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Abstract

In 2012 Brazil’s National Congress altered the country’s Forest Code, decreasing
various environmental protections in the set of regulations governing forests. This
suggests consequences in increased deforestation and emissions of greenhouse gases
and in decreased protection of fragile ecosystems. To ascertain the effects, a simulation
was run to the year 2025 for the municipality (county) of Boca do Acre, Amazonas
state, Brazil. A baseline scenario considered historical behavior (which did not respect
the Forest Code), while two scenarios considered full compliance with the old Forest
Code (Law 4771/1965) and the current Code (Law 12,651/2012) regarding the
protection of “areas of permanent preservation” (APPs) along the edges of
watercourses. The models were parameterized from satellite imagery and simulated
using Dinamica-EGO software. Deforestation actors and processes in the municipality
were observed in loco in 2012. Carbon emissions and loss of forest by 2025 were
computed in the three simulation scenarios. There was a 10% difference in the loss of
carbon stock and of forest between the scenarios with the two versions of the Forest
Code. The baseline scenario showed the highest loss of carbon stocks and the highest
increase in annual emissions. The greatest damage was caused by not protecting
wetlands and riparian zones.

Keywords global warming; tropical forest; climate change; land-use change;
Amazonia; forest policy; landscape dynamics; carbon emissions

INTRODUCTION
The Forest Code and its political context

The Brazilian Forest Code, as amended in 2012 (Table 1), reduces the “arecas of
permanent preservation” (APPs) on the banks of watercourses and around their
headwaters. The new code no longer requires protecting vegetation around intermittent
streams, and it reduces the need for restoring this vegetation in properties where illegal
deforestation of APPs took place before 22 July 2008 (Brazil 2012). The new rules that
compute APP boundaries by measuring from the edges of watercourses eliminate
protection of the floodplain (vdrzea) and, consequently, transitional environments
between flooded and non-flooded ecosystems. These environments are of great
importance to biogeochemical cycles and to the survival of various species (Piedade et
al. 2012). When landscapes are heavily deforested, APPs along watercourses provide
forest corridors connecting the remaining forest fragments, thus allowing movement of
both animals and plants among fragments (de Marco and Coelho 2004). This is vital to
maintaining biologically viable populations. Riparian vegetation reduces the amount of
sediment deposited in rivers and the incidence of floods (Tundisi and Tundisi 2010).

[Table 1 here]

The justification for revising the Forest Code was to increase agricultural
production and facilitate land “regularization” (Rebelo 2010). “Regularization”
(regulariza¢do) means bringing the status of land into conformance with the law, for
example by planting trees in areas deforested illegally, paying fines, or by simply
pardoning past illegal deforestation. However, the revised Forest Code reduced the
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protection of ecosystems by reducing areas required for APPs. The argument that more
land was needed to increase agricultural production has been challenged (Martinelli et
al. 2010; Michalski et al. 2010). There appeared to be no ethical or economic reasons
for updating the law (Vieira and Becker 2010), leaving the possibility of regularizing
illegalities as the main motivation.

Reduction in protected areas, together with other measures to reduce
environmental liabilities and to facilitate environmental “regularization,” can result in
the reduction of native vegetation and increasing greenhouse-gas emissions. Revision of
the Brazilian Forest Code was therefore a setback for global efforts to mitigate climate
change (IPAM 2011; Martinelli 2011; Metzger et al. 2010; Soares-Filho et al. 2014).

The long debate over revising the Forest Code, and the votes in the House of
Deputies and Federal Senate, represent a turning point in the political context of
environmental regulation in Brazil that extends far beyond the effects of the changes in
the Forest Code itself. The House of Deputies approved the revision in 2011 by a ratio
of seven to one. Brazil’s population is 85% urban, meaning that the vast majority of
voters have no financial interest in being allowed to deforest more, especially in high-
risk areas like steep hillsides and near watercourses. During the debate itself dramatic
reminders of the importance of forests in these areas were provided by over 200 deaths
from landslides in the state of Rio de Janeiro and thousands of families displaced by
overflowing rivers in northeastern Brazil. At the time of the vote, public opinion polls
showed 80% of Brazil’s population opposing any change in the Forest Code (Lopes
2011). How, then, can one explain the members of the House of Deputies, where
representation is proportional to population, voting overwhelmingly against the interests
of their own constituents? The logical explanation lies in power of money from soy and
other agribusiness interests being transformed into political influence (Fearnside and
Figueiredo 2016). The most important result of the vote was its dramatic demonstration
of the influence of the “ruralist” block (representatives of large landholders), both
leading to appointment of ruralist leaders to many key positions in the government and
to a shift in expectations of the public, especially in rural areas. The year 2012, when
the Senate approved the revision and the new Forest Code entered into effect, coincides
with a reversal of the downward trend in Brazil’s Amazonian deforestation rates that
had been in course since a peak in 2004. The annual deforestation rate jumped by 29%
in 2016; while several factors were pushing in this direction, the magnitude of the surge
suggests that it also had roots in a further spectacular increase in the political power of
the ruralists in that year (Fearnside 2017). Among the effects of this rise in influence is
a series of proposed laws and constitutional amendments that would essentially
dismantle Brazil’s environmental licensing system (Fearnside 2016).

Simulation models

Simulation models have not often been used in assessing the impact of policies
that have already been implemented (He et al. 2013), but deforestation modeling makes
it possible to project the transition rates of land-use and land-cover change. This is
needed to support policies to combat deforestation and to improve understanding of the
mechanisms and causative agents of deforestation (Lambin 1994). Spatial modeling of
deforestation can be done using Dinamica-EGO software (Rodrigues et al. 2007;
Soares-Filho et al. 2002), which is based on a cellular automata system with transition
rules set in accordance with the characteristics of the surrounding cells (White and
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Engelen 2000). A limitation of cellular automata-based models for simulating the effect
of policies is that the inferences they make are restricted to changes in land use and land
cover (He et al. 2013). Despite this restriction, Dinamica-EGO has been widely used to
project deforestation (Soares-Filho et al. 2006) and to analyze the impacts of building
roads (Barni et al. 2015; Fearnside ef al. 2009; Soares-Filho et al. 2004) and the effect
of policies for establishing conservation units (Yanai ef al. 2012). “Conservation units”
are protected areas created under the National System of Conservation Units (SNUC)
(Brazil, MMA 2015). “Protected areas” include both conservation units and indigenous
lands.

Study objectives

The aim of the present study was to quantify potential impacts on deforestation
resulting from the changes in the Brazilian Forest Code and estimate the loss of carbon
stock in the municipality of Boca do Acre, located in the southwestern portion of
Brazilian Amazonia. Three scenarios were developed, and deforestation was simulated
to 2025. A baseline scenario was simulated (considering the historical trend in
deforestation rates in Boca do Acre) together with two scenarios whose premise is the
total prohibition of deforestation within the APPs on the banks of watercourses as
required by the two Forest Codes (1965 and 2012). The 1965 Forest Code measured the
width of the APPs starting from the maximum water level in the watercourses, whereas
the 2012 law begins the measurement from the “regular” channel, meaning the
minimum water level. Especially in Amazonia, the edge of the “regular” channel is
substantially lower than the previous starting mark, resulting in less area being
protected. In addition to the APP reductions that are the focus of this study, the 2012
law reduces the area of forest protected by the “legal reserve” requirement (a percentage
of each property that must be maintained as forest): although the required percentage
remains the same, the APPs are now “incorporated” as part of the legal reserve rather
than being additional to this requirement. The 2012 revision of Brazil’s Forest Code
represents a major change affecting Amazonian forest, but most discussion of these
impacts has been in general terms. Quantification of potential effects in a specific
location adds an important dimension to this discussion.

MATERIALS AND METHODS
Study area

The study area comprised the municipality (county) of Boca do Acre in the state
of Amazonas (located in the southwestern portion of Brazilian Amazonia). A 3-km
buffer around the municipality was also included in order to capture the maximum
effect of the BR-317 (Rio Branco - Boca do Acre) Highway and avoid interference from
edges in modeling. The study area covered a total of 24,133 km?, including the buffer
that encompassed small portions of the neighboring municipalities of Labrea and Pauini
in the state of Amazonas and Manoel Urbano, Sena Madureira, Bujari, Porto Acre and
Senador Guiomard in the state of Acre (Figure 1).

