, ( ) No.
Module 6: Influence of climate on production and adaptation
29. Have you noticed changes in rainfall in the region? ( ) No ( ) Yes, what changes and since when?
__________________________________________________________________________________
_____________________________
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__________________________________________________________________________________
_____________________________
30. Have you noticed changes in temperature in this region? ( ) No, ( ) Yes, what changes and since
when?
__________________________________________________________________________________
_____________________________
__________________________________________________________________________________
_____________________________
31. If the answer was yes to the two previous questions, answer this question:
In your opinion, what factors have affected the climate?
__________________________________________________________________________________
_____________________________
__________________________________________________________________________________
_____________________________
32. Do you take action to reduce the effects of too much or too little rainfall or high temperatures on
your production? ( ) No, ( ) Yes
What measures:
__________________________________________________________________________________
_____________________________
33. Age ( ) < 25, ( ) 25 – 35, ( ) 35 – 45, ( ) 45 – 55, ( ) 55 – 65, ( ) > 65
34 Gender: male/female/other

If the interviewee wants to leave its contact for the results of the research
Name: _________________________
Telephone: _______________________ E-mail:
_________________________
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Appendix 2 Short questionnaire key players west Bahia
Short questionnaire key players
west Bahia research questionnaire key players
Survey number (ID number of GPS coordinates): ___________
Interviewer: ____________
Module 1: the actor
1. Municipality: ___________________
2. Organisation of person interviewed:______________
3. Role of person interviewed:__________________
Module 2: Native vegetation on farms
4. Do most farms have native forest, savannah or grassland on their property?
5. Why do you think farmers maintain native vegetation on their farm?:
( ) To maintain the value of the property
( ) Risk of fine/seizure
( ) Market access
( ) Access to credit
( ) To comply with the law
( ) Other:________
Comment_______________________________________________________________
6. Do you believe that native vegetation provides benefits to farms?
( ) Yes, ( ) No. What benefits? __________________________________
a. How important do you think native vegetation is for production on a scale from 1 – 10 (10; very
important and 1; not important)
1
2
3
4
5
6
7
8
9
10

Module 3: Expansion patterns
7. Have you experienced/noticed expansion of agriculture in your neighbourhood/municipality over
the past 20 years? ( ) Yes, ( ) No.
a. What do you think motivates farmers to expand agriculture? (if more than 1, please name all
reasons)
( ) Access to more credits
( ) Because buyers require it (in case of contract farmers)
( ) To pay off debts
( ) To meet increased market demand
( ) To increase the value of their land
( ) To increase production and/or income
( ) It is easy to obtain a permit to expand
( ) Other
b. What factors do you think farmers take into account when deciding where to expand?
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( ) Compliance with the law
( ) Risk/benefit for agricultural production (e.g. soil fertility/moisture, rainfall/drought, access to
water)
( ) Access to rural credit
( ) Cost of expansion
( ) Logistics of expansion (e.g. market access, infrastructure, ease to obtain permits)
( ) Other
c. What tools or information do you think farmers use to decide where to expand?_____________
d. What kind of vegetation or land use does expansion usually replace? (If more answers, rank them)
( ) Grassland
( ) Forest (Cerradão)
( ) Savannah (Cerrado)
( ) Native pasture
( ) Cultivated pasture
( ) Open, cleared land
( ) Other
8. What are people’s main reasons to expand agriculture over already cleared areas?
( ) Preserve native vegetation on their land
( ) Avoid conflict with traditional communities or wildlife
( ) They are more fertile (than newly cleared areas)
( ) To avoid the costs of clearing new land
( ) Only land available to expand
( ) Comply with the law
( ) Other
9. What are people’s main reasons to expand agriculture over forests, savannah or native grassland
(i.e. native vegetation)?
( ) It is the only land available on their property
( ) Easy to obtain a permit to expand
( ) Land is more fertile than other land
( ) Increases the value of the land
( ) Other
Module 4: Incentives and disincentives to expand over cleared areas
10. Which of the following would make farmers consider expanding into cleared areas instead of
expanding over native vegetation?
( ) Access to niche markets
( ) Receiving a payment or subsidy to help do that
( ) Compensation for the costs to prepare the land for agriculture
( ) Technical assistance with preparing the land for agriculture
( ) Access to long term loans (e.g. 10 years) to invest in land
( ) Obtain and/or maintain access to international market (e.g. market pressure)
( ) Reputational risk from clearing forests, savannahs, or grasslands.
( ) Price of already cleared land/rent is lower than land with native vegetation.
( ) When the risks (to production) on already cleared lands are minimized
( ) Other
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11. Are you aware of programs that stimulate expansion of agriculture over already cleared areas or
degraded lands instead of clearing new lands? ( ) Yes, ( ) No.
If yes, which one(s)? _________
12. Is irrigation used a lot in this region? ( ) Yes, ( ) No.
13. Have you noticed a change in the date of planting and harvesting in recent years? ( ) Yes, ( ) No
How long? (days) _____________
Module 5: Influence of climate on production and adaptation
14. Have you noticed changes in rainfall in the region? ( ) No ( ) Yes, what changes and since when?
__________________________________________________________________________________
__________________________________________________________________________________
15. Have you noticed changes in temperature in this region? ( ) No, ( ) Yes, what changes and since
when?
__________________________________________________________________________________
__________________________________________________________________________________
16. If the answer was yes to the two previous questions, answer this question:
In your opinion, what factors have affected the climate?
___________________________________________________________________________
17. Do you take action to reduce the effects of too much or too little rainfall or high temperatures on
your production? ( ) No, ( ) Yes
What measures: _____________________________________________
(If the respondent does not mention anything spontaneously, cite examples: change of date of planting,
interruption of planting, alteration of planted area, etc.)
18. Age ( ) < 25, ( ) 25 – 35, ( ) 35 – 45, ( ) 45 – 55, ( ) 55 – 65, ( ) > 65
19 Gender: male/female/other

