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ABSTRACT

This study assessed the dynamics of the land use and cover changes, deforestation trends and
the current status of the Legal Forest Reserves (LFR) and Permanent Protected areas (PPA) in
the Nova Bonal Sustainable Development Project (SDP) between 1997-2014. Deforestation
datasets and fieldwork were used in this analysis. Our results indicate that there was no trend
in the estimated deforestation rate dataset for the SDP, but there was a decreasing trend in
deforestation rates within its 10-km buffer zone, most likely due to the scarcity of native forests
in that area. The negative environmental area balance of PPA and LFR were observed within
the 10-km buffer zone of the SDP. Finally, we conclude that the alternative land and forest uses
enforced within the SDP are more effective for environmental conservation than the commonly
adopted land uses, especially pastures adopted by conventional colonization located around it.
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1. INTRODUCTION AND OBJECTIVES

The continued growth of the human population
associated with the quest for survival or increased
economic returns has led to the conversion of primary
forests into other land use types, resulting in a series
of changes in the environment. Deforestation in the
Brazilian Amazon has become a topic of international
interest due to the importance of the biome for
maintaining environmental, social and economic
benefits of global interest.

Several studies highlight the importance of forests
in maintaining environmental balance through the
ecosystem services available according to the type of
land use (Castro & Andrade, 2016; Kremen & Miles,
2012). Other studies refer to the importance of forests in
mitigating climate change resulting from deforestation
(Soares Filho et al., 2010; Zhang et al., 2015). Several
aspects have been investigated focusing on deforestation
and forest degradation (Alencar et al., 2015).

There are several causes of accelerated deforestation
in the Brazilian Amazon which include the expansion
of cattle ranching, cutting and burning agriculture,
logging (mostly illegal and predatory) and commercial
agriculture (Arraes et al., 2010; Fearnside, 1987, 2001;
Rivero et al., 2009). However, the agents and drivers
of deforestation may vary in different parts of the
Amazon region over time (Fearnside & Graga, 2006).

According to Fearnside (2005), the largest
variations in the deforestation rate are associated
with macroeconomic factors, such as the availability
of capital and the inflation rate. For Fearnside (2005),
this fact indicates that most deforestation is carried
out by those who invest in medium and large cattle
farms, and to a lesser extent by small farmers who are
based on their labor force. Large landowners are more
sensitive to economic changes, such as interest rates,
government subsidies for agricultural credit, inflation
rates, and land prices.

In another study, Fearnside (2006) states that generally
large and medium-sized landowners are primarily
responsible for deforestation in the Brazilian Amazon.
However, Fearnside (2006) warned that smallholders
can substantially contribute to deforestation in areas
where they are grouped.

In a study conducted in the state of Pard, Calandino
et al. (2012) investigated the contribution of rural

settlements to deforestation based on an analysis of
15% of the federal settlements in that state. The author
observed that there was greater deforestation in the
settlements than in the surrounding area. However,
when the protected areas (conservation units and
indigenous lands) were disregarded, their results
indicated lower average of annual deforestation rates
in settlements compared to the external area.

An analysis of settlements created in the Legal
Amazon over the decades indicates that more recently
established settlement projects showed a lower
deforestation rate compared to the older ones. In the
1990s the projects implemented an account for 32% of
the total area currently occupied by agrarian reform
in that region, while agrarian reform areas created
between 2000 and 2011 represent 44% of the total.
When analyzing the deforestation percentage in the
region, it was observed that 57% was concentrated
in those settlements established between 1990 and
1999 (Incra, 2014).

Additionally, rural settlements show a different
socioeconomic logic from large-scale agriculture
and other forms of capitalist production and are
responsive for the socioeconomic context to which
they belong. This socioeconomic context contributes
to maintaining integrating links with the society,
as Wanderley (2009) considered while assessing
family agriculture.

These facts only increase the analysis complexity
of the agents that induce deforestation in the Amazon,
since it may vary with the particularities of each
state or place. For example, deforestation in private
properties in the state of Para is related to factors such
as land grabbing and real estate speculation (Loureiro
& Pinto, 2005). On the other hand, settlements located
near major highways present a higher deforestation
rate (Barni et al., 2012; Rodrigues & Pinheiro, 2011).

Based on this controversy about the contribution to
deforestation by the agrarian reform settlements, this
study intended to assess the deforestation dynamics
within the Nova Bonal Sustainable Development
Project (PDS) and its surroundings. Additionally,
we evaluated the effectiveness of compliance with
the Brazilian Forest Code in the Legal Reserve
Areas and Permanent Preservation Areas (PPA) in
this project modality of man-to-field setting in the
Brazilian Amazon.
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2. MATERIALS AND METHODS

2.1. Identification and description of the study
area

The study area involved the Nova Bonal Sustainable
Development Project (SDP) and the zone of direct
influence in its surroundings. This modality of
sustainable development project was created by the
Ordinance/Incra/P no. 477 of November 4%, 1999,
which is considered of social and ecological interest
and oriented to support extractive populations for
the development of subsistence activities based on
extractivism, family agriculture, and other human
activities of low environmental impact. The Nova
Bonal SDP is located in the municipality of Senador
Guiomard and the surrounding area comprises
part of five municipalities: Senator Guiomard, Rio
Branco, Acrelandia, Placido de Castro and Porto
Acre (Figure 1).