[Fig. 1 here]

Boca do Acre comprises an area 21,951 km? and has annual average rainfall of
2000 to 2400 mm (Sombroek 2001); its economic base is cattle, which, with 84,954
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head, is the fifth largest herd among the 62 municipalities in the state of Amazonas
(Brazil, IBGE 2011). The boundary of the municipality to the east follows Highway
BR-317, which is an important factor increasing its attractiveness for deforestation
(Piontekowski et al. 2011).

Deforestation through 2012 in Boca do Acre totaled 2076 km? (9%), which was
the second highest deforestation extent in the state of Amazonas. The annual increase of
54.9 km?” (0.24% of the municipality) in 2012 was the largest in the state (Brazil, INPE
2016). Amazonas is Brazil’s largest state with 1.57 million km?, an area approximately
the size of the US state of Alaska and more than double that of the state of Texas.

Fieldwork

Fieldwork was carried out between 11 and 19 August 2012. Both small and large
properties were visited to better understand the dynamics of land-use and land-cover
change in the municipality. The routes of roads that were not included in official maps
were collected using a GPS, and the widths of the main rivers at their maximum water
levels were observed to supply information needed by the models.

Acquisition and processing of images

Imagery from the thematic mapper (TM) sensor on the Landsat-5 satellite was
used (30-m spatial resolution) for the years 2005, 2008 and 2010. The images were
obtained from the National Institute for Space Research (INPE)
(http://www.dgi.inpe.br/CDSR/) for the relevant rows and points (3/66, 2/66, 1/66, 1/67
and 2/67). For 2012 we used images from the LISS3 sensor on the ResourceSat-1
satellite (23.5-m spatial resolution). These images were then resampled to 30 m. All
images were georeferenced on the basis of the GeoCover 2000 mosaic of the US
National Aeronautics and Space Administration (NASA)
(https://zulu.ssc.nasa.gov/mrsid/). The cartographic projection applied was UTM Zone
19 South and Datum WGS1984.

The portion representing the study area was cut out of a mosaic created from
georeferenced images. The clipped images were classified into forest, non-forest,
watercourses, secondary vegetation and deforestation according to the methodology
proposed by Graca and Yanai (2008) using as a classifier the maximum similarity
determined in ENVI software. The result of this process for 2012 is shown in Figure 2.

[Figure 2 here]
Delimitation of hydrography and areas of permanent preservation (APPs)
Watercourses and their associated APPs were divided into:

e Watercourses < 30 m in width;
e Watercourses > 30 m in width computing the APP from the “regular” channel;
e Watercourses > 30 m in width computing the APP from the maximum water level.

For rivers with width less than 30 m, SRTM (Shuttle Radar Topography
Mission) images were used (available at
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http://www.relevobr.cnpm.embrapa.br/download/) with a spatial resolution of 90 m
resampled to 30 m. From this procedure a digital elevation model was developed for the
study area using “Arc Hydro Tools” in ArcGIS software, where the watercourses
(hydrography) were bounded as demonstrated by Alves Sobrinho ef al. (2010).

Watercourses > 30 m in width, were extracted from classified images (Figure 2)
and the width of each river was measured using the “measure” tool in ArcGIS for
determining the APPs, as demonstrated by Reich and Francelino (2012). To measure the
width of the rivers at the maximum water level a mask of the flooded areas of the
Amazon region was used with 100-m spatial resolution produced from the synthetic-
aperture radar (SAR) sensor on the Japanese Earth Resource Satellite 1 (JERS-1) (Hess
et al. 2003, 2012). This mask was resampled to 30 m and, later, the floodplain of each
river was measured using the “measure” tool to determine the APPs. The images were
then clipped based on the study area, the rivers were grouped into width classes and the
buffers for the APPs were created. Since the maximum resolution of the images was 30
m, we used modeled 30-m buffers to represent the APPs for all rivers with <30 m width
(Table 2).

[Table 2 here]

Maps of APPs generated for the rivers with width > 30 m were added separately
to the map of narrow watercourses, producing two separate maps, one with the APPs
computed from the “regular” channel (Law 12,651/2012) and the other with the APPs
computed from the maximum water level (Law 4771/1965).

The A-eco model

The model used in the present study, denominated “A-eco,” was simplified from
the AGROECO model that was created for simulating deforestation considering the
influence of roads and the preservation offered by conservation units (Fearnside ez al.
2009). The main modifications refer to the simulated transition rate feedback and the
inclusion of “regions” in the model.

In the AGROECO model transition rates were calculated in Vensim, which is a
non-spatial simulation software (Ventana Systems Inc. 2007). In AGROECO, Vensim
was coupled interactively with the 32-bit version of Dinamica-EGO, which performed
the spatial allocation of the rates. In the A-eco model, transition rates were calculated
using only the operators (“functors”) in the 64-bit version of Dinamica-EGO, thus no
longer requiring the use of Vensim. This change was made because the coupling with
Vensim hindered the use of maps with a large number of cells and because the 64-bit
version of Dinamica-EGO is incompatible with Vensim. The 64-bit version of
Dinamica-EGO allowed more-detailed raster maps to be used and has better
performance in terms of processing time.

The approach consists of partitioning the “regions” into which we divided the
study area so that processing is done separately for each of the “regions.” At the end of
each iteration, the regions are grouped again into a single map. The iterations
(repetitions of the model calculations) in this case represent years. In the present study,
the regionalization of the study area allowed calculating the rates of deforestation, with
projection of road construction specific to each region. This allowed capturing the
particularities of deforestation for each agent or intrinsic focus of deforestation. In
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addition, using this approach it was possible to compute the transition rates for each
region in order to construct the scenarios used for comparing forest loss and carbon
emissions under different versions of the Forest Code and under different assumptions
regarding enforcement.

Input variables in the A-eco model

The spatial resolution used in the input maps was 30 m and the cartographic
projection applied was UTM Zone 19 South and Datum WGS-1984. The inputs to the
model were:

- Map of static variables: vegetation (Brazilian Institute of Geography and Statistics:
IBGE); soil (IBGE); altitude (SRTM); slope (derived from the altitude map);
Watercourses (extracted from the land-cover map); roads (from the Remote Sensing
Center, Federal University of Minas Gerais: CSR/UFMG) updated with the roads
identified in satellite images (2005 and 2012) and on-site during fieldwork in 2012;
conservation units (from IBGE and the Amazonian Protection System: IBGE/SIPAM);
and indigenous lands (from the National Indian Foundation: FUNAI);

- Maps of friction and attractiveness. created in Dinamica-EGO through multi-criteria
analysis by assigning values (weights) to features that have a predisposition to either
attract or repel the construction of roads and, consequently, speed or slow deforestation.
Factors of attraction are roads and watercourses, while repulsive factors are indigenous
lands, conservation units and areas with steep slopes (Soares-Filho et al. 2009);

- Land-cover map for the year 2012 (Figure 1);

- Road map (CSR/UFMG) updated with roads identified in satellite images for 2005
(calibration phase) and 2012 (simulation phase) and on-site in 2012; this is necessary
for the model’s "road-builder" module and for calculation of transition-probability maps
and rates of deforestation within the program,;

- Map of regions: This map compartmentalizes the study area into “regions” and
projects deforestation in a different way for each region (Table 3 and Figure 3). This
considers the level of protection of the area, deforestation dynamics along rivers and
roads, and APPs. The study area was divided into six regions in the “Baseline Scenario”
and the “1965 Scenario” and into seven regions in the “2012 Scenario” (Table 3). For
each region, the transition rates, weights of evidence and dynamics of road construction
were distinct.