If the interviewee wants to leave its contact for the results of the research
Name: _________________________
Telephone: _______________________ E-mail:
_________________________
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Appendix 3 Geographic map of the study area including municipal
boundaries, roads and waterways

Created by Paul Lefebvre, Woods Hole Research Center
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Appendix 4 Overview of codes
Economic
Number
key actor

Quote

Number
producer

Quote

6. What benefits does native vegetation provide to farms?
Value land

Ecosystem
services

S6-A

S11-N

The value of the land
increases

Ecosystem services in
general

P7-L

Protect water and
recharge areas. Prevent
erosion. Because of
payment for ecosystem
services projects, that
could bring economical
and environmental
benefits. Extractivism as
well, But it needs to be in
small scale to avoid
overexploitation. Breaks
the wind.

7 a. What do you think motivates farmers to expand agriculture?

Business
opportunity/more
S12-N
profitable

S9-P

Depends on where the
person comes from.
People from the south
aim profits in a
unsustainable way.
Smallholders will to
increase the herds.
Agrobusiness contributes
with less than 15% to the
state tax: Taxes on
circulation of goods and
services.
The conditions are good,
they have money to
invest, the rentability is
high.
For the outsiders:
because the land was
cheap and people from
the south had the willing
to expand.

To gain scale

S10-P

For people from here: to
expand their property."
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Cheap land

To reduce
costs/it is costly
not to expand

S13-C

Natural desire to grow.
Scalability. To dilute the
costs (initial cost for
agriculture are very high,
in order to pay off debt
and make profit, farmers
need to expand).To gain
power to bargain.

S10-P

Double

S5-A

They pay taxes for the
native vegetation (need
to pay tax per hectare, no
matter what land use, NV
thus costs money). 'Ter
uma area fechadane
comonter umnterreno e
pagar aluguel.If you have
NV in your farm,it is
same as if you own a
piece of land to live on,
but you cannot live on it.
You would rather rent a
house to live. It doesnt
make much sense to not
use the land.'
They need to loan money
to buy more land and
need to deforest to pay
back their debts."

S13-C
Double
7 b. What factors do you think farmers take into account when deciding where
to expand?

Price

S2-G

Price of the land.
Similarity to the area they
already use. Proximity to
their already consolidated
P23-L
farms

S5-A

The price of the land

Price of land and price of
soybean. Risk of rain,
new opportunity.
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S10-P

He mentioned the
expansion in Tocantins to
give an example of what
the producers take into
account when deciding
where to expand: a lot of
land is for sale here, but
people dont wanna buy it
because it is too
expensive. Twice as
expensive then in
Tocantins. But where
they dont go massively to
Tocantins? Because
there the lands are
heterogeneous in terms
of soil.

Rentability

P17-L

Profits

P22-L
Rentability
7 c. What tools or information do you think farmers use to decide where to
expand?
Market trends

Price of land

S11-N

S14-B

The market trends

Soil and land cost

P3-S

Market and soils studies,
common sense

P17-L

Proximity to their already
owned properties, price
of the land, and if it has
any available land to be
bought

8. What are people’s main reasons to expand agriculture over already cleared
areas?

Price

S1-G

It doesnt matter what
land use the agriculture is
expanding over. The
factors evaluated to
decide to expand always
is gonna be climate and
P4-S
price.

P13-L

Crops have a higher
rentability than pasture.

