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SUMMARY IN SWEDISH  

Det finns en växande medvetenhet om att människan förbrukar jordens 
resurser i snabbare takt än jordens återhämtningsförmåga kan hantera, och att 
ekosystemtjänster, som är livsnödvändiga för mänskligheten, snabbt försämras. 
Detta har drivit internationella organisationer att hitta lösningar för en mer 
hållbar utveckling. Brasilien har en mycket viktig roll i detta då det är det land 
som har störst yta av bevarad tropisk vegetation, inklusive Amazonas, som är 
den största tropiska regnskogen i världen, samt sin stora och unika biologiska 
mångfald. Brasilien är en stor exportör av mat, biomassa och bioenergi, och 
förväntas leverera dessa varor i takt med en växande global efterfrågan. 
Expansionen av skogsbruk och jordbruk sker snabbt i Brasilien, delvis på 
gammal betesmark, men även till stor del på mark med naturlig vegetation. 
Politiska regleringar som är ämnade att styra och begränsa denna expansion 
kommer att vara avgörande för att bevara de ekosystemtjänster som den 
naturliga vegetationen tillhandahåller. Syftet med denna avhandling är att öka 
förståelsen för hur rådande offentliga och privata regelverk inverkar på 
bevarandet av natur i Brasilien. Detta utförs genom att utveckla och anpassa 
rumsliga modeller för implementering av olika regleringar för markanvändning 
i Brasilien.  

I artikel 1 utvärderade vi effekterna av rådande privata och offentliga regelverk 
för skydd av ekosystemtjänsten kollagring ovan jord. Vi identifierade de 
viktigaste innehavarna av sådana kollager. Våra resultat visade att ungefär 28 % 
av kollagren ovan jord i Brasilien inte omfattas av något regelverk. 
Regleringsprocessen för oreglerad mark förväntas utöka skyddet med 18 % av 
kollager ovan jord, vilket lämnar 10 % av dessa lager oskyddade. I detta fall 
kommer andra marknadsbaserade regleringsinstrument vara nödvändiga. I 
artikel 2 gjorde vi en bedömning av kompensationsmekanismer för underskott 
av ursprunglig vegetation bland markägare enligt Brasiliansk lagstiftning, vilken 
kräver ett visst mått av bevarande av ursprunglig vegetation inom varje rural 
fastighet. Vi utvärderade olika tillvägagångssätt för implementering av 
kompensationslagstiftning och deras påverkan på naturskydd och 
socioekonomisk utveckling. Våra resultat visade att 
kompensationsmekanismerna har en mycket liten eller ingen ytterligare effekt 
på skyddet av ursprunglig vegetation och dess ekosystem i ett scenario där 
”business-as-usual” råder, eftersom den största delen av denna kompensation 
tenderar att ske i områden där ursprunglig vegetation redan är skyddad av 
rådande lagstiftning. Det är möjligt att genom kompensationsmekanismer 
maximera miljömässig och socioekonomisk avkastning utan att underminera 
utvecklingen av tillhandahållna ekosystemtjänster på produktiv mark. På detta 
sätt kan strategisk reglering och lagstiftning bidra till att utökat skydd av 
ursprunglig vegetation och relaterade ekosystemtjänster kan garanteras på 
nationell och regional nivå. 
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ABSTRACT 

Concerns related to global environmental changes due to land use changes 
have been driving international communities towards more sustainable land 
use systems. Brazil is a country of global strategic importance in this matter 
considering that it is the nation with the largest extension of preserved tropical 
native vegetation, recognised for its ecosystem services and high and unique 
biodiversity values. Expansion of forestry and agriculture is taking place rapidly 
in Brazil, partly over degraded pastureland, but to a large extent over native 
vegetation. Regulating policies to govern and limit this expansion is crucial to 
ensure the preservation of the ecosystems services provided by native 
vegetation.  This thesis aims at improving the understanding of the potential 
impacts of prevailing public and private policies in the conservation of nature 
in Brazil. For this purpose, the Land Use Policy Assessment (LUPA) model 
was developed to evaluate potential scenarios of implementation of the current 
land use policies in Brazil. This model is an update of the spatially explicit 
model presented in Sparovek et al. (2015). Paper 1 evaluated the effects of 
current private and public command and control regulations in the protection 
of above-ground carbon stocks, identifying the most relevant stakeholders 
holding carbon stocks. The findings suggest that about 10% of carbon stocks 
are unprotected, where other policy instruments based on the market will be 
mostly required. Paper 2 performed an assessment of the mechanism for 
offsetting the legal deficit of native vegetation among landholders, evaluating 
the different offsetting implementation practices and their impacts on nature 
protection and socio-economic development. The results indicate that the 
offsetting mechanism may have little or no additional effects on protection of 
native vegetation and its ecosystem services because most of the offsetting is 
likely to take place where native vegetation is already protected by current 
legislations. However, the results demonstrate that it is viable to maximise 
environmental and socio-economic returns from the offsetting mechanism. 