An area of 11,674.9 hectares of Nova Bonal SDP

and another 91,799.3 hectares in its surroundings
(10-km buffer zone), totaling 103,474.2 hectares, were

considered in this study. In order to define the area
of direct influence (environment) of the Nova Bonal
SDP, it was considered that even though it is not a
Conservation Unit, it has a strong sustainability bias
that makes it possible to adopt the criteria for defining
the boundary established by Conama Resolution no.
13, of December of 1990, that disposes norms referring
to the activities developed around Conservation Units.
This Resolution determines that human activities in
an area with a radius of 10 km around conservation
units are subject to specific norms and restrictions.

The Nova Bonal SDP was created by Ordinance no.
21 of July 5%, 2005, published in the Official Gazette
no. 132 of July 12, 2005, Section 1, page 90, when the
Bonal Farm was purchased by the National Institute
of Colonization and Agrarian Reform (Incra). Prior
to the creation of the Nova Bonal SDP, the major
economic activity on that farm was latex extraction
from rubber trees. Due to the low price of rubber in
the national and international markets, peach palms
were subsequently planted for palmito/palm heart
commercialization, which became the main economic
activity on the farm until the end of the 90’s.
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Figure 1. Location of the Nova Bonal SDP and the 10-km buffer zone around it.
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In 1999, former farm employees who had been
dismissed in the late 1970s but had remained in the
area began to claim the farm for agrarian reform.
At the same time, the Incra worked together with the
Acre state government and materialized a model of
sustainable settlement in the Amazon region. Therefore,
the Sustainable Development Project was created with a
differentiated settlement modality, with the settlement
being preferentially geared to the sustainable use of the
forest by the populations with forestry vocation.

According to the field survey, 211 families are
currently living in the Nova Bonal SDP, and are mainly
engaged in latex extraction and peach palm planting
for palmito/palm heart production. The lots of each
producer within the farm mostly have approximately
8 hectares destined to agricultural production and
livestock, and 47 hectares located in a collective
forest reserve.

The study area (the Nova Bonal SDP and its 10-km
buffer zone) is part of Pedro Peixoto’s Directed Settlement
Project (PAD), created in 1977 through the expropriation
of land for land reform purposes. The Pedro Peixoto
PAD is the largest settlement project for agricultural
colonization in the state of Acre and one of the marks
of the official colonization of the Amazon along the
BR-364 highway (Acre, 2006).

2.2. Database

The spatial analyses were based on the deforestation
dataset available for 1997, 2003, 2006, 2009, 2012, and
2014, acquired from the Deforestation Monitoring
Program (Prodes) (Inpe, c2015) in vector format.
The drainage network and springs datasets acquired
from the Ecological-Economic Zoning database of the
state of Acre were prepared at a scale of 1:100,000 (Acre,
2006). Further details of the datasets used in this study
are presented in Table 1.

Table 1. Database used in this study.

American reference geodetic system of 1969 (Datum
SAD-69) was applied, which is a planimetric datum widely
used in Brazil. The data that were not in this system
were duly converted using the appropriate parameters
of cartographic projections and datum.

The deforestation maps classified by Prodes
showed a good level of accuracy. Piontekowski et al.
(2014) evaluated the accuracy of the deforestation
classification developed and conducted by the National
Institute of Space Research (Inpe) for the deforestation
monitoring program in the Amazon region (Prodes), and
compared to reference images (high spatial resolution)
acquired by the Spot satellite. Piontekowski et al. (2014)
estimated 93.3% accuracy of the mapping conducted
by Prodes-Inpe, which indicates high reliability of
the classification and of the estimated deforestation

numbers used in this study.

2.3. Data processing

The computational application used to manipulate
and generate these study results was the 10.2 version of
the ArcMap’ software program. Vector and matrix data
were used according to convenience for data processing.
When conversion of vector data to matrix data was
necessary, a resolution of 30 meters was adopted,
which corresponds to the original spatial resolution
of the Prodes/Inpe deforestation data.

2.4. Assessment of the deforestation dynamics
and the situation of legal reserves

From 1997 to 2014, we sought to identify deforestation
dynamics in the Nova Bonal SDP and its surroundings
(10-km buffer zone) using deforestation data provided
by the Prodes project (Inpe, c2015). Based on these data,
the deforestation dynamics in the Nova Bonal SDP and
its surroundings were compared and the deforestation

Data Description Scale/Resolution Format Data Source
1997 2003
Deforestation map Deforested/Non- 1:100,000 Vectorial (shapefile) 2006 2009 Inpe (Prodes)
deforested
20122014
Hydrography ma; 1:100,000 Vectorial (shapefile)
YELOSTAPIITap pef 2006 ZEE/AC
Map of springs 1:100,000

For all the georeferenced data, the UTM coordinate system, zone 19S and the South.
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data were also used to assess deforestation within the
Legal Reserve Areas.