P19-L

Easier and cheaper

P23-L

Depends on prospects
for 10 years, depends on
price. Other [expansion
over NV] needs more
time and patience

Opportunity cost
S2-G
S10-P

'Cost of the land, if it is
cheaper

They only care about Soil
and price
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Economic return

P3-S

Its all about the
calculations they make

P11-L

It is more expensive (the
land), it pays off faster
than native vegetation
areas

P16-L

Its all about economy.
They calculate the costs
and benefits.

P18-L

Depend on how long it is
cleared. The risk is lower
in the first years. Avoid
bureaucracy

Opportunity cost S2-G
"Opportunity cost
P1-S
Opportunity cost
9. What are people’s main reasons to expand agriculture over forests,
savannah or native grassland (i.e. native vegetation)?

Price

S1-G

It doesnt matter what
land use the agriculture is
expanding over. The
factors evaluated to
decide to expand always
is gonna be climate and
P2-S
price.

Cheaper. But if they have
the money to buy both,
they would go for the
open one

Land cost

S2-G

The land costed one
coke 40 years ago, or a
pack of cigarettes.

P3-S

They do the calculations
to find out if it is worth or
not.

S4-G

Price is lower

P4-S

They only care about soil
and price

S10-P

Cost of the land, if it is
cheaper

P5-M

Less expensive

P6-M

Because it is cheaper

P7-L

Cheaper land. Slope.
Depends on what you're
going to do. Pasture
would go over native.
Logistics.

P9-L

Cost of the land. Open it
slowly, in stages

P11-L

If the price difference
would give me enough
money

P12-L

Prices

P14-L

Cheaper or close to their
property

P16-L

Opportunity and cost
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P17-L

Native is cheaper than
cleared

P18-L

Lower costs. It can buy
more landd

P19-L

Opportunity, price of the
land, soil, climate

P22-L

Costs, only costs

P23-L

The rentability.

P24-L

Because the land is
cheaper and has the
potential of value
addition.

P25-L

It is legal and cheaper

Producers only
25. If expansion occured over native vegetation: What were your main
reasons to expand agriculture over native vegetation?
Price

P17-L

Price

P20-L

To make more money

P23-L

Cost of the land

P25-L

It is legal. And it is
cheaper to expand in
own area.

Fieldnotes

S10-P

The main income of rural
people is the land.
People sell land here and
buy twice the amount
elsewhere. In Tocantins
for example, the ground
is cheaper there. The
ground in west Bahia is
expensive. Because of
soy and cotton
production the price of
land increases a lot, so
much that it almost
becomes too expansive
to expand.
People are not buying
land in the east where
there is low productivity
and where they first need
to clear the area.
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Loans

S14-B

There are infinite ways to
give producers loans,
many other parties and
banks provide loans”.
Bungee and Cargill
started their own nonsubsidized credit lines.

Tax NV

P10-L

People don’t need to pay
tax for LR’s or APPs, but
they do need to pay tax
for areas with native
vegetation that can
legally be deforested. à ‘If
it can be deforested, you
need to pay, if it cannot
be deforested, you don’t
need to pay’.

P15-L

When they think of
profitability they think of
expansion.

Environmental
circumstances
Number
Number
Quote
key actor
producer Quote
7 a. What do you think motivates farmers to expand agriculture? (if more than
1, please name all reasons)

Climate

S1-G

Because of the climate.
And the opportunity to
grow another crops:
Banana, cocoa, soybean. P4-S
Low cost at the beginning
(years ago when people
first arrived), topography,
climate, technology and
mechanisation. Mix
rainfed and irrigated.

S2-G

Also business oportunity

P5-M

It is an oasis to produce
food here. Very good
climate and logistics
conditions.

It is an oasis to produce
food here. Very good
climate and logistics
conditions.
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Its the only thing they
know how to do
Intrinseco do ser
humano: it is intrinsic to
human beings.

S8-A

Environmental
circumstances

Slope, climate - hot and
dry, here have most
beneficial circumstances
for agriculture.

P6-M

Climate, slope and
logistics

P8-L

Climate and soil

P13-L

For family: to leave
enough land to divide
amongst children. There
are good conditions for
expansion here (climate)

S8-A

Double

P5-M

Flat lands and cheap.
Easy to gain scalability.
Cheap to deforest
savannah, close to lime
sources, climate.

S9-P

The conditions are good,
they have money to
invest, the rentability is
high.

P6-M

Double

P8-L

Double

P13-L

Double

Also business oportunity" P5-M

Double

"Low cost at the
beginning (years ago
when people first
arrived), topography,
climate, technology and
mechanisation. Mix
rainfed and irrigated.
Geography

S2-G
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"Rivers for irrigation,
where there is no river,
the big farmers expanded
because they have
technology to do so.

S7-A

Talking about Guanambi
and their projects to help
smallholders. Irrigation by
water dropping. Self
comsuption pumpkin,
P6-M
watermelon, beans."