Keywords: Brazil; Land use policy, Forest protection, Ecosystem 
services; Biodiversity, Offsetting of legal reserves 

1. INTRODUCTION  

Land use such as agriculture and forestry is crucial for the 
production of goods that are vital for humans − food, fibre, and 
bioenergy (Foley et al., 2005; Nazareno and Laurance, 2015; Pielke, 
2005). Simultaneously, these interactions with land can be pointed 
out as one of the most relevant sources of direct and indirect 
human-induced global environmental changes, especially over the 
last centuries, when population growth and technological 
development have driven the conversion of much of the global 
native vegetation into agricultural land and forest plantations 
(Goldewijk, 2001; Klein Goldewijk et al., 2011). For this reason, 
land use and land cover changes have been gaining importance as a 
scientific field that is crucial for understanding large-scale shifts in 
the environment and sustainability of ecosystems (Turner et al., 
2007).  
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Land use conversion threatens the maintenance of essential 
ecosystems services supplied by native vegetation (Foley et al., 
2005) which has been traditionally not correctly recognised by 
policy and decision makers, such as, carbon storage, preservation 
of freshwater, water flow regulation, and soil conservation. 
Changes in the land use alter the environment in many ways at 
local and global scale, leading to severe consequences for the 
human population, while the forms and intensity are highly 
uncertain (Hooper et al., 2012; Turner et al., 2007).  
For instance, the Intergovernmental Panel on Climate Change 
(IPCC) calculations suggest that almost half of the carbon dioxide 
(CO2) accumulated in the atmosphere due to human activities are 
related to land use and land cover changes (IPCC, 2014). Even 
now, about a quarter of the total anthropogenic greenhouse gases 
(GHG) emissions can be attributed to agriculture, forestry and 
other land use (AFOLU) — deforestation and livestock 
production being accountable for the largest share of these 
emissions (IPCC, 2014). Climate change is in turn recognised as 
one of the primary drivers of environmental change (Cardinale et 
al., 2012; Foley et al., 2005; Turner et al., 2007), which can bring 
temperature rises, increased extreme weather events, 
desertification, and sea level rise. These changes may cause massive 
displacement of human population, reduction of food production 
and other various adverse effects that may threat humanity (IPCC, 
2014). 
Likewise, human-induced land use and land cover changes are the 
most important drivers of biodiversity losses in the past and likely 
to continue to be in the future (Goldewijk, 2001; Pimm et al., 
1995). The expansion of agricultural land, mining, urban and road 
infrastructure result in the destruction, fragmentation, and 
degradation of natural habitats, reducing biodiversity. Various 
studies point out that biodiversity losses are taking place at 
alarming rates and the total number of species on earth is declining 
drastically (Barlow et al., 2016; Chapin Iii et al., 2000; Hooper et 
al., 2012; Koh et al., 2004; Pimm et al., 1995).  
These losses may have adverse impacts on the human population 
in various manners. For instance, there is a consensus that 
biodiversity is essential to sustain ecosystem resilience, production 
of biomass, decomposition, and nutrients recycle (Cardinale et al., 
2012). Future scenarios of biodiversity losses show significant 
reduction of primary plant production, affecting crops productivity 
at levels that are comparable with the effects of climate change 
(Hooper et al., 2012).  
To confront these challenges, the international community has 
made efforts to address climate change and biodiversity losses, 
building agreements, and strategies to combat these threats, where 
promotion of sustainable land use and land cover is a core 
component. The Paris Agreement (UN, 2015) defines that parties 
should take action to conserve and enhance carbon stocks, 
including the carbon stocks in the forest. This Agreement 
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encourages positive incentives to reduce deforestation and forest 
degradation. In the same manner, negotiations under the 
Convention on Biological Diversity targets to reduce habitat 
losses, fragmentation and degradation by reducing deforestation 
(UNEP, 2010). Life on land is the goal 15 of the United Nations 
Sustainable Development Goals, which mobilises nations to move 
forward their agendas for the promotion of sustainable use of 
terrestrial ecosystems. Therefore, methods need to be developed 
to examine existing land use policies and to design new such 
policies, in view of these goals.  
Brazil stands out as the nation with the largest extension of 
preserved tropical native vegetation, retaining about two-thirds of 
its territory covered with native vegetation. This vegetation is one 
of the most significant carbon storages on earth (Harris et al., 
2012; Nogueira et al., 2015; Zarin, 2012; Zarin et al., 2016), 
estimated to sustain about 52 Gt of carbon in the above-ground 
biomass. Moreover, it holds more than 10% of the existing 
biodiversity on earth, sheltering a broad range of endemic and 
endangered species (Lewinsohn, 2006).  
In the coming years, Brazil is expected to increase the output and 
productivity to attend to the growing national and international 
demand for food, fibre, and bioenergy. The Brazilian government 
projects an increase of about 30% in cereals production up to 2026 
by increasing productivity and expanding 7.4 Mha of agricultural 
land (MAPA, 2016). An additional agricultural expansion is 
expected to meet the projected production of timber, sugarcane, 
and other bioenergy products (MAPA, 2016). This expansion is 
accompanied by investments in logistic infrastructure, which is 
expected to promote development to new regions, boosting local 
economies and generating new jobs and business opportunities. 
Although this expansion may have positive socio-economic 
outcomes, it may also cause social conflicts and promote direct 
and indirect conversion of native vegetation, undermining critical 
ecosystem services and biodiversity in Brazil. The effectiveness of 
current command and control regulation in safeguarding 
ecosystem services and biodiversity is uncertain and require further 
investigation to advise policy and decision makers towards 
effective land use policies. 

1.1. Aim 
The aim of this licentiate thesis was to develop and adapt 
quantitative methods for evaluating the impacts of land use policy  
in the protection and development of ecosystem services 
associated with the Brazilian native vegetation. The thesis focused 
on developing the Land Use Policy Assessment (LUPA) Model, a 
geographically explicit model that enabled local and landscape level 
analyses of policy scenarios, adapted from the model presented in 
Sparovek et al. (2015). The LUPA model present two components: 
i) Construction of the Brazilian land tenure based on a logical 
compilation of existing datasets complemented by land tenure 
simulations; ii) modelled implementation of the current land use 
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policies. Under this core objective, two different case studies were 
elaborated. In the first paper, the objective was to employ the 
LUPA model to assess the effects of current private and public 
command and control regulations on the protection of above-
ground carbon (AGC) stocks. The second paper employed the 
LUPA model to evaluate the offsetting of legal reserve deficits and 
its potential effects on nature protection and socio-economic 
development. In this paper, it has been assessed the possible 
implications from the mechanism for offsetting legal reserve 
deficits among farmers concerning additionality to native 
vegetation protection. In addition, it has been investigated the 
feasibility of targeting criteria towards small-scale family farmers as 
primary suppliers of Rural Environmental Registry certificates. 