[Table 3 & Figure 3 here]

Weights of evidence represent the susceptibility of a cell to changing from one
state to another. For example, cells in the forest class that are located away from
deforested areas or from roads are less susceptible to changing from forest to
deforestation, since they have lower weights compared with forest cells located next to
these areas. The transition rates represent the overall amount of change, i.e., they
determine the number of cells that will undergo the transition in each iteration. The
transitions used were:
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- forest to deforestation;
- deforestation to secondary vegetation (regeneration);
- secondary vegetation to deforestation (cutting of secondary vegetation).

Deforestation rates were obtained according to the equation used by Yanai ef al.
(2012), where the rates are updated in each iteration in accord with the increment of
roads in the model. Rates of cutting and regeneration of secondary vegetation were
determined from the calculated transition matrix in Dinamica-EGO.

Calibration and validation

“Calibration” refers to the “estimation and adjustment of model parameters and
constants to improve the agreement between model output and a data set,” while
“validation” means that a model is “acceptable for its intended use because it meets
specified performance requirements” (Rykiel 1996). In the process of calibration,
weights of evidence and transition rates were determined using the 2005 - 2010 period.

Validation was carried out by applying the weights and rates found in the same
study area for the period from 2005 to 2012. As input, the simulation used the land-use
map for 2005 and ended by simulating the map for 2012, which was then compared to
the map of real deforestation by that year (from PRODES: Brazil, INPE 2016) in an
effort to achieve the maximum possible spatial similarity.

The weights and the rates were obtained and applied to each region. In the
scenario for Law 12,651/2012, the sizes of the regions were changed and the weights
and transition rates were therefore recalculated for this scenario.

For the allocation of the land-cover classes, the model was validated spatially
with 51% minimum similarity for a 5 x 5 pixel window (Figure 4). For the quantitative
validation, the difference between the real map and simulated map are given in Table 4.

[Table 4 & Figure 4 here]

The difference between the real and the simulated map in the validation step
shows that the model underestimated the forest and deforestation classes and
overestimated the secondary vegetation (Table 4). The overestimation of the amount of
secondary vegetation can be attributed to the difference between the calibration period
(2005 to 2010) and the 2012 map used for validation, since in 2012 there was 24% less
secondary vegetation than in 2005 and 30 percent less than in 2010.

Simulated scenarios

Three deforestation scenarios were simulated from 2013 to 2025, using
Dinamica-EGO software:

-Baseline Scenario: The transition rates consider the deforestation trend in recent
years. There is no restriction on the use of APPs, a premise that is closest to the real
situation, considering that only a few of the landholders respect the legislation in Boca
do Acre. In this scenario, only six regions (Table 3) were considered and the APPs were
based on Law 4771/1965.
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- Law 4771/1965 Scenario (1965 Scenario): This is a scenario where forest
legislation regarding APPs along the banks of watercourses (calculated on the basis of
the maximum water level) was fully respected beginning from the first iteration (i.e., no
deforestation occurs in these areas). This scenario assumes that starting to respect the
Forest Code in private properties would stimulate “leakage,” where deforestation that
would otherwise occur in the APPs moves elsewhere to areas of intact vegetation that
are unprotected (public and non-designated forest areas) (Sparovek et al. 2012). All of
the gross rate of deforestation and of cutting secondary vegetation in the APPs was
transferred and recalculated in terms of the net rate for cutting secondary vegetation in
adjacent areas. This made it possible to observe and compare the effect of the two
legislations in the scenarios. The APP region in the 1965 Scenario was the same as that
used in the Baseline Scenario.

-Law 12,651/2012 Scenario (2012 Scenario): The APPs built for this scenario
were based on the “regular” channel of each watercourse. In these areas, the Forest
Code was fully respected from the first iteration, thus preventing deforestation in APPs.
In addition, the “APP2008 region,” which refers to deforestation through 2008 in APPs,
was added. Under Law 12,651/2012, these cleared areas are exempt from being fully
recovered, and agricultural activities can be continued. Requirements for recovery of the
vegetation are in accordance with the size of the property. The largest restoration is
required for properties with areas greater than four tax modules (i.e., 4 x 100 ha in Boca
do Acre), with the width of APP restoration being at least 20 m and the maximum
requirement being 100 m. The transitions for cutting secondary vegetation were
maintained in the simulation for the APP2008 region due to the spatial resolution used
being 30 m and because it is assumed that the minimum required under the 2012 Forest
Code will be adopted. Note that the APP2008 region was only used in the simulation of
this scenario, this area being included in the APP region in all of the other analyses.

In all scenarios a mask was used to nullify values in urban areas in order to
prevent regeneration in these areas, even when they were located on the banks of rivers.
These sites have human occupation, impeding regeneration of the vegetation.

Estimates of carbon stock loss and annual carbon emissions

Biomass values were obtained based on the forest type indicated at each location
by the vegetation map of the Brazilian Institute of Geography and Statistics (IBGE)
(Brazil, IBGE 1992) and the dry mass value above- and belowground for each forest
type calculated by Nogueira et al. (2008a). For areas of forest with a predominance of
bamboo, which is abundant in Boca do Acre (Nelson et al. 2006), we used the
methodology presented by Vasconcelos et al. (2013). This methodology uses the values
for biomass of trees and palms with diameter at breast height (DBH, measured 1.3 m
above the ground or above any buttresses) greater than 5 cm (Nogueira et al. 2008b),
and adds the values obtained from the biomass equations developed by Nelson et al.
(1999) for bamboos and by Gehring et al. (2004) for lianas, applied to the inventory
carried out in Acre by de Oliveira (2000). Finally, necromass values are added
(Nogueira et al. 2008a), obtaining the total biomass for the forest type with
predominance of bamboo.
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To determine the loss of carbon stocks, biomass values above- and belowground
were multiplied by the average proportion of carbon in dry biomass as determined by da
Silva (2007). This proportion is 0.485.

The calculation of annual emissions included the secondary vegetation biomass
based on the mean biomass growth rate of secondary vegetation found in abandoned
cattle pastures in the municipalities of Paragominas and Altamira, Para (Fearnside and
Guimaraes 1996). The average age of secondary vegetation was considered to be five
years (Almeida 2009). Carbon was considered to represent 45% of the dry biomass of
secondary forest (da Silva 2007).

RESULTS
Comparisons among scenarios

The biggest difference between the scenarios occurred in the areas of secondary
vegetation, where the 1965 Scenario was 10.4% higher than the Baseline Scenario and
20.5% higher than the 2012 Scenario (Figure 5a). In the case of deforestation through
2025, the 2012 Scenario resulted in almost as much deforestation as the Baseline
Scenario (3616 km? and 3672 km?, respectively). The area deforested in the 1965
Scenario was 8.1% less than in the Baseline Scenario and 6.7% less than in the 2012
Scenario (Figure 5b).

[Figure 5 here]

The Baseline Scenario had the greatest reduction in forest cover by 2025 (1368.6
km?) followed by the 2012 Scenario (1236.3 km?) and the 1965 Scenario (1115 km?).
Average annual losses were 105.3 km? (Baseline Scenario), 95.1 km? (2012 Scenario)
and 85.8 km? (1965 Scenario) (Figure 5c).

Compared to the initial year of the modeling (2012), forest loss was 0.5%
(121.30 km?) lower in the 1965 Scenario than in the 2012 Scenario, and the loss in the
1965 Scenario was 1.2% (253.64 km?) lower than in the Baseline Scenario. The
increases in secondary vegetation of 45.4% (Baseline Scenario), 62.4% (1965 Scenario)
and 15.6% (2012 Scenario) represent, respectively, 8.9 km?, 12.3 km? and 3.1 km? The
difference in the increase of the deforested areas exceeds 10% when the 1965 Scenario
is compared to the other scenarios (297.01 km? relative to the Baseline Scenario and
240.93 km? relative to the 2012 Scenario) (Table 5).