S8-A

Double

High productivity

P4-S

Double

Double

Good results in
P22-L
productivity and prices
7 b. What factors do you think farmers take into account when deciding where
to expand?

Suitability

S11-N

Aptidao
(aptitude/suitability?)
logistics

Water

Topography

Logistics

S11-N

Double

P2-S

Best areas were already
taken. Technology now
going to less suitable
places. They go after
water. Especially wells.
He mentioned that those
wells have a tracker to
register the amount of
water taken. But no one
check if the producers
are using the amount of
water they should have
be using according to
permit.

P2-S

Double

P6-M

Topography and rain

P23-L

Price of land and price of
soybean. Risk of rain,
new opportunity.

P6-M

Double

P9-L

P10-L

They dont care about
logistics, because they
will create logistics.
Stay closer to big
producers or companies
brings benefits in terms
of logistics and
investments
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7 c. What tools or information do you think farmers use to decide where to
expand?
Climate

S1-G

INPE meteorological
stations

P6-M

Clima tempo app, "aquit"
app (accuweather)

S2-G

Climate data. Visiting in
different times of the
year. Boi de piranha
(watching the sucess of
another (the pioneers)
before taking the risk)
Amapa, Roraima,
Tocantins, Maranhao.
People from here [west
Bahia] moving to these
states to grow soybean.
Soybean is a coin (buy
and sell land in terms of
bags of soybean). The
other commodities are
not. Soybean is the
reason for the
expansion."

P9-L

Soil and rain

S6-A

Common sense, history
of the areas, another
producers notes on
productivity and climate
conditions

P11-L

Climate and ground
water information

P14-L

Climate information,
where it is cheaper to
irrigate, for those who
irrigate

S10-P

S12-N

Climate

Rain, slope. It's all about
money. They go after the
P19-L
most profitable lands.

Visiting the place, they
prefer lands closer to the
saw (mountains) (border
with Tocantins, because
it rains more there)

P20-L

INMET (Brazilian
metorological institute),
brazilian map of isoetes,
visit the place

P25-L

Visiting the place, they
prefer lands closer to the
saw (mountains) (border
with Tocantins, because
it rains more there)
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Soil

S5-A

Their common sense,
who is not from here asks
the neighbours. Own
knowledge. Soil analysis.
Development of
machinery, correct
fertilization, tillage.
Before, a dry spell
(period without rain within
the rain season) used to
kill production but now
technologies have
improved production.
There is more
intensification than
P3-S
expansion

Market and soils studies,
common sense

S14-B

Soil and land cost

P9-L

Double

P25-L

Double

P11-L

Double

P14-L

Double

P23-L

Roads, water deployment
from aquifers or rivers

P19-L

Double

Water
availability

Geography

Energy
availability

Slope

Soil

S12-N

Double

Coelba to ask about
energy, associations like
aiba and abapa. Because
the associations invest in
technology and science
and are connected to
S9-P
many other institutions.
d. What kind of vegetation or land use does expansion usually replace? (If
more answers, rank them)

P15-L

Its indifferent. It depends
on the slope and the
climate

P17-L

We focus more on the
slope of the terrain to
stablish the pivots for
irrigation

Depends on the soil but
most of the time over
native. Soil matters more
S8-A
than land use
8. What are people’s main reasons to expand agriculture over already cleared
areas?
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Soil

Climate

S4-G

"Easier, soil profile still to
build
"

S8-A

Question 8+9: he wouldnt
buy native vegetation if
he had choice. Just if he
wants to buy big chunks
of land in a new area and
deforest it slowly.
Deforest takes time and
effort to build the soil
P9-L
profile.

Climate, logistics, soil

S11-N

But the soil here is latasol
that will have a huge
amount of rocks in newly
opened areas. It takes
time to condition the soil,
put lime, nutrients, reach
the equilibrium, roots,
seedlings. Initial
production in newly
opened areas is low. The
market demands good
practices, but this is a
forbidden subject in
P15-L
'aiba'.

Edaphoclimatic
(soil+climate) conditions,
its faster

S1-G

It doesnt matter what
land use the agriculture is
expanding over. The
factors evaluated to
decide to expand always
is gonna be climate and
P9-L
price.

Double

P4-S

P15-L

Operational
ability

They only care about Soil
and price

Double

They will grow
everywhere if they have
the operational ability.
S6-A

S13-C

It's all about technology.
If the producer has the
technology and
machinery to deforest,
they would go to closed
areas. If they dont, they
would rather go to
already cleared area.
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Producers only
25. If expansion occured over native vegetation: What were your main
reasons to expand agriculture over native vegetation?

Good
circumstances
for production

P13-L

The land had a high clay
content (good for
production). And the
other cleared area was
already plantes. He is
also afraid of the
changes in environmental
law.