2. METHODOLOGY 

2.1. Study area 
Brazil comprises a territory of about 852 Mha, the fifth largest 
worldwide and the largest in the Latin America. Alone, Brazil 
represents about 50% of the area and population in South America 
(The World Bank, 2017). This is also the world’s leading producer 
and exporter of coffee, sugar, orange juice and soybean, and 
among the top producers of ethanol, timber, beef, chicken and 
corn (MAPA, 2016). Agriculture, including forest plantations, is 
one of the major sectors of the Brazilian economy, representing 
about a quarter of the gross domestic production. 
Brazilian native vegetation comprises an enormous diversity of 
vegetation types — including tropical rainforest, tropical dry 
forest, meadows, and savannas — divided in six biomes, the 
Amazon, Cerrado, Atlantic Forest, Caatinga, Pantanal and Pampas 
(Figure 1). The largest share of the Amazon rainforest is located 
within Brazil’s territory. The Amazon rainforest is also the largest 
Brazilian biome, occurring in 9 of the 27 Brazilian states and 
covering an area of approximately 420 million hectares. More than 
85% of this remains covered with native vegetation (IBGE, 2004). 
The vegetation is highly diverse, predominated by dense and open 
ombrophilous rainforest with a high occurrence of lianas and 
bromeliads. Estimations have suggested that 20% of the known 
species of plants worldwide occurs in the Amazon biome 
(Lewinsohn, 2006). Here is where most of the carbon stocks of 
Brazil are located (Englund et al., 2017; Nogueira et al., 2015). 
Also, here is situated the world’s largest freshwater reservoir and 
the most biodiverse aquatic ecosystems on earth (Lewinsohn, 
2006). About 25% of the world's species of fish are in the Amazon 
biome, and roughly 20% of those are endemic (Lewinsohn, 2006).  
The forest is home to thousands of indigenous communities living 
more or less in traditional ways, extracting their basic needs from 
the forest. 
The Cerrado biome is the second largest of Brazil, representing a 
territory of more than 200 Mha (IBGE, 2004). The vegetation is 
predominantly composed of seasonal tropical forest and savannas, 
remaining preserved in about 60% of this biome (IBGE, 2004). It 
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is considered to host the most diverse savannas worldwide, a 
hotspot that holds many endemic species of plants and animals 
(Ratter et al., 1997). Estimates suggest that roughly 50% of the 
species of tree and large shrubs only occur in the Brazilian 
Cerrado. Moreover, this biome host about 90,000 species of 
insects, 150 species of mammals and 550 species of birds, which in 
many cases are entirely endemic to this biome (Ratter et al., 1997). 
Located along the eastern Brazilian coast, the Atlantic Forest 
biome is where most of the human appropriation of land took 
place in Brazil, converting most of the original native vegetation 
(Colombo and Joly, 2010). Nowadays, less than 20% of the 
original native vegetation remains, and much of this in an 
advanced level of degradation (IBGE, 2004). The remaining native 
vegetation is highly fragmented in small patches, a factor that 
undermines the rich biodiversity (Banks-Leite et al., 2014b; 
Colombo and Joly, 2010). The vegetation is mainly composed of 
rain- and semi-deciduous forest, including a broad range of species 
that are endemic (Colombo and Joly, 2010; IBGE, 2004).   
Characterised by the arid climate and seasonally dry tropical forest, 
the Caatinga is a unique biome, which only occurs in Brazil 
(IBGE, 2004). Due to the semi-arid climate, agricultural 
production has not expanded intensively in this region, thus, much 
(more than 60%) of the native vegetation remains preserved. The 
biome host a unique, but largely unknown biodiversity (Santos et 
al., 2011). The region is densely populated, and the levels of 
poverty are the highest in Brazil (UNDP, 2010). 
Pantanal is considered the largest tropical wetland on earth. The 
predominant vegetation type is savannas, but there is an 
occurrence of semi-deciduous forest. Agricultural land is minimal 
in this biome, representing less than 10% of the total area and 
most of the natural vegetation remains preserved (IBGE, 2004). 
The seasonal flooding creates a significant seasonal variation of 
natural habitats and is a condition for the survival of several 
aquatic species. Further, the soils here are important for carbon 
storage, although studies point out that the wetland can be an 
important natural emitter of N2O (Liengaard et al., 2012). 
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Figure 1. Location of the six Brazilian biomes and the remaining native 
vegetation (greenish area within biome region), presented over the World 
Ocean Base map base layer (ESRI, 2010).  Geographic projection: SIRGAS 
2000. 

 

2.2. Data 
Various datasets from different data sources were employed in the 
spatial analysis produced during this licentiate thesis, including a) 
datasets of roads and railways at national, state and municipal 
administrative levels, obtained from the Vgeo database from the 
Brazilian Department of Transport Infrastructure (DNIT, 2016);  
b) datasets of biomes, vegetation typology, watercourses, water 
surfaces, urban areas and administrative divisions from the digital 
cartographic database provided by the Brazilian Institute of 
Geography and Statistics (IBGE, 2015); c) datasets of indigenous 
territory, downloaded from the Integrated geodatabase of the 
National Indigenous People Foundation (FUNAI, 2015); d) 
datasets of conservation units, obtained from the geodatabase of 
the Ministry of Environment (MMA, 2015); e) datasets of 
boundaries of private properties, rural settlements and traditional 
communities territories, obtained from the geodatabase of the 
National Institute of Colonization and Agrarian Reform (INCRA, 
2015); f) datasets of Rural Environmental Registries, which 
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included additional boundaries of private properties, obtained 
from the National System of Rural Environmental Registry (SFB, 
2015b); g) datasets of public forest downloaded from the National 
Registry of Public Forest (SFB, 2015a); h) Agricultural Census 
database (IBGE, 2006); i) dataset of land use compilation, 
presented by Sparovek et al. (2015) and j) the tabular database of 
rural private properties, grouped by state, available at the Rural 
Registry Platform from the Brazilian tax office (RFB, 2016). 