[Table 5 here]
Comparisons among regions

In the initial year of the simulations (2012), 43% of the secondary vegetation
was located in the area of influence of roads (IR region). By 2025, the percentage of
secondary vegetation in this region increased to 62% in the Baseline Scenario and 73%
in the 2012 Scenario, while in the 1965 Scenario it remained stable at 44%. In the
buffers along rivers (RBs) and in the isolated areas (IAs) there was a reduction in
secondary vegetation in all scenarios as compared to 2012. In the APP region, there was
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an increase in secondary vegetation from 31% in 2012 to 48% in 2025 under the 1965
Scenario (Figure 6a).

[Figure 6 here]

The percentage of deforestation remained stable in all regions for the Baseline
Scenario and the 2012 Scenario. Only in the 1965 Scenario were there changes in
distribution of deforested areas among regions, indicating increases of 2% (RB) and 5%
(IR) and a reduction of 9% in the APP region (Figure 6b).

There was an increase in forest cover in conservation units (CUs), indigenous
lands (ILs) and isolated areas (IAs) in all three simulated scenarios due to the absence of
cutting secondary vegetation and, consequently, the steady growth of vegetation.
However, in the IR region there was a reduction in the area of forest due to the influence
of roads (Figure 6¢).

Estimates of carbon stocks and emissions

The largest reduction in carbon stocks occurred in the Baseline Scenario, a
reduction equivalent to 3.74% of the initial inventory (542.95 x 10° MgC). The 1965
Scenario had the smallest reduction (3.03%), followed by the 2012 Scenario (3.39%).
The smallest changes were observed in conservation units and indigenous lands, with
virtually no difference between the three scenarios. The largest reductions in carbon
stocks occurred in the region under the influence of roads (IR). In the APP region,
reduction in carbon stocks only occurred in the Baseline Scenario (Figure 7).

[Figure 7 here]

Annual carbon emission in each scenario grew until approximately the sixth
iteration (2019), after which it followed a constant pattern with a small decrease in the
last few years. Again, the 1965 Scenario had the lowest emission, with a peak of 1.39 x
10°MgC in 2023. The emission peaks for the Baseline Scenario and the 2012 Scenario
were, respectively, 1.65 x 10° MgC (2022) and 1.56 x 10° MgC (2024) (Figure 8).

[Figure 8 here]
DISCUSSION
Performance of the A-Eco model

The deforestation rate in Boca do Acre increased through 2010, stabilized in
2011 and 2012, followed by a decrease in 2013 and increases in 2014 and 2015 (Brazil,
INPE 2016). At the same time, secondary vegetation cutting represented an increase in
the use of abandoned or fallow areas between 2011 and 2012 that could have been
influenced by the paving of Highway BR-317, which was restarted in 2011 as part of
the federal government’s Second Program for the Acceleration Growth (PAC 2).
Improved infrastructure created an incentive for the farmers and ranchers to return to
use areas that were in the process of regeneration. Highway BR-317 from Rio Branco,
Acre to Boca do Acre, Amazonas was completely paved in August 2012, except for the
parts where the highway passes through indigenous lands. In fact, the growth of
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deforestation in 2010 was already associated with the possibility of paving the highway
(Piontekowski et al. 2011).

Even with the overestimate of secondary vegetation, our model can be
considered good if compared with models in other studies (Table 6). For a margin of
error of 150 m our model produces a minimum of 51% similarity.

[Table 6 here]
The role of respect for the law

Forest loss expected in the Baseline Scenario (Figure 6¢) is due to continued
violation of the law. In this scenario, forest cutting was governed only by rates and
weights of evidence from recent years calculated for each region. A similar condition is
expected if the new legislation is not accompanied by policies to encourage the
reduction of deforestation and if the law is not better enforced than was the case under
the previous Forest Code. By itself, the law is not able to change reality (Breda et al.
2011). One way to ensure the effectiveness of the Forest Code may be through public
policies that value more sustainable methods of production and facilitate and promote
oversight. Although the 1965 Forest Code was widely disobeyed, it included two
important instruments for protecting forests, water resources, soil and biodiversity:
areas of permanent preservation (APPs) and legal reserves; these continue in the 2012
Forest Code.

Another aggravating factor for compliance with the Forest Code in Amazonia is
the lack of delimitation of rural properties (Sparoveck et al. 2011), which generates
insecurity from risk of land invasion either by small squatters or by large “land
grabbers” (grileiros). In recent years, the federal government’s Legal Land Program
(Programa Terra Legal) has tried to carry out delimitation and regularization of land
holdings, but so far without success in the municipality of Boca do Acre. Expectations
for delimiting properties are now focused on the Rural Environmental Register (CAR),
which is a mechanism required by Law 12,651/2012. As a prerequisite for regularizing
areas that were deforested illegally prior to July 2008, the CAR requires delimitation of
each property and its respective APPs and legal reserve (80% of each property in
Amazonia). The CAR consists of an electronic register that was conceived to assist
environmental and economic planning, the control and monitoring of rural areas and the
recovery of degraded areas (Laudares et al. 2014). Joining the CAR should have
happened within two years after the enactment of the 2012 Forest Code (i.e., by 25 May
2014), but progress was modest by that date in Boca do Acre.

An unsuccessful attempt to achieve a similar delimitation of legal reserves and
APPs was made through Decree 6514/2008, which required the recording of the legal
reserve in the same period but did not offer a benefit (“amnesty”) to landholders, instead
specifying punishment by fines for non-compliant properties. The result of the
widespread non-compliance was that the government reissued the decree each year until
the revised Forest Code was adopted in 2012.

An important problem caused by pardoning (‘“amnesty”) of illegal deforestation
prior to 2008 is that it engenders the expectation that landowners can clear illegally and
then later get the illegal deforestation “regularized” or “legalized.” “Amnesties” like this
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weaken public belief in the need to respect legislation, undermining the rule of law
(Fearnside 2010). Ironically, proponents of the 2012 revision of the Forest Code argued
that the previous Forest Code was widely disobeyed, whereas the revised Code would
be respected, thereby making it a positive step for the environment. However, the
“amnesty” included in the revision represents the seed of the very disrespect for law that
the revision proponents claimed would end. Ever since its colonial past, Brazil has had a
long tradition of having many laws “on the books” that are not enforced or obeyed, and
the general assumption in many countries that what is written in law will be
automatically translate into actual behavior does not apply (Rosenn 1971). This results
in a continual testing of the limits of compliance with any new law and an ability to find
ways of circumventing restrictions by informal means (the Brazilian “jeito”). This has
profound consequences for efforts to control deforestation (Fearnside 1979, 2001).

Secondary vegetation and deforestation leakage

There was a large difference between our simulated scenarios in relation to
secondary vegetation (Figures 5b and 6a). This was associated with prohibition of
cutting in the APP region. Despite displacement of deforestation from the APPs to other
land categories in the form of cutting secondary vegetation, regeneration on the banks of
watercourses was intense in the 1965 Scenario (Figure 9). In the 2012 scenario, the
situation was reversed because cutting secondary vegetation was permitted in the
portions of the APPs with deforestation before 2008 (the “APP2008” region). This had
a direct influence on the distribution of deforestation among the regions. In the 1965
Scenario, deforestation increased in the “river buffer” (RB) region and decreased in the
“APP region” (Figure 6b).

[Figure 9 here]

The value of this information is notable in light of the functions and importance
of the areas of permanent preservation on the banks of watercourses. Maintenance of
vegetation in riparian areas has social, economic and ecological consequences even
though this is predominantly secondary vegetation. Over the long term, the secondary
vegetation will turn into forest. Additionally, much of the illegally cleared vegetation
that will not be recovered under the 2012 law is located in wetlands that account for
about 30% of Amazonia and provide environmental services such as groundwater
recharge, regulation of biogeochemical cycles and maintenance of carbon stocks. In
addition, these areas serve as habitat for fauna and provide vital services for the human
populations (Piedade et al. 2012). If the annual flood pulses become higher, the natural
process of methane release by wetlands (Singh et al. 2000) would be intensified.
Increased flood peaks are predicted in western Amazonia as a result of climate change
(Zulkafli et al. 2016).