P22-L

If producer has good
results in productivity and
price they will expand

P4-S

Exchange rates change
all the time, this is a big
problem too, because the
costs for input and
production remain high.

Fieldnotes

S13-C

Everything is ‘logica
ecónomica’, not
sustainability. Are the
perks of the free market.

Law and
legality
Number
Number
Quote
key actor
producer Quote
4. Do most farms have native forest, savannah or grassland on their
property?

Law compliance

S5-A

"Yes, majority of soy
bean have it. Even if they
dont have it, they bought
it somewhere else.
Everyone complies with
the law (else they cannot
sell their production or
get loans)"

5. Why do you think farmers maintain native vegetation on their farm?
Law compliance

S1-G

They just deforest what
they are allowed to

S14-B

Plano Safra is subsidized
and to get it you need to
follow the laws
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Barriers - legal

P7-L

Because it is
regularizating the land
still (dividing the land and
obtaining permit to clear
the land and start
planting)

P13-L

Waiting for licence
(producer awaits license
to clear 400 ha more)

His area has an embargo
determined by IBAMA
(federal) although he has
a license to deforest
given by INEMA (state).
So he is waiting for the
justice decision to clear
P16-L
the land.
7 a. What do you think motivates farmers to expand agriculture? (if more than
1, please name all reasons)

Easy permit

Avoid
bureaucracy

License

Comment to 'easy
permit': it just needs the
money to get all the
S11-N
paperwork done.
8. What are people’s main reasons to expand agriculture over already cleared
areas?
P2-S

To avoid bureocracy and
the time that it takes.

P10-L

Avoid bureaucracy

P14-L

To avoid bureaucracy,
easier to grow

P18-L

Depend on how long it is
cleared. The risk is lower
in the first years. Avoid
bureaucracy

To avoid the process to
Hard to get a license in
get the license, time
terms of costs and
needed to start to have
S12-N
P22-L
paperwork.
profits
9. What are people’s main reasons to expand agriculture over forests,
savannah or native grassland (i.e. native vegetation)?
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Policies

S12-N

Legal

They expand before
intensify. He sees chunck
of lands deforested in the
80s abandoned,
regenerating, but still are
not cerrado pristine.
The context now is
favouring the clearing of
MATOPIBA. High
concentration of public
lands and low population
density and a federal
policy instigating people
P13-L
to come here.
P25-L

They are afraid of not
having the right to
expand over native
vegetation in the near
future. That because the
environmental law keeps
changing.
It is legal and cheaper

Producers only
25. If expansion occured over native vegetation: What were your main
reasons to expand agriculture over native vegetation?

Legal

Law changes

P15-L

The land was bought in
1980. The entire farm
was deforested back in
the 80s, when no one
had to ask for permits.
That's why he said that it
is easy to get a permit.
Back in the days it was
their only property but
now they have 4 different
nucleus of farms (a
bunch of properties they
keep buying and joining
to those they already
own). He said they would
open new areas to the
limit determined by the
Forest Code.

P25-L

It is legal. And it is
cheaper to expand in
own area.

P13-L

The land had a high clay
content (good for
production). And the
other cleared area was
already plantes. He is
also afraid of the
changes in environmental
law.

Fieldnotes
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Law
enforcement

Law compliance

S7-A

Enforcement of the law is
lower here than in other
states (with regard to
deforestation).

S3-G

7b: they don’t care about
the costs or compliance
with the law.

Role
government

P12-L

50% of land in WB could
be explored while
complying with the law.

P7-L

It is very bureaucratic
and hard to get a license
so it is better to expand
to open areas.
You hardly see people
clearing without a
licence. Those people
that don’t comply with the
law are badmouthed.

P22-L

Took him 7 years to get
the license. If you follow
the law it takes that long.
But people often pay to
speed up the process.

P10-L

The government is not
interested in
conservation, they are
only interested in
production. The political
facts reinforce this.

Logistics and
infrastructure
Number
Number
Quote
key actor
producer Quote
7 a. What do you think motivates farmers to expand agriculture? (if more than
1, please name all reasons)

Logistics

P4-S

It is an oasis to produce
food here. Very good
climate and logistics
conditions.

Climate, slope and
P6-M
logistics
7 b. What factors do you think farmers take into account when deciding where
to expand?

Logistics

S11-N

Aptidao
(aptitude/suitability?)
logistics

P9-L

They dont care about
logistics, because they
will create logistics.
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Stay closer to big
producers or companies
brings benefits in terms
of logistics and
P10-L
investments
Part 3.7 9. What are people’s main reasons to expand agriculture over
forests, savannah or native grassland (i.e. native vegetation)?

Logistics

P7-L

Cheaper land. Slope.
Depends on what you're
going to do. Pasture
would go over native.
Logistics.