2.3. Literature review  
A literature review was conducted covering relevant scientific 
literature, policy documents and legislation. To understand the 
policy instruments governing the Brazilian land use, a review was 
carried out about the core pieces of the environmental legislation 
related to land use. In Paper I, the investigation focused on 
mechanisms of land use protection on private land, although 
regulations applied to public land were also scrutinised. 
Assessment studies related to the prevailing land use policy in 
Brazil was conducted, focusing primarily on existing quantitative 
studies about the impacts of the Brazilian Forest Act regarding 
nature protection. These studies set the starting point for the 
methods and analysis carried out in Paper I. In Paper II, an 
assessment was conducted of rules and regulations governing the 
offsetting mechanism of certificates associated with native 
vegetation.  The review included regulatory marks defined at the 
State level, the administrative level where the operationalization of 
the offsetting mechanism will take place. 

 

2.4. LUPA model component 1: Construction of a land tenure 
dataset for the Brazilian territory 

Brazil faces challenges related to land tenure. Much of the 
Brazilian territory is undesignated. Moreover, boundaries of 
private properties are unknown for most of this territory (Reydon 
et al., 2014).  This is a challenge that undermines land use 
governance and difficult accountability for illegal deforestation. 
Rules and regulations from the main land use policies in Brazil 
vary depending on the land tenure categories. Thus, to model the 
effects of current land use policies, it is crucial to know the 
geographical distribution of the Brazilian land tenure. The first 
step of this study was to construct a land tenure dataset for the 
Brazilian territory. 
The entire analysis was conducted employing Python scripting, 
using the ArcPy library from ESRI, in ArcGIS 10.3.1 (ESRI, 
2010), connected to the MySQL database. The data processing was 
carried out adopting a raster file format of 50 x 50 meters pixel 
size. To construct the land tenure dataset, the various large 
datasets were compiled employing an algorithm which identifies 
the pixel value in such way that the origin of the pixel is traceable 
in the final dataset. 
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The dataset of land tenure was produced by compiling existing 
databases related to land tenure from different sources. Data on 
public land was composed of layers on indigenous reserves 
(FUNAI, 2015), conservation units (MMA, 2015), and military 
land (MMA, 2015). On the other hand, the private land comprised 
various datasets of georeferenced boundaries of private properties 
(INCRA, 2015; SFB, 2015a, b), including the rural environmental 
registry database (SFB, 2015b), which has been released recently. 
Water courses, roads, railways and urban areas were removed from 
the processing area. The Amazon region has a large extension of 
undesignated land, usually covered with native vegetation. The 
territory within the remote areas in the Amazon biome that were 
not covered by the compiled datasets was assumed to be 
undesignated land. All datasets that were used in the study are 
listed in Appendix 1. 
Land tenure outside the Amazon biome was unknown for more 
than 20% of the Brazilian territory, which was assumed to be 
constituted by private properties that are not registered in any 
database used in this study. As an attempt to simulate the land 
tenure in this region, an algorithm was developed to divide the 
territory into private properties of a realistic size distribution. The 
algorithm combined the compiled georeferenced datasets with 
tabular data from the agricultural census (IBGE, 2006), which 
provides the number of rural private properties by size range at the 
municipal level. This assignment of private properties of unknown 
boundaries considered common borders of rural properties, i.e. 
water courses, roads and borders of other private properties’ 
borders. The algorithm for geographical allocation of rural 
properties was formulated as to place properties best fitting the 
distribution per size range within the municipality. Voronoi 
diagrams were employed to divide large polygons.   
To verify the consistency of the outputs of the land tenure dataset, 
the counting of rural properties, grouped by state, was compared 
with the tabular database of rural properties, managed by the 
Brazilian tax office (RFB, 2016). The aforementioned tabular 
database is available only for the state-level aggregation. For this 
reason, only the counting of rural private properties grouped by 
state was compared. 