The secondary vegetation itself has an important role in absorbing greenhouse
gases (Fearnside 1996), as can be seen in the last years of the simulation where there
was a reduction in emissions (Figure 8). This drop is a result of increased regeneration
and, consequently, higher carbon absorption by the vegetation. Even with the increased
deforestation and with the cutting rates for secondary vegetation imposed in the 1965
and 2012 Scenarios, emissions were, respectively, 0.04 x 10° MgC and 0.02 x 10° MgC
lower in 2025 as compared to 2024. The increasing importance of carbon uptake by
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secondary vegetation at the very end of the simulation would probably continue were a
longer time period considered.

Effects of forest protection

The largest deforestation and carbon stock losses were related to the influence of
roads (IR), since the presence and the paving of highways are factors that are attractive
to deforestation (e.g., Soares-Filho et al. 2004) (Figure 6b). In the 1965 Scenario, 79%
of the carbon emissions occurred in the IR region, while in the Baseline Scenario 70%
of the emissions occurred in the APP region and in the 2012 Scenario 77% occurred in
the river buffer (RB) region (Figure 9).

On the other hand, in the protected areas (CU and IL regions) and in the isolated
areas (IAs), the proportion of forest increased (Figure 6¢), and the reduction in carbon
stock was lower (Figure 7). Conservation units and indigenous lands have an important
role in storing carbon and in blocking deforestation (e.g., Nepstad et al. 2006; Soares-
Filho et al. 2010). Our model had no restriction on deforestation in protected areas,
deforestation activity being governed by observed historical rates, which were low in
these areas.

Comparing the three scenarios, it is evident that complying with the legislation is
important for reducing deforestation and greenhouse-gas emissions. If the 1965 Forest
Code had been supported by more efficient public policies and had been fully complied
with, it would have further guaranteed the protection of the country's forests, soils,
biodiversity and water resources. This, of course, is no longer a real option. Regarding
the 2012 Code, there are still no arguments that can ensure that it will be respected.

Policy implications

In view of the results, when considering deforestation or emissions and
protection of fragile areas, maintenance of Law 4771/1965 would have been the best
option, provided that it were enforced. The scenario based on maintenance of activities
without improvements in the implementation of laws had the worst prospects. Only
changing the legislation does not imply the best performance, especially when it
encourages impunity, as is expected to result from the “amnesty” that the new Forest
Code granted for 43 years of violations under the previous Forest Code (Fearnside
2010; IPAM 2011; Roriz and Fearnside 2015). The law only serves as a reference for
what should or should not be done. Endless repetition of claims that the 2012 Forest
Code will be enforced and obeyed do not make this happen in practice.

The main policy implication of the present study’s results is that the Brazilian
government needs to undertake a large-scale and immediate effort to enforce the current
Forest Code. This is not what is happening in practice. Brazil’s commitment under the
Climate Convention’s 2015 Paris Accords does not foresee eliminating “illegal
deforestation” until 2030 (Brazil 2015, p. 3). A constitutional amendment (No. 95,
formerly PEC-55) enacted in 2016 freezes the federal budget for the next 20 years, with
only education and health (not environment) guaranteed a minimal level of support
(Brazil 2016). The federal budget for the Ministry of Environment was cut by 43% in
2017 (Dasgupta 2017).
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CONCLUSION

The scenario with full protection of the Areas of Permanent Preservation (APPs)
on the banks of watercourses under the 1965 Forest Code (Law 4771/1965) showed
better results in curbing deforestation and in maintaining carbon stocks, in sequestering
carbon and in mitigating climate change than did the 2012 Forest Code (Law
12,651/2012). However, if the 2012 Forest Code were fully enforced, it would result in
lower rates of deforestation and emissions as compared to the Baseline Scenario
(observed historical behavior without obeying either Forest Code). Within the
parameters analyzed in this study, the greatest problem with the 2012 Forest Code is the
weakening of protection of forest/river transition ecosystems, such as floodplains. The
results indicate the need for concerted government action to enforce the current (2012)
Forest Code.

ACKNOWLEDGMENTS

We thank Coordenacdo de Aperfeicoamento de Pessoal do Nivel Superior (CAPES),
Conselho Nacional do Desenvolvimento Cientifico e Tecnologico (CNPq: Proc.
304020/2010-9; 573810/2008-7), Fundac¢do de Amparo a Pesquisa do Estado do
Amazonas (FAPEAM: Proc. 708565) and the Instituto Nacional de Pesquisas da
Amazonia (INPA: PRJ15.125) for financial support. This article is a contribution of the
Brazilian Research Network on Global Climate Change, FINEP/ Rede CLIMA Grant
Number 01.13.0353-00. We thank the Rio Branco base of the Instituto Nacional de
Pesquisas da Amazodnia for logistical support.

REFERENCES

Almeida, C.A. 2009. Estimativa da area e do tempo de permanéncia da vegetacao
secundaria na Amazonia Legal por meio de imagens Landsat/TM. 129 pp.
(INPE-15651-TDI/1429). Master’s dissertation in remote sensing. Instituto
Nacional de Pesquisas Espaciais, Sao José dos Campos, SP, Brazil.
http://urlib.net/sid.inpe.br/mtc-m18@80/2008/11.04.18.45

Alves Sobrinho, T.; Oliveira, P.T.S.; Rodrigues, D.B.B.; Ayres, F.M. 2010. Delimitagéo
automatica de bacias hidrograficas utilizando dados SRTM. Engenharia
Agricola 30(1): 46-57. doi: 10.1590/S0100-69162010000100005.

Bamni, P.E.; Fearnside, P.M.; Graga, P.M.L.A. 2015. Simulating deforestation and
carbon loss in Amazonia: impacts in Brazil's Roraima state from reconstructing
Highway BR-319 (Manaus-Porto Velho). Environmental Management 55(2):
259-278. doi: 10.1007/s00267-014-0408-6

Brazil. 2012. Lei n® 12.651, de 25 de maio de 2012.
http://www.planalto.gov.br/ccivil 03/ ato2011-2014/2012/1ei/112651.htm

Brazil. 2015. Intended Nationally Determined Contribution towards Achieving the
Objective of the United Nations Framework Convention on Climate Change. 10
pp.
http://www4.unfccc.int/submissions/INDC/Published%20Documents/Brazil/1/B
RAZIL%20iINDC%?20english%20FINAL.pdf

Brazil. 2016. Emenda Constitucional No. 95. Diario Oficial da Unido, N° 241, Section
1, p. 2. 16 December 2016.
http://pesquisa.in.gov.br/imprensa/jsp/visualiza/index.jsp?jornal=1&pagina=2&d
ata=16/12/2016



713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761

16

Brazil, IBGE (Instituto Brasileiro de Geografia e Estatistica). 1992. Mapa de vegetacdo
do Brasil (1992). Scale: 1:5,000,000.
http://mapas.mma.gov.br/geonetwork/srv/br/metadata.show?id=83

Brazil, IBGE (Instituto Brasileiro de Geografia e Estatistica). 2004. Mapa de Biomas do
Brasil. Scale: 1:5,000,000. IBGE, Rio de Janeiro, RJ, Brazil.
ftp://ftp.ibge.gov.br/Cartas e Mapas/Mapas Murais/

Brazil, IBGE (Instituto Brasileiro de Geografia e Estatistica). 2011. Pecuaria.
http://www.ibge.gov.br/cidadesat/comparamun/compara.php?coduf=13&idtema
=98&codv=v01&order=dado&dir=desc&lista=uf&custom=. Accessed: 22 July
2013.

Brazil, INPE (Instituto Nacional de Pesquisas Espaciais). 2016. Projeto PRODES.
http://www.obt.inpe.br/prodes/index.php. Accessed: 13 November 2016.

Brazil, MMA (Ministério do Meio Ambiente). 2015. Cadastro Nacional de Unidades de
Conservacdo. MMA, Brasilia, DF, Brazil. http://www.mma.gov.br/areas-
protegidas/cadastro-nacional-de-ucs/mapas

Breda, M.; de Souza, M.F.R.; Siqueira, J. 2011. A reforma do Codigo Florestal:
Reflexao, Inovagdes e Perspectivas. Informativo STPC 14: 15-18.