P8-L

Logistics

Fieldnotes

Infrastructure

P6-M

Talked about the train
track being built from port
in Salvador all the way to
south-west Bahia. Will be
done in 2-3 years. This
will reduce the
P5-M
transportation costs.

P12-L

Logistics

S8-A

Talked about the train
track to Ilhéus. This will
reduce the cost of
production.
Infrastructure for energy
is limiting factor for
expansion in general and
for expansion of irrigation
and industries. Energy is
a problem in this area.

In the middle part of our
study area there is a lot
of water. Many people
transform their farms to
fruit farms, such as
banana farms and also to
produce biomass.
Logistically, it is smart to
switch to fruit production
in this area.
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The region of west Bahia
has a problem with
energy. The main
problem is its irregularity.
The generation, the
transmission and the
distribution are irregular.
COELBA works on the
distribution of energy.
Most energy comes from
Belomonte, but there are
no transmission lines to
west Bahia.
In the past, 80% of the
energy was used, right
now this is 100%.
Brazil does not have a
balance between energy
sources and is very
dependent on hydro
plants such as
Belomonte.

Infrastructure

S9-P

In west Bahia the
demand for energy is
very high.
In general, there is no
problem to provide the
right infrastructure, but
the infrastructure is only
not allowed to go through
APPs and need to go
around it

Logistics

Infrastructure

P4-S

S12-N

Energy is very expensive,
is a big problem in
agriculture.

All the improvements in
this area are for grain
production, such as the
building of the train track
from Barreiras to El
Salvador.
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Energy and infrastructure
Energy is a federal
problem (same thing as
COELBA guy said). The
transmission lines were
supposed to be here, but
the Spanish organisation
that was supposed to do
this got bankrupted. They
don’t have the energy
Transmission lines need
to come from Pará to
here. Last president
signed a bill to remove
subsidies for energy to
irrigation in agriculture
three days before leaving
office. That is why people
are so angry about
energy.

Infrastructure
and energy

S4-G

Infrastructure
Logistics: east-west train
track was supposed to be
ready now. In the past
they had the money and
the projects to do it. But
because of the caves and
environmentalists the
train track is not here yet.
Energy
There is no infrastructure.
It is very important for
farmers. There is not
enough energy for
example.
Our problems are about
access to water and
energy.

Infrastructure

P16-L

Energy is the limiting
factor in west Bahia.
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Infrastructure
and energy

P23-L

From September –
November we face a lack
of energy because it is
the end of the dry season
and there is thus no rain
and less power from the
hydroplant.
They are currently
creating a line from the
hydroplant to solar
panels. To do that, they
need to connect the
system to the national
grid. But that means that
during the 3 months of
shortage they would not
have the energy,
because other people
would use their energy
and the energy shortage
is not solved.

Number
producer

Quote

Producers’
natural desire

Code

Number
key actor

Quote

7 a. What do you think motivates farmers to expand agriculture? (if
more than 1, please name all reasons)

Natural desire

S8-A

"Its the only thing they
know how to do
Intrinseco do ser
humano: it is intrinsic to
human beings.
Slope, climate - hot and
dry, here have most
beneficial circumstances
for agriculture."

S13-C

Natural desire to grow.
Scalability. To dilute the
costs (initial cost for
agriculture are very high,
in order to pay off debt
and make profit, farmers
need to expand).To gain
power to bargain.
P3-S

Producers are addicted
to produce
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Expansion
mindset

Expansion
willingness

S10-P

P7-L

Passion for the
agrobusiness. Without
the people from the
south, Barreiras would
never be what it is today.
40 years ago Barreiras
had one car and LEM
was a gas station.
Natives here even
nowadays are rudimentar
smallholders. People
from the south brought
the knowledge, new
cultivars, and technology

P9-L

Happiness to produce
foods and goods. They
like what they do.

P10-L

To produce more food

P11-L

The spirit of expansion,
self satisfaction

P19-L

The challenge of
producing more and
make more money

For the outsiders:
because the land was
cheap and people from
the south had the willing
to expand.
For people from here: to
expand their property. To
produce more food

Challenge
Fieldnotes

Expansion
mindset

S10-P

The main problem is
Europeans, because they
were the brave people
going to new places and
colonising. So they have
this spirit.
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Prestige large
area

Culture

Family/culture

S2-G

‘These people are
pioneers, they don’t have
the same attachment to
the land as we do. They
just want to open a lot of
land, make a lot of
money and lay on the
beach’. Those people
have a different mind-set,
a different way of
thinking. We [producers]
are the explorers, we are
different from them.

S2-G

The first question people
ask when they meet
someone is not ‘how is
your mother doing’, but
‘how big is your land and
how much planted area
do you have? People
don’t ask about
productivity’.
This is culturally
determined: more
(planted) land is better.