2.5. LUPA model component 2: Modelling command and control 
regulations 

To model the implementation of the Brazilian Forest Act, the land 
tenure dataset was combined with land use databases derived from 
remote sensing data. The dataset of land tenure was reclassified 
into public land, private land, and undesignated land. Undesignated 
land is currently under a tenure regularisation process (Figure 2). 
In short, it is expected that these areas will be assigned either to 
public conservation or private use. This is a slow process since 
harsh disputes for land often occurs among indigenous people, 
farmers, and environmental NGO’s. As an attempt to anticipate 
the future of the undesignated land, the level of human 
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appropriation was assumed to be correlated with the likelihood of 
this land being assigned to private use. In practical terms, 
undesignated polygons where native vegetation represented less 
than 95% of the territory were assumed to be private properties 
under titling process. On the other hand, polygons of more than 
95% coverage of native vegetation were reclassified as public 
conservation land. The tenure regularisation process of 
undesignated land is very uncertain, and the threshold of 95% can 
be seen as a rather arbitrary parameter adopted in our model. 
Therefore, for sensitivity analysis purpose, the effect of ranging 
this value from 90% to 99% in the results was tested. 
Reviewing the Brazilian Forest Act, two major mechanisms of land 
use protection were identified, legal reserves and permanently 
protected areas. Each rural private property is obligated to set 
aside from 20% to 80% of the property for nature conservation 
(covered with native vegetation), depending on the region the 
property is located in.  
The revision made in 2012 in the Forest Act (Brazil, 2012), 
introduced several mechanisms to reduce the need for restoration 
of legal reserves, with the purpose of facilitating compliance. It has 
been modelled the three most relevant reduction mechanisms, 
which were expected to be used by landholders to amnesty their 
need for legal reserve restoration. The first mechanism enabled 
reduction from 80% to 50% for properties within the 
administrative region known as legal Amazon. The second 
mechanism allowed landholders to compute riparian areas as legal 
reserves. The third mechanism waived smallholder farmers from 
any need of legal reserve restoration. All these mechanisms can 
only be used as long as it does not result in a further conversion of 
native vegetation from 2008 (Brazil, 2012). 
Permanently Protected Areas (PPA) are defined in the Brazilian 
Forest Act as riparian zones, hilltops, and mangroves, in which the 
native vegetation has the function to preserve water resources, soil 
stability, biodiversity and human wellbeing. The PPA areas here 
were estimated by applying a buffer zone to the official water 
courses dataset, provided by the Brazilian Institute of Geography 
and Statistics (IBGE, 2007).  
The Atlantic Forest law protects all remaining native vegetation 
within the Atlantic Forest biome. Therefore, any land covered with 
native vegetation within the Atlantic Forest biome, yet not 
protected by the Forest Act, was assumed to be protected by the 
Atlantic Forest Law. Land not protected by any command and 
control mechanism were considered as private land with no legal 
obligations. 
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Figure 2: Tenure categories of Brazil based on the mechanisms of command 
and control regulation. 

 

2.6. Evaluating the effects of prevailing command and control 
regulations on the protection of above-ground carbon stocks 

Paper 1 presents the consequences of command and control 
regulations in the protection of carbon stocks in Brazil. This 
analysis employed a newly produced compilation of spatial data on 
above-ground carbon for the Brazilian territory with 50 x 50 m 
pixel resolution (Englund et al., 2017). This map was developed 
based on an algorithm that combined different data sources to best 
represent the current land use/cover and to avoid overestimated 
carbon levels on land with low carbon stocks, such as agricultural 
land, enabling farm-level assessment. Here, only the carbon stock 
in the above-ground biomass was considered. Other carbon pools, 
such as litter, dead organic matter, and soil organic matter, were 
not considered since no datasets were available in a high spatial 
resolution, similar to the resolution of the land use/cover data 
used in this study. The above-ground carbon data was analysed 
concerning the land tenure dataset and command and control 
mechanisms on public and private land.  

2.7. Scenarios for offsetting legal reserve deficits 
Based on the land tenure analysis and the modelling of the 
Brazilian Forest Act, an assessment was carried out about the 
possible pathways of the implementation of the mechanism for 
offsetting legal reserve deficits. Here, the geographical distribution 
of the potential demand and supply for certificates associated with 
native vegetation were estimated. Private properties with a deficit 
of legal reserves (potential buyers of certificates) were identified as 
well as the rural properties with a surplus of native vegetation 
(potential sellers of certificates). 
However, there are two kinds of certificates associated with native 
vegetation, which can be used for compensation of legal reserve 
deficits. The legal reserve deficits can be offset in areas already 
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protected under command and control regulation, or it can be 
offset using certificates associated with unprotected native 
vegetation, which can be legally converted into agricultural land. 
There is an obvious difference between these two offsetting 
pathways when it comes to the additionality to nature protection. 
The first pathways, the offsetting of legal reserve deficits will not 
necessary result in additionality effects in the protection of native 
vegetation. Although it may contribute to enhancing the 
implementation of the existing command and control regulation. 
In the second pathway, the offsetting will expand legally protected 
native vegetation while preserving productive agricultural land, 
having an additional effect in nature protection. 
In paper II, three different scenarios of implementation of the 
offsetting of legal reserve deficit are elaborated considering these 
various pathways of the forest act implementation. The first 
scenario examined the offsetting of legal reserve deficits in the 
same biome and state using all tradable credits associated with 
native vegetation, representing the business-as-usual scenario of 
demand and supply of credits. A second scenario evaluated the 
offsetting in the same biome and state, but using only tradable 
credits from protected native vegetation, allowing a view of an 
offsetting situation with no additionality in nature protection. 
Finally, a third scenario evaluated the offsetting in the same biome 
and state, considering only credits coming from unprotected native 
vegetation from smallholder farmers. This last scenario enabled 
the reflection about the feasibility of offsetting implementation 
pathway which is meaningful for both sustainability aspects, i.e. 
additional to nature protection and efficient to promote socio-
economic benefits. The Table 1 summarizes the evaluated 
scenarios. 

Table 1. Summary of the three scenarios evaluated for offsetting legal reserve 
deficits among landholders in Brazil. 

Restriction Scenario 1 Scenario 2 Scenario 3 

Geographical 
restriction for 
offsetting LR 

deficits 

State and biome State and 
biome 

State and biome 

Type of CRA 
certificates 

Associated with 
protected or 
unprotected native 
vegetation 

Associated 
with protected 
native 
vegetation 

Associated with 
unprotected 
native 
vegetation 

Suppliers of CRA 
certificates 

No restriction No restriction Restricted to 
smallholder 
farmers 

 