Dasgupta, S. 2017. Brazil slashes environment budget by 43%. Mongabay 7 April 2017.
https://news.mongabay.com/2017/04/brazil-slashes-environment-budget-by-43/

da Silva, R.P. 2007. Alometria, estoque e dindmica da biomassa de florestas primdrias
e secundarias na regido de Manaus (AM). Doctoral thesis. Instituto Nacional de
Pesquisas da Amazonia, Manaus, Amazonas, Brazil. 152 pp.
https://www.inpa.gov.br/arquivos/Tese_Biomassa Roseana_Silva.pdf

de Marco Jr. P.; Coelho, F.M. 2004. Services performed by the ecosystem: forest
remnants influence agricultural cultures' pollination and production. Biodiversity
and Conservation 22(2): 439-449. doi: 10.1023/B:BIOC.0000019402.51193.¢e8

de Oliveira, A.C.A. 2000. Efeitos do Bambu Guadua weberbaueri Pilger sobre a
Fisionomia e Estrutura de uma Floresta no Sudoeste da Amazonia. Masters’
dissertation in ecology. Instituto Nacional de Pesquisas da Amazonia
(INPA)/Universidade Federal do Amazonas (UFAM), Manaus, Amazonas,
Brazil, 71 pp.

Fearnside, P.M. 1979. The development of the Amazon rain forest: Priority problems
for the formulation of guidelines. Interciencia 4(6): 338-343.

Fearnside, P.M. 1996. Amazonian deforestation and global warming: Carbon stocks in
vegetation replacing Brazil’s Amazon forest. Forest Ecology and Management
80: 21-34. doi: 10.1016/0378-1127(95)03647-4

Fearnside, P.M. 2001. Land-tenure issues as factors in environmental destruction in
Brazilian Amazonia: The case of southern Para. World Development 29(8):
1361-1372. doi: 10.1016/S0305-750X(01)00039-0

Fearnside, P.M. 2010. Cédigo Florestal: As perdas invisiveis. Ciéncia Hoje 46(273): 66-
67. http://cienciahoje.uol.com.br/revista-
ch/2010/273/pdf fechado/opiniao273.pdf

Fearnside, P.M. 2016. Brazilian politics threaten environmental policies. Science 353:
746-748. doi: 10.1126/science.aag0254

Fearnside, P.M. 2017. Resurgence of Amazon deforestation. Yale Environment 360.
(forthcoming).

Fearnside, P.M.; Figueiredo, A.M.R. 2016. China’s influence on deforestation in
Brazilian Amazonia: A growing force in the state of Mato Grosso. In: Ray, R.;
Gallagher, K.; Lopez, A.; Sanborn, C. (Eds). China and Sustainable



762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810

17

Development in Latin America: The Social and Environmental Dimension.
Anthem Press, New York, U.S.A., pp. 229-265.

Fearnside, P.M.; Gragca, P.M.L.A.; Keizer, E.W.H.; Maldonado, F.D.; Barbosa, R.1.;
Nogueira, E. M. 2009. Modelagem de desmatamento e emissdes de gases de
efeito estufa na regido sob influéncia da Rodovia Manaus-Porto Velho (BR-
319). Revista Brasileira de Meteorologia 24(2): 208-233. doi: 10.1590/S0102-
77862009000200009 [English translation available at:
http://philip.inpa.gov.br/publ_livres/mss%20and%20in%20press/RBMET-BR-
319 -engl.pdf].

Fearnside, P.M.; Guimaraes, W.M. 1996. Carbon uptake by secondary forests in
Brazilian Amazonia. Forest Ecology and Management 80: 335-346. doi:
10.1016/0378-1127(95)03648-2

Gehring, C.; Park, S.; Denich, M. 2004. Liana allometric biomass equations for
Amazonian primary and secondary forest. Forest Ecology and Management 195:
69-83. doi: 10.1016/j.foreco.2004.02.054

Graga, P.M.L.A.; Yanai, A.M. 2008. Analise da dinamica espacial de vegetacao
secundaria na regido de Samuel (RO), a partir de dados multitemporais de
Landsat-TM no periodo de 1998 a 2007. In: Conferéncia do Subprograma de
Ciéncia e Tecnologia SPC&T Fase II/PPG?7. Conselho Nacional do
Desenvolvimento Cientifico e Tecnologico (CNPq), Brasilia, DF, Brazil. pp. 56-
59. http://centrodememoria.cnpq.br/Anais-SPCT.pdf

He, J.; Liu, Y.; Yu, Y.; Tang, W.; Xiang, W.; Liu, D. 2013. A counterfactual scenario
simulation approach for assessing the impact of farmland preservation policies
on urban sprawl and food security in a major grain-producing area of China.
Applied Geography 37: 127-138. doi: 10.1016/j.apgeog.2012.11.005

Hess, L.L.; Melack, J.M.; Novo, E.M.L.M.; Barbosa, C.C.F.; Gastil, M. 2003. Dual-
season mapping of wetland inundation and vegetation for the central Amazon
basin. Remote Sensing of Environment 87: 404-428.
doi:10.1016/j.rse.2003.04.001

Hess, L.L.; Melack, J.M.; Novo, E.M.L.M.; Barbosa, C.C.F.; Gastil, M. 2012. LBA-
ECO LC-07 JERS-1 SAR Wetlands Masks and Land Cover, Amazon Basin:
1995-1996. ORNL DAAC, Oak Ridge, Tennessee, U.S.A. doi:
10.3334/ORNLDAAC/1079

IPAM (Instituto de Pesquisa Ambiental da Amazoénia). 2011. Reforma do Codigo
Florestal: qual o caminho para o consenso? IPAM, Brasilia, DF, Brazil. 14 pp.
http://ipam.org.br/bibliotecas/reforma-do-codigo-florestal-qual-o-caminho-para-
o-consenso/

Lambin, E.F. 1994. Modelling deforestation processes: A review. TREES Series B.
Research Report 1. European Commission, Brussels, Belgium. 132 pp.
https://bookshop.europa.eu/en/modelling-deforestation-processes-
pbCLNA15744/downloads/CL-NA-15-744-EN-

C/CLNA15744ENC _001.pdf?FileName=CLNA15744ENC_001.pdf&SKU=CL
NA15744ENC_PDF&CatalogueNumber=CL-NA-15-744-EN-C

Laudares, S.S.A.; Silva, K.G. da; Borges, L.A.C. 2014. Cadastro Ambiental Rural: uma
analise da nova ferramenta para regularizagdo ambiental no Brasil.
Desenvolvimento e Meio Ambiente 31: 111-122. doi: 10.5380/dma.v31i0.33743

Lopes, R.J. 2011. Datafolha indica que 80% rejeitam corte de protecdo a matas. Folha
de Sdo Paulo 13 June 2011. http://www 1 .folha.uol.com.br/ambiente/929142-
datafolha-indica-que-80-rejeitam-corte-de-protecao-a-matas.shtml



811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859

18

Martinelli, L.A. 2011. Block changes to Brazil's Forest Code. Nature 474: 579-579. doi:
10.1038/474579a

Martinelli, L.A.; Joly, C.A.; Nobre, C.A.; Sparovek, G. 2010. A falsa dicotomia entre a
preservacao da vegetagdo natural e a producdo agropecuaria. Biota Neotropica
10(4): 323-330. doi: 10.1590/s1676-06032010000400036.

Metzger, J.P.; Lewinsohn, T.M.; Joly, C.A.; Verdade, L.M.; Martinelli, L.A.;
Rodrigues, R.R. 2010. Brazilian law: Full speed in reverse? Science 329: 276-
277. doi: 10.1126/science.329.5989.276-b

Michalski, F.; Norris, D.; Peres, C.A. 2010. No return from biodiversity loss. Science
329: 1282-1282. doi: 10.1126/science.329.5997.1282-a

Nelson, B.W.; de Oliveira, A.C.; Vidalenc, D.; Smith, M.; Bianchini, M.C.; Nogueira,
E.M. 2006. Florestas dominadas por tabocas semi-escandentes do género
Guadua, no sudoeste da Amazonia. In: Anais do Seminario Nacional de Bambu.
Faculdade de Arquitetura e Urbanismo, Universidade de Brasilia, Brasilia, DF,
Brazil, pp. 49-55.