Number
Number
Quote
key actor
producer Quote
7 a. What do you think motivates farmers to expand agriculture? (if more than
1, please name all reasons)
For family: to leave
enough land to divide
amongst children. There
are good conditions for
P13-L
expansion here (climate)
8. What are people’s main reasons to expand agriculture over already cleared
areas?

Family/culture

P25-L

When a family sells land
and the land does not
have a successor, the
children of owners don't
stay in business. Some
are broke and don't have
possibility to grow. This is
an opportunity for others.

Fieldnotes
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Family/culture

Culture

Culture
neighbours

Mindset
producers

S23-G

S2-G

People expand to
increase the total planted
area for the future to
have enough to divide
amongst kids of farmers.

P20-L

People expand for the
future of their family, to
make sure that all
children have enough
land when it is divided
amongst them.

P3-S

Opportunity: people
cannot go after their
neighbours to ask to buy
their property (is
considered rude), so
whenever there is the
opportunity to buy, they
will take it.

P4-S

It is considered rude to
ask your neighbors if they
want to sell their land. So
people often do not think:
I want to expand my land,
where shall I go. It is
more about opportunities.
If they know that
someone is selling their
land, they will take the
opportunity if they have
the means to do so.

P15-L

We usually think about
day-to-day stuff instead
of long term.

The first question people
ask when they meet
someone is not ‘how is
your mother doing’, but
‘how big is your land and
how much planted area
do you have? People
don’t ask about
productivity’.
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Appendix 5 Overview of programs that incentivize expansion over cleared
areas
Types of programs that respondents mention
Type of program
Governmental policy

Amount of respondents Explanation program
11

Reference

Low Carbon Agriculture
Plan’ (ABC plan)

Governmental initiative for
farmers that want to
incorporate sustainable
practices with low-interest
8 loans

Integracao Lavoura
Pecuaria (ILP program)

Program from EMBRAPA that
stimulates the integration of
livestock, agriculture to
improve efficiency and
reduce impact on the
environment. EMBRAPA, or
Empresa Brasileira de
Pesquisa Agropecuária, is
the Brazilian Agricultural
Research Corporation and is
linked to the Brazilian Ministry (Embrapa,
2 of Agriculture.
2020a)

Balde Cheio

Another program from
EMBRAPA, which provides
technical assistance to
producers and evaluates the
environmental, economic and
social impact of the
technologies on the
production system after
(Embrapa,
1 adoption of the technologies 2020b).

ICMBio

Governmental program which
provides incentives to buy
and sell carbon credits.
ICMBio, or ‘Instituto Chico
Mendes de Conservação da
Biodiversidade’, is the
Brazilian insitutute for the
conservation of biodiversity
and is part of the Ministry of
2 Environment

Plano Safra

credit lines to recover the soil
as part of ‘Plano Safra’.
Plano Safra guides the
allocation of resources and
enables financing of
agricultural activities
(Agencia
1 throughout Brazil
Brasil, 2019)

(Climate
Smart
Agriculture,
2020)

(Ministério
do Meio
Ambiente,
2020
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Banks
Rabobank

5
3 Not specified which program

Banco do Nordeste
NGO's and trader

Provides incentives for
producers who are part of a
training that explains more
about programs such as the
2 ABC and the ILP program.
4

Solidaridad

Program to stimulate
expansion over cleared areas
rather than using areas with
1 NV for expansion

Alianca da Terra

Program to stimulate
expansion over cleared areas
rather than using areas with
1 NV for expansion

Soja Plus

Program to stimulate
expansion over cleared areas
rather than using areas with
NV for expansion. Soja plus
is a program set up by
Brazilian traders (Aprosoja
and ABIOVE) in collaboration
1 with EU soy chain partners.

ADM Brazil

Program to stimulate
expansion over cleared areas
rather than using areas with
1 NV for expansion

TNC + trader
Certification schemes
Round Table on
Responsible Soy (RTRS)

Program to stimulate
expansion over cleared areas
rather than using areas with
1 NV for expansion
3

3 Certification scheme
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Appendix 6 Supplementary material: Environmental policies
Environmental policies
In this section the main policies with regard to the environmental protection are discussed and
elaborated upon. These include Conservation Units and the Forest Code.