3. RESULTS AND DISCUSSION  

3.1. Results from the literature review 
Despite poverty and population growth being important drivers of 
deforestation in Brazil, much of the deforestation in the last 
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decades can be attributed to governmental incentives (Lambin et 
al., 2001) to populate the Cerrado and Amazon regions of Brazil. 
The economic opportunities created by logistic development and 
easy credit for land procurement have attracted immigrants from 
the Southern regions of Brazil (Fearnside, 1993; Lambin et al., 
2001). This development promoted a disorderly agricultural 
expansion of extensively forested land in regions of low suitability 
for intensive production, which resulted in large areas of degraded 
pasture usually used for cattle ranching (Fearnside, 1993). 
Over the last decade, Brazil has succeeded in slowing down the 
deforestation rate in more than 70%, thanks to a set of public and 
private policies that combined expansion of protected areas, such 
as indigenous land and other conservation units; enforcement of 
legislation by improving institutional coordination and monitoring 
of illegal deforestation; and market barriers for products coming 
from deforestation regions (Gibbs et al., 2015; Godar et al., 2014; 
Nepstad et al., 2014). Despite these achievements, significant 
forested areas are being converted yearly in Brazil, who remains 
the largest global emitter of carbon dioxide due to deforestation 
(Nogueira et al., 2015; Zarin et al., 2016). 
In 2012, Brazil revised the National Forest Act (Brazil, 2012), the 
core environmental protection legislation in private land. The new 
law was an attempt to balance environmental protection objectives 
with production goals. On the one hand, farmers’ representation 
lobbied that the compliance with the former Forest Act (Brasil, 
1964) was not feasible as it would result in the conversion of much 
of the productive land (Diniz and Ferreira Filho, 2015). On the 
other hand, this revision was highly controversial, since it 
amnesties most of the illegal deforestation that happened before 
2008, which was criticized by civil society and scientists (Banks-
Leite et al., 2014a; Diniz and Ferreira Filho, 2015; Soares-Filho et 
al., 2014; Sparovek et al., 2011; Sparovek et al., 2012).  
The new legislation also brought about mechanisms which aim at 
improving accountability for deforestation and conciliating 
environmental and production objectives. The Rural 
Environmental Registry — known as CAR, the Portuguese 
acronym for Cadrastro Ambiental Rural (SFB, 2015b) — introduced 
with the new Forest Act, is a georeferenced database of rural 
properties that is expected to play a major role towards 
accountability of deforestation in Brazil (Gibbs et al., 2015). 
The implementation of the Forest Act is still on the way, and the 
sustainability and potential effects of this legislation in the 
preservation of native vegetation and its ecosystem function is not 
entirely understood (May, 2015). Scenario analysis and 
development of geographically explicit models is much needed to 
evaluate the potential outcomes of existing land use policies in 
Brazil and to furnish policy and decision makers, guiding further 
regulatory marks that ensure the preservation of ecosystem 
services and maximise potential socio-economic returns. 
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The new Forest Act also institutionalised the National 
Environmental Reserve Quotas, a mechanism that enables the 
offsetting of legal reserve deficits among farmers. This tool is 
creating a market-based system for trading native vegetation, 
where farmers with legal reserve deficits will be able to purchase 
credits associated with preserved native vegetation from other 
farmers, who sustain more native vegetation than required by the 
legislation. However, there are many different pathways to which 
the implementation of this trading system can take place. Each 
pathway may lead to different outcomes concerning nature 
protection and socioeconomic development. State level regulation 
defines the additional rules and regulations to govern the 
implementation of offsetting of legal reserves within each state. 
The review of state-level regulation reveals that every state 
prioritises the offsetting of legal reserves in native vegetation that 
contribute to ecological corridors and connectivity between 
fragments of native vegetation of high biodiversity. State-level 
policies promote the offsetting of legal reserve deficits in native 
vegetation of particular interest for the stability of soils and 
freshwater protection. The regulation at the state level may 
contribute to the protection of native vegetation of high 
conservation value (Bernasconi, 2014; May, 2015). However, state-
level regulations for offsetting legal reserves fail to factor 
additionality in nature protection. Moreover, none of the state’s 
rules and regulations considers socio-economic factors, which can 
be a missed opportunity to enhance the impact of this mechanism 
on the protection of ecosystem services and social and economic 
development. 

3.2. Land tenure analysis 
About 79% of the land tenure for the Brazilian territory was 
obtained from various available datasets. The algorithm for 
simulating boundaries of rural private properties represented the 
remaining 21% of the Brazilian territory and about one-third of 
the private land. The outcomes of the land tenure analysis (Figure 
4) were consistent with the tabular database from the Brazilian tax 
office at national and state level, with few exception, such as the 
Bahia state, where our dataset appear to be underestimating the 
total number of small-scale properties. It should be noted that 
although the constructed dataset appears to slightly underestimate 
the number of rural properties (Figure 3), the constructed dataset 
of land tenure considered rural settlements as a single polygon. 
However, about 1.3 million smallholder farmers are coming from 
rural settlements. This figure probably would explain the 
difference between the constructed dataset and the tabular data 
from the Brazilian tax office. The constructed dataset on and 
tenure was also consistent with the tabular data. 
The land tenure analysis showed that private land represented 
about 63% of the Brazilian territory, public land about 27%, and 
undesignated land the remaining 10%.  
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Figure 3. Distribution of rural property per size range from the constructed 
dataset on land tenure and the tabular database from the tax office of Brazil 
(RFB, 2016). 