Nelson, B.W.; Mesquita, R.; Pereira, J.L.G.; Souza, S.G.A.; Batista, G.T.; Couto, L.B.
1999. Allometric regressions for improved estimate of secondary forest biomass
in the central Amazon. Forest Ecology and Management 117: 149-167. doi:
10.1016/S0378-1127(98)00475-7

Nepstad, D.C.; Schwartzman, S.; Bamberger, B.; Santilli, M.; Ray, D.; Schlesinger, P.;
Lefebvre, R.; Alencar, A.; Prinz, E.; Fiske, G.; Rolla, V. 2006. Inhibition of
Amazon deforestation and fire by parks and indigenous lands. Conservation
Biology 20: 65-73. doi: 10.1111/5.1523-1739.2006.00351.x.

Nogueira, E.M.; Fearnside, P.M.; Nelson, B.W.; Barbosa, R.L.; Keizer, E.W. 2008a.
Estimates of forest biomass in the Brazilian Amazon: New allometric equations
and adjustments to biomass from wood-volume inventories. Forest Ecology and
Management 256: 1853-1867. doi: 10.1016/j.foreco.2008.07.022

Nogueira, E.M.; Nelson, B.W_; Fearnside, P.M.; Franca, M.B.; Oliveira, A.C.A. de
2008b. Tree height in Brazil’s “arc of deforestation”: Shorter trees in South and
southwest Amazonia imply lower biomass. Forest Ecology and Management
255:2963-2972. doi: 10.1016/j.foreco.2008.02.002

Piedade, M.T.F.; Junk, W.J.; de Sousa Jr., P.T.; da Cunha, C.N.; Schongart, J.;
Wittmann, F.; Candotti, E.; Girard, P. 2012. As areas timidas no ambito do
Codigo Florestal Brasileiro. In: Souza, G.; Juca, K.; Wathely, M. (Eds). Codigo
Florestal e a Ciéncia: o que nossos legisladores ainda precisam saber. Comité
em Defesa das Florestas e do Desenvolvimento Sustentavel, Brasilia, DF, Brazil.
pp. 9-17.
http://www.mpsp.mp.br/portal/page/portal/cao_criminal/Boas_praticas/Relacao
Projetos/projetoflorestarl/revista_codigo florestal e a ciencia.pdf

Piontekowski, V.J.; da Silva, S.S.; Pinheiro, T.S.; Costa, F.C.; Mendoza, E.R.H. 2011.
O avango do desflorestamento no municipio de Boca do Acre, Amazonas:
Estudo de caso ao longo da BR-317. In: Anais XV Simposio Brasileiro de
Sensoriamento Remoto, Curitiba, Brasil 201 1. Instituto Nacional de Pesquisas
Espaciais (INPE), Sao José dos Campos, Sao Paulo, Brazil, pp. 3021- 3028.
http://www.dsr.inpe.br/sbsr201 1/files/p1430.pdf

Rebelo, A. 2010. Parecer do relator deputado federal Aldo Rebelo (PCdoB-SP) ao
Projeto de Lei n° 1876/99 e apensados. Camara dos Deputados, Brasilia, DF,
Brazil. 270 pp. http://principo.org/parecer-do-relator-deputado-federal-aldo-
rebelo-pcdob-sp-ao-pr.html?page=4



860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908

19

Reich, M.; Francelino, M.R. 2012. Avaliagdo do potencial de recuperacdo de areas
alteradas em Areas de Protegdo Permanente de cursos d’agua no municipio de
Rio Branco, Acre. Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais
7(2): 157-168. http://www.museu-
goeldi.br/editora/bn/artigos/cnv7n2_2012/avaliacao(reich).pdf

Rodrigues, H.O.; Soares-Filho, B.S; Costa, W.L.S. 2007. Dinamica EGO, uma
plataforma para modelagem de sistemas ambientais. In: Anais do XIII Simposio
Brasileiro de Sensoriamento Remoto (SBSR), 13, 2007, Floriandpolis, SC,
Brasil. Instituto Nacional de Pesquisas Espaciais (INPE), Sao José dos Campos,
Sao Paulo, Brazil. pp. 3089- 3096.
http://marte.dpi.inpe.br/col/dpi.inpe.br/sbsr@80/2006/11.06.17.59/doc/3089-
3096.pdf

Roriz, P.A.C.; Fearnside, P.M. 2015. A construcao do Cédigo Florestal Brasileiro e as
diferentes perspectivas para a protecao das florestas. Novos Cadernos NAEA
18(2): 51-68. http://www.periodicos.ufpa.br/index.php/ncn

Rosenn, K.S. 1971. The jeito: Brazil's institutional bypass of the formal legal system
and its development implications. The American Journal of Comparative Law
19(3): 514-549.doi: 10.2307/839559

Rykiel, E.J., Jr. 1996. Testing ecological models: The meaning of validation. Ecological
Modelling 90: 229-244. doi: 10.1016/0304-3800(95)00152-2

Singh, S.N.; Kulshreshtha, K.; Agnihotri, S. 2000. Seasonal dynamics of methane
emission from wetlands. Chemosphere 2: 39—46. doi: 10.1016/S1465-
9972(99)00046-X

Soares-Filho, B.S; Alencar, A.; Nepstad, D.; Cerqueira, G.; Diaz, M.C.V.; Rivero, S.;
Soloérzanos, L.; Voll, E. 2004. Simulating the response of land-cover changes to
road paving and governance along a major Amazon highway: The Santarém-
Cuiaba corridor. Global Change Biology 10: 745-764.

Soares-Filho, B.S.; Cerqueira, G.C.; Pennachin, C.L. 2002. DINAMICA — a stochastic
cellular automata model designed to simulate the landscape dynamics in an
Amazonian colonization frontier. Ecological Modelling 154: 217-235. doi:
10.1016/S0304-3800(02)00059-5

Soares-Filho, B.S.; Moutinho, P.; Nepstad, D.; Anderson, A.; Rodrigues, H.,; Garciaa,
R.; Dietzsch, L.; Merry, F.; Bowman, M.; Hissa, L.; Silvestrini, R.; Maretti, C.
2010. Role of Brazilian Amazon protected areas in climate change mitigation.
Proceedings of the National Academy of Sciences of the USA 17(24): 10821-
10826. doi: 10.1073/pnas.0913048107

Soares-Filho, B.S.; Nepstad, D.; Curran, L.;Voll, E.; Cerqueira, G.; Garcia, R.A.;
Ramos, C.A.; Mcdonald, A; Lefebvre, P.; Schlesinger, P. 2006. Modelling
Conservation in the Amazon Basin. Nature 440: 520-523. doi:
10.1038/nature04389

Soares-Filho, B.; Rajdo, R.; Macedo, M.; Carneiro, A.; Costa, W.; Coe, M.; Rodrigues,
H.; Alencar, A. 2014. Cracking Brazil’s Forest Code. Science 344: 363-364. doi:
10.1126/science.1246663

Soares-Filho, B.S.; Rodrigues, H.O.; Costa, W.L. 2009. Modelagem de Dindmica
Ambiental com Dinamica EGO. Centro de Sensoriamento Remoto. Universidade
Federal de Minas Gerais. Belo Horizonte, MG, Brazil. 116 pp.
http://www.csr.ufmg.br/dinamica/

Sombroek, W. 2001. Spatial and temporal patterns of Amazon rainfall. Ambio 30(7):
388-396. doi: 10.1579/0044-7447-30.7.388



909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958

20

Sparovek, G.; Barreto, A.; Klug, I.; Papp, L.; Lino, J. 2011. A revisao do Cédigo
Florestal Brasileiro. Novos Estudos 89: 111-135. doi: 10.1590/S0101-
33002011000100007