Conservation Units
Brazil’s Sistema Nacional de Unidades Conservação, or National System of Conservation Units
(SNUC), is a system that includes all conservation units in Brazil, from the municipality to the state
and national level (MMA, 2019).
Conservation units (CU’s) are divided into 12 groups and can be classified into two larger groups:
Sustainable Use Units (SUU) and Integral Protection Units (IPU). In addition to conserve
biodiversity and ecosystems, SUU’s are meant to generate employment, income and development,
as long as this is done in a sustainable manner (Ibid). In the IPU’s it is generally not allowed to use
natural resources, but some areas can be used for research, recreation or tourism. CU’s are
monitored and managed by environmental agencies on the national, state and municipal level.
The total area of the Cerrado that is conserved under CU’s is 8.3%, of which 3,9% are federal CU’s
and 4,4% are state CU’s. Most of this is sustainable use (5,2%) and the rest is fully protected
(3,1%). This is far below the target of 10% as stated in the National Biological Diversity Policy in
Decree 4,399/2002, to be reached by 2010 (Ganem et al., 2013).

Forest Code
The Forest Code (FC) is regarded as one of the most important pieces of legislation that is meant
to combat climate change and increase efficiency of land use (Soares-Filho et al., 2014; Chiavari
and Lopes, 2015). The FC describes rules with regard to the use and conservation of privatelyowned land in the Amazon and Cerrado biome in Brazil. These guidelines consist of two legally
binding instruments for conservation on private land, the Forest Legal Reserves (FLR) and the
Permanent Preservation Areas (APP).
These guidelines are monitored and controlled through the usage of the Rural Environmental
Registry (in Portuguese: Cadastro Ambiental Rural, CAR). CAR is a nation-wide online registry
within which people can describe the boundaries of their property, including the amount of native
vegetation, farmland, APP’s, FLR’s and the amount of areas that are regarded as critical to the
environment, such as watersheds (Sambuichi et al., 2014). As the CAR includes all of the
property’s environmental information, people refer to it as the ID card of the rural property. This
registration makes it easier to monitor land cover of properties and improves opportunities to
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strategize more effective protection of native vegetation, such as creating natural corridors
amongst properties. Furthermore, CAR can be used as a tool to determine whether properties
comply with the forest code (Garcia et al., 2013). Registration in the CAR is needed to exercise
rights in the FC, such as getting access to (public) rural credits and to obtain authorization to clear
natural vegetation9. Because of this, the success rate of the CAR was very high, and many private
properties are now registered under the CAR. However, as the CAR is self-registered, many
properties within the CAR registry are larger than the actual properties and a lot of overlap
between properties exists. The government is cleaning up this data in collaboration with
producers and is assisted by several NGOs, such as WWF, TNC and IPAM.

Permanent Preservation Areas (APP)
APPs are areas that are regarded as critical to maintain important ecosystem functions, such as
soil stability, a steady and clean water supply and regulating local weather cycles (Chiavari and
Lopes, 2015). APPs often include watersheds such as lakes and riverbanks, but also steep slopes
and hilltops. As can be seen from figure 1 below, the APP requirements differ per size of the
property and depend on whether the property is subject to the special regime10. Some properties
are not required to have APPs. While the standard regime prioritizes the protection of ecosystem
functions, the special regime prioritizes (small) landholders.

9 Landowners always need to obtain authorization before they clear any native vegetation, even if it is within the legal
amount as described in the Forest Code.
10 The special regime is created for producers that deforested illegally before 2008. When the FC started to be
enforced more strictly in the 1990s farmers had already deforested more than they were allowed to and were thus
unable to comply with the FC (Sauer and França, 2012). As a result, the FC needed to be revised and after years of
discussions and concessions from environmentalists and producers, the new FC came into force as per 2012. The new
FC offered immunity to prosecution, and amnesty from environmental fines, to landowners that had illegally
deforested prior to July 2008 for the purpose of cattle ranching or agriculture (Chiavari and Lopes, 2015). In addition,
these producers need to preserve less APP than producers in the normal regime.
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Figure 1. Permanent Preservation Areas requirements based on property size, regime and type.
Note. Adopted from Chiavari and Lopes (2015).

Forest Legal Reserves
Every rural property needs to have a Forest Legal Reserve (FLR), a percentage of the property
that needs to be set aside for conservation. In the Amazon 80% of each property needs to have
natural vegetation but in the Cerrado this is only 20%. In the area where the Amazon turns in to
the Cerrado, the so-called Cerrado within the Legal Amazon, 35% of each property needs to
comprise of natural vegetation (Noojipady et al., 2017; Chiavari and Lopes, 2015). The FLR of 20%
is an addition to APPs on people’s property. Farmers that had already cleared more than they
were allowed before 2008 can buy land outside of their farmland to comply with the FLR
requirement (Brannstrom et al., 2008).
Within the FLR sustainable forest management such as agroforestry is allowed (Sparovek et al.,
2010). States are allowed to set higher FLR standards, Piauí for example has a FLR of 30%. West
Bahía sticks to the FLR of 20%, as required by national law.
In 2012 hill-top areas were removed from the permanent protected areas under the FC legislation,
which opened up many large areas in the Matopiba region that could legally be cleared (SoaresFilho et al 2014, Hunke et al 2015).
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