 
Figure 4. The constructed land tenure dataset, presented with discrete colours 
including public, private rural properties and undesignated territories, 
presented over the World Ocean Base map base layer (ESRI, 2010).  
Geographic projection: SIRGAS 2000.  
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3.3. Command and control mechanisms and the above-ground 
carbon stocks 

Figure 5 and Figure 6 presents the distribution of area and carbon, 
respectively, between the land tenure categories. The results 
demonstrate that undesignated land represents about 10% of the 
Brazilian territory (Figure 5) and holds 20% of the AGC stocks 
(Figure 6). Here is where most of the ongoing deforestation takes 
place and the region of highest occurrence of conflicts for land 
possession. The ongoing tenure regularisation process of this “land 
of no man” is a fundamental step towards governance and 
preservation of the enormous AGC stocks in these areas. About 
50% of the Brazilian territory is under command and control 
protection, and after the tenure regularisation process of 
undesignated land, protected land is expected to expand to about 
60% of the Brazilian territory. Regarding AGC stocks, roughly 
90% are expected to be protected after the regularisation process 
of undesignated land, leaving only 10% of these stocks 
unprotected. This result is not sensitive to the possible variation in 
the outcomes of the tenure regularisation process because of 
whether assigned to public land or private use, most of the 
undesignated land will remain protected as indigenous territory, 
conservation units or legal reserve.  
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Figure 5. Distribution of area in the native vegetation between the 
various categories of land use protection. The figure presents the 
total AGC stocks within the processed territory and respective 
AGC stocks under PR – private land, PC – public land and UL – 
undesignated land. The portions of AGC stocks in PPA – 
permanently protected areas, LR – legal reserves, and PRnoOB − 
private land with no legal obligation, that is presented in this figure 
already include the 3% AGC from ULtoPR − undesignated land 
expected to be assigned to private use. Other command and 
control mechanisms are AFL − Atlantic Forest Law, IL − 
indigenous reserves, CUPI – conservation units of full protection, 
CUSU – conservation units of sustainable use. Here, it is also 
present the distribution of private land between Small – small rural 
properties (0 – 4 Fiscal Modules), Medium – medium rural 
properties (4 to 15 fiscal modules) and Large – large rural 
properties (more than 15 fiscal modules). 
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Figure 6. Distribution of AGC stocks in the native vegetation 
among different categories of land use protection. See caption of 
Figure 5 for an explanation of abbreviations. 
 
Conservation units and indigenous reserves together embrace half 
of the AGC stocks, reaffirming public conservation land as one of 
the most important instruments in the Brazilian climate change 
agenda, especially considering that this mechanism has been 
effective in stopping agricultural expansion and preserving the 
related ecosystems services (Barber et al., 2014; Nepstad et al., 
2014; Nepstad et al., 2006). Still, existing land use policies lack 
mechanisms to prevent selective logging within areas of public 
conservation, which may represent losses in conservation values 
that are comparable to the ones that result from deforestation 
(Barlow et al., 2016). Thousands of communities live within the 
conservation units as well as indigenous land, most of them 
suffering from poverty and lack of access to quality education, 
factors that contribute to the unsustainable use of the forest. The 
long-term solution for the preservation of the areas needs to 
address the economic and social development of these 
communities. A possible way to this goal is through innovative 
solutions such as the development of high-value products that are 
based on a sustainable use of the forest (Nobre et al., 2016). 
Our results show that about one-third of the AGC stocks are 
located on private land, although this land represents two-thirds of 
the Brazilian territory. Interestingly, small and medium sized rural 
properties together sustain AGC stocks that are comparable to the 
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stocks on large rural properties. Traders restriction to agricultural 
products coming from deforestation zones has been a powerful 
policy tool to stop deforestation in Brazil (Gibbs et al., 2015). 
However, this instrument is likely to be effective for large-scale 
farmers producing grain products, who tend to be more sensitive 
to restriction from national and international markets (Godar et al., 
2014). Therefore, support and incentive mechanisms which aim at 
safeguarding AGC stocks may produce better additional effects if 
prioritising rural properties that are least likely to answer to traders’ 
barrier for commercialization of agricultural products. 
The LUPA model enabled a pixel-level identification of the 
impacts of command and control regulation in the protection on 
AGC stocks in Brazil. A similar approach can be applied to other 
ecosystems services, such as water resources preservation and soil 
conservation. 

 

3.4. Offsetting of legal reserve deficits 
It was estimated a total reduction of about 40 Mha in restoration 
needs of native vegetation resulted from the 2012-revision of the 
Brazilian Forest Act. Still, approximately 13 Mha of the Brazilian 
territory are required to restore the original vegetation. 
Landholders have the option to restore the native vegetation or to 
offset the legal reserve deficit by purchasing CRA certificates 
associated with native vegetation within the same biome. However, 
considering the cost associated with restoration and the 
opportunity costs of productive land to be converted into native 
vegetation, offsetting is likely to be the most common option of 
compliance from an economical point of view. This potential 
demand for CRA is mostly located in the Cerrado, Amazon and 
Atlantic Forest biomes, within large private properties and a small 
share in medium size properties. 
The potential supply of certificates associated with native 
vegetation was estimated to be 156 Mha. It should be noted that 
the potential supply of tradable CRA was considerably larger than 
the potential demand (Figure 7). The Forest Act restricts the 
offsetting to take place within the same biome. Moreover, state-
level regulatory marks can further restrict the offsetting to be held 
within the same state. Even in the most restrictive scenarios, the 
potential supply of CRA remained substantially larger than the 
potential demand. In this situation of imbalance between supply 
and demand for CRA, the sustainability of a CRA trading system 
under free-market rules is highly questionable. The substantial 
oversupply of CRA may press down prices (May, 2015), providing 
a little income for landholders who opt to preserve native 
vegetation. 
Scenario 2 shows that about 46 Mha of the tradable CRA 
certificates were associated with native vegetation protected by 
command and control mechanisms (Figure 7). Under free-market 
rules, this category of  CRA certificates may be offered at the 
lowest prices, considering that there is no opportunity cost 
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associated with the conversion to agriculture land, such as the 
CRA associated with unprotected native vegetation. Therefore, 
CRA certificates associated with protected native vegetation is 
likely to be the primary option of landholders seeking to offset 
their legal reserve deficits. This implementation pathway may 
undermine the additionality of the CRA trading system regarding 
nature protection. Although it may contribute to improving the 
effectiveness of existing command and control regulations 
(Bernasconi, 2014; May, 2015), the added value is difficult to 
measure and questionable in the current direction of improved 
enforcement of the legislation. 
Scenario 3 show that it is feasible to offset legal reserve deficits by 
primarily targeting CRA certificates associated with unprotected 
native vegetation from smallholder family farmers. The market for 
credits associated with native vegetation is expected to be a 
multimillionaire trading system. But who will benefit from this 
trading is still an open question. Considering the social problems 
in Brazil, resulting from inequality in income as well as in land 
distribution, it can be beneficial if the smallest and poorest farmers 
are the primary suppliers of CRA certificates associated with native 
vegetation. This arrangement could create a steady flow of income 
from larger farmers to the minor ones, generating additional 
revenue for thousands of smallholder farmers, contributing to 
national goals of reduction in inequalities and poverty.  
Our results suggest that further regulation at the state 
administrative level that considers additionally and social criteria 
for restricting CRA supply options may contribute to a sustainable 
implementation of the CRA trading system while enhancing the 
societal and environmental returns from this mechanism. One 
possible pathway to reach that goal would be by primarily targeting 
CRA certificates associated with unprotected native vegetation in 
small rural properties. This arrangement could reduce the potential 
supply of CRA, balancing the demand and supply, maximise 
additionality in nature protection and ensure a flow of income 
from large (most likely richer) to small landholders (usually 
poorer), contributing to national and international sustainability 
goals. 
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Figure 7. Potential demand and supply of CRA certificates for each of the 
Brazilian states and biomes. The figure presents the legal reserve deficits 
(potential demand for offsetting) as well as different CRA certificate supply 
options in each of the Brazilian biomes and states. 
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4. CONCLUSIONS AND FUTURE RESEARCH 