Sparovek, G.; Berndes, G.; Barreto, A.G.O.P.; Klug, I.L.F. 2012. The revision of the
Brazilian Forest Act: Increased deforestation or a historic step towards balancing
agricultural development and nature conservation? Environmental Science and
Policy 16: 65-72. doi: 10.1016/j.envsci.2011.10.008

Teixeira, G.G.; Soares-Filho, B.S. 2009. Simula¢do da tendéncia do desmatamento nas
Cabeceiras do Rio Xingu, Mato Grosso — Brasil. In: Anais XIV Simposio
Brasileiro de Sensoriamento Remoto, Natal, Brasil 2009. Instituto Nacional de
Pesquisas Espaciais (INPE), Sdo José dos Campos, Sdo Paulo, Brazil. pp. 5483-
5490.
http://marte.sid.inpe.br/col/dpi.inpe.br/sbsr@80/2008/11.16.17.40/doc/5483-
5490.pdf

Tundisi, J.G.; Tundisi, T.M. 2010. Impactos potenciais das alteragcdes do Codigo
Florestal Brasileiro nos recursos hidricos. Biota Neotropica 10(4): 67-75.
http://www.biotaneotropica.org.br/v10n4/pt/abstract?article+bn01110042010

Vasconcelos, S.S.; Fearnside, P.M.; Graca, P.M.L.A.; Nogueira, E.M.; Oliveira, L.C.;
Figueiredo, E.O. 2013. Forest fires in southwestern Brazilian Amazonia:
Estimates of area and potential carbon emissions. Forest Ecology and
Management 291: 199-209. doi: 10.1016/j.rse.2013.05.005

Ventana Systems Inc. 2007.Vensim from Ventana Systems Inc., Belmont,
Massachusetts, U.S.A. http://www.vensim.com/

Vieira, 1.C.G.; Becker, B.K. 2010. A revisdo do Codigo Florestal e o desenvolvimento
do pais. Ciéncia Hoje 46(274): 64-67.
http://www.cienciahoje.org.br/revista/materia/id/452/n/a_revisao_do codigo flo
restal e o desenvolvimento do pais

Vitel, C.S.M.N. 2009. Modelagem da dinamica do desmatamento de uma fronteira em
expansdo, Labrea, Amazonas. Dissertacdo de Mestrado. Instituto Nacional de
Pesquisas da Amazodnia (INPA), Manaus, Amazonas, Brazil. 120 pp.
http://bdtd.inpa.gov.br/handle/tede/2084

White, R.; Engelen, G. 2000. High-resolution integrated modelling of the spatial
dynamics of urban and regional systems. Computers, Environment and Urban
Systems 24: 383-400.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.456.5056 &rep=rep1 &
type=pdf

Yanai, A.M.; Fearnside, P.M.; Graga, P.M.LA. 2011. Desmatamento no sul do
Amazonas: Simulagdo do efeito da criacdo da Reserva de Desenvolvimento
Sustentavel do Juma. In: Anais XV Simpdsio Brasileiro de Sensoriamento
Remoto, Curitiba, Brasil 201 1. Instituto Nacional de Pesquisas Espaciais
(INPE), Sao José dos Campos, Sdo Paulo, Brazil, pp. 6193-6200.
http://www.dsr.inpe.br/sbsr2011/files/p1076.pdf.

Yanai, A.M.; Fearnside, P.M.; Graga, P.M.L.A.; Nogueira, E.M. 2012. Avoided
deforestation in Brazilian Amazonia: Simulating the effect of the Juma
Sustainable Development Reserve. Forest Ecology and Management 282: 78-91.
doi: 10.1016/j.foreco.2012.06.029

Zulkafli, Z.; Buytaert, W.; Manz, B.; Rosas, C.V.; Willems, P.; Lavado-Casimiro, W.;
Guyot, J-L.; Santini, W. 2016. Projected increases in the annual flood pulse of
the Western Amazon. Environmental Research Letters 11: 014013. doi:
10.1088/1748-9326/11/1/014013



1
2

O NOUL bW

Table 1. Comparison between the 1965 and 2012 Forest Codes

Characteristic

1965 Forest Code

2012 Forest Code

Assumed relationship
between forest and
agriculture

Assumed priority for
increasing production

Dimensions of APPs
along the edges of
watercourses

Requirement for
restoration of illegally
cleared APPs along the
edges of watercourses

APP included in the
percentage of the legal
reserve

APP around non-
perennial springs

APP in wetlands

Provision for
compensating elsewhere
for clearing in the Legal
Reserve

Legal Reserve restoration

using exotic species

Maintenance / restoration

of the legal reserve

Presence of forests is
necessary for the
maintenance of agricultural
activities

Production should increase
through use of
conservation techniques
and better technologies

Measure from the
maximum water level

Requirement depends on
the width of the
watercourse

Under certain special
conditions

Always required

Always required

Must be in the same
watershed

Only allowed in small
family farming properties

All properties must
maintain the legal reserve
and restore it if cut

Presence of forests is an
obstacle to expansion of
production

Production should increase
as the available area
increases

Measure from the “regular”
water level

Requirement depends on
the size of the property

Always included

Not required

Only required if declared
as “of social interest”

Must be in the same

biome®

Allowed in all properties

Properties with up to four
tax modules need not
restore it if cut by 2008

(1) Since 2004 much of Brazil’s planning has been based on division of the country
into six “biomes,” the “Amazonia biome” being the area where the original (pre-
Columbian) vegetation was predominantly Amazonian forest, although it also
includes enclaves of other vegetation types such as savannas (Brazil, IBGE

2004).



Table 2. Buffers built for APPs based on Law 12,651/2012.

Width of watercourse APP based on Law 12,651/2012 Buffer width
30 m (rivers up to 10 m in width) or 50 m
<30m (rivers 10 m to 50 m in width) 30m
30mto50 m 50 m 50m
50 mto 200 m 100 m 100 m
200 m to 600 m 200 m 200 m

> 600 m 500 m 500 m




Table 3. Regions used in the A-Eco model

Region Description of the Region
CuU Conservation units
IL Indigenous Lands

RB (River buffer)

IR (Influence of
roads)
IA (Isolated areas)

APP

APP2008

One-km buffer around the rivers with width > 30 m classified
in the land-cover map. This region considers deforestation by
the riverside dwellers (ribeirinhos) who inhabit the shores of
navigable rivers.

The southern and southwestern portions of the municipality,
which are under the influence of highways.

The northern and eastern portions of the municipality, which
are isolated geographically with no access by land.

Areas of permanent preservation (APPs) on the banks of
watercourses. This overrides all regions except CU and IR,
since the Forest Code does not apply in the same way to these
areas.

APP areas where deforestation took place before 2008. This
region was only used for the scenario that considers Law
12,651/2012.




Table 4. Quantitative validation the A-eco model applied to the study area.

Absolute difference Percentage
Class (Real map —Simulated map)  difference
(km?) (%)
Forest 2.475 0.33%
Deforestation 7.588 0.92%

Secondary vegetation -10.057 -12.63%




Table 5. Difference between the scenarios in 2025 and the initial (2012) map.

Class Basellr_\e 1965 Scenario 2012 Scenario
Scenario
Forest -6.5% -5.3% -5.8%
Deforestation 51.8% 39.5% 49.4%

Secondary vegetation 45.4% 62.4% 15.6%




Table 6. Validation of deforestation models built in Dinamica-EGO

Resolution Validation (%) Wl'ndow Margin of error Author
(pixels)
30m 51 5x5 150 m This study
250 m 23.1t073.8 1xland1lx11 - Yanai et al. 2011
100 m 59 - 1 km Teixeira and Soares-Filho 2009

500 m 54 5x5 - Vitel 2009
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Highlights

Brazil’s 1965 Forest Code was altered in 2012, decreasing environmental protections
Required “Areas of Permanent Preservation” (APPs) along watercourses were reduced
Simulation to 2025 in an Amazonian hotspot shows 10% more clearing under the new code

If the 2012 code is enforced there is 10% less deforestation than without enforcement
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