Brazilian native vegetation provides valuable ecosystem services 
that are beneficial at local and global scale. Deforestation has 
dropped significantly as a result of improvements in land use 
governance over the last decade. Still, much of the Brazilian 
territory is undesignated and the effectiveness of the 
implementation of the environmental legislation on private land – 
the Forest Act revised in 2012 − is uncertain. This thesis provided 
an impact evaluation of the implementation of command and 
control mechanisms in the protection of ecosystem services 
provided by the native vegetation. From the outcomes of this 
thesis, it is possible to conclude that about 90% of the carbon 
stocks in the above-ground biomass of native vegetation will be 
protected under command and control regulations after full 
implementation of the current legislations. Moreover, the 
offsetting mechanism of legal reserve deficits among private 
properties may result in little or no additionally in terms of nature 
protection. However, it is feasible to maximise societal and 
environmental returns from this mechanism if smallholder farmers 
are the primary supplier of these certificates associated with native 
vegetation not yet protected by command and control regulations. 
In light of the expected higher compliance with land use command 
and control regulations (Sparovek et al., 2016), incentives and 
other market-based mechanisms to avoid deforestation may 
provide a more significant added value towards the maintenance of 
ecosystem functions from native vegetation if primarily targeting 
unprotected land.  
Nevertheless, it is worth highlighting that selective logging may 
cause losses of ecosystem functions associated with native 
vegetation that is comparable to losses due to deforestation. 
Therefore, monitoring of land cover alone may not guarantee the 
conservation values of the native vegetation.  
Roughly 40% of the Brazilian territory is used as agricultural land. 
The largest share of this territory is composed of vast degraded 
pasture land.  The ecosystem services provided by this land are 
relatively low regarding food, fibre and bioenergy production, 
carbon storage and biodiversity preservation. Future land use 
policies need to address these issues, creating mechanisms and 
regulatory marks to promote the development of ecosystem 
services in these areas. Therefore, future studies that focus on 
developing land use allocation models that consider ecosystems 
services development are needed to advise policy and decision 
makers. 
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6. APPENDICES  

Appendix 1. List of datasets employed in the spatial analysis and models 
carried out in this study. 
Datasets Year Data source Reference 

Federal and state 
roads 

2016 Brazilian Department of Transport 
Infrastructure  

(DNIT, 2016) 

National railroads 2016 Brazilian Department of Transport 
Infrastructure  

(DNIT, 2016) 

National railways 2015 Brazilian Department of Transport 
Infrastructure 

(DNIT, 2016) 

Urban areas 2015 Brazilian Institute of Geography and 
Statistics 

(IBGE, 2015) 

Water surfaces 2015 Brazilian Institute of Geography and 
Statistics 

(IBGE, 2015) 

Watercourses 2015 Brazilian Institute of Geography and 
Statistics 

(IBGE, 2015) 

Brazilian Public 
Forests  

2015 Brazilian Forest Service (SFB, 2015a) 

Indigenous 
Reserves 

2015 National Indigenous People 
Foundation 

(FUNAI, 2015) 

Conservation Units 2015 Ministry of Environment (MMA, 2015) 

Terra Legal Program 2015 Institute of Colonization and Agrarian 
Reform  

(INCRA, 2015) 

Rural Settlements 2015 Institute of Colonization and Agrarian 
Reform  

(INCRA, 2015) 

Registered Private 
Properties 

2015 Institute of Colonization and Agrarian 
Reform  

(INCRA, 2015) 

Registered Public 
Lands 

2015 Institute of Colonization and Agrarian 
Reform  

(INCRA, 2015) 

Traditional 
Communities 

2015 Institute of Colonization and Agrarian 
Reform  

(INCRA, 2015) 

Military Areas 2014 Ministry of Environment (MMA, 2015) 

CAR (Environmental 
Rural Registry) 

2016 Brazilian Forest Service (SFB, 2015b) 

Agricultural Census 
database  

2006 Brazilian Institute of Geography and 
Statistics 

(IBGE, 2006) 

Tabular database of 
rural private registry 

2016 Brazilian Tax Office (RFB, 2016) 

Compilation of Land 
Cover 

2008 Various data sources (Sparovek et al., 
2015) 

 