The evaluation of the Legal Reserve Area was based
on deforestation data of 2014 and Law no. 12.651 0f 2012,
which establishes that all rural property located in the
Legal Amazon should maintain a minimum percentage
0f 80% of its area covered with native vegetation when
located in a forest area, without prejudice to applying
the rules for Permanent Preservation Areas.

2.5. Evaluation of Permanent Preservation Areas

The delimitation of the Permanent Preservation
Areas (PPA) was based on the limits established by the
Law no. 12.651 of 2012 and on the spatial data of the
drainage network (rivers and springs). The polygons
around the rivers and the springs were generated
from these data, which resulted in the PPA. No slope
greater than 45° were observed in the study area,
which is predominantly characterized by smooth
undulating relief.

According to Law no. 12.651, the rivers with a
width of less than 10 meters, as in the case of the

most rivers (igarapés) in the Nova Bonal SDP and its
surroundings, a buffer zone of 30 meters was adopted
on both sides to define the PPA. For springs (permanent
and intermittent), a minimum radius of 50 meters
was applied, which is considered a sufficient spatial
dimension to preserve them. Small artificial lakes
(reservoirs) were observed during our field study,
but they were not detected by the ZEE hydrographic
mapping of the state of Acre (Acre, 2006).

3. RESULTS AND DISCUSSION

3.1. Deforestation dynamics

The analysis of Prodes dataset (Table 2) showed
that approximately 143.5 hectares (annual average of
10.3 hectares) were deforested between 1997 and 2014
in the Nova Bonal SDP and 24,927.4 hectares (annual
average of 2,572.5 hectares of deforestation) in the
10-km buffer zone of its surroundings. There was no
substantial change in forest reduction within the Nova
Bonal SDP, while major changes in its surroundings
occurred between 1997 and 2006, with a substantial
decrease of native forests.

Table 2. Deforestation in the study area (Nova Bonal SDP and around a 10-km buffer zone) between 1997 and 2014.

Nova Bonal SDP 10-km buffer zone
Forest Deforestation Deforestation
Hectare % Hectare % Hectare Hectare

1997 10,029.60 85.9 1,645.30 14.10 49,619.80 54.1 42,179.53 45.9
2000 10,007.20 85.7 1,667.70 14.30 42,599.80 46.4 49,199.59 53.6
2001 10,002.00 85.7 1,672.80 14.30 39,218.20 42.7 52,581.17 57.3
2002 9,988.30 85.6 1,686.60 14.40 34,188.30 37.2 57,611.07 62.8
2003 9,982.00 85.5 1,692.90 14.50 32,102.80 35 59,696.54 65

2004 9,981.10 85.5 1,693.80 14.50 30,099.20 32.8 61,700.19 67.2
2005 9,975.40 85.4 1,699.50 14.60 26,952.80 29.4 64,846.51 70.6
2006 9,968.70 85.4 1,706.20 14.60 26,467.80 28.8 65,331.56 71.2
2007 9,958.10 85.3 1,716.80 14.70 25,977.60 28.3 65,821.79 71.7
2008 9,958.10 85.3 1,716.80 14.70 25,801.10 28.1 65,998.25 71.9
2009 9,940.20 85.1 1,734.70 14.90 25,554.60 27.8 66,244.75 72.2
2010 9,940.20 85.1 1,734.70 14.90 25,421.90 27.7 66,377.46 72.3
2011 9,928.00 85 1,746.90 15.00 25,196.50 27.4 66,602.81 72.6
2012 9,916,10 84.9 1,758.80 15.10 25,139.20 27.4 66,660.19 72.6
2013 9,896.90 84.8 1,778.00 15.20 24,895.90 27.1 66,903.50 72.9
2014 9,886.10 84.7 1,788.80 15.30 24,692.40 26.9 67,106.92 73.1

Total area 11,674.9 ha 91,799.3 ha
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The data series of annual deforestation rates
(Table 2) analyzed for the Nova Bonal SDP showed
a linear behavior and the Cox & Stuart (1955) test
indicates that there is no trend (0.6875 > 0.05) in the
data (Figure 2).

The deforestation data series for the Nova Bonal
SDP surrounding region have a linear trend behavior
(Figure 3), according to the Cox & Stuart (1955) test
(0.01565 < 0.05).

The results of the data series analysis indicate low
and stable deforestation rates within the Nova Bonal
SDP, estimated at approximately 1% increase between
1997 and 2014. This deforestation rate is expected
to meet the demand for implementing the allowed
subsistence cropping activities in that project area,
which indicates a good level of forest conservation.

0,25

The results of the deforestation data in the 10-km
buffer zone of the Nova Bonal SDP indicate that there
is a tendency to reduce deforestation rates in the study
period. Based on our field observations, a reduction in
the deforestation rates were expected because most of the
remaining native forests had been clear-cut as a result
of the intense process of pasture expansion especially
observed between 1997 and 2005. This land use change
process led to a substantial reduction in forest cover
(from 54.1% to 28.8%). Annual deforestation rates as of
2006 were lower, probably due to deforestation of native
forest areas (Figure 4). The change in the behavior of
deforestation rates around the Nova Bonal SDP over
the study period required a linear model (Figure 3) to
better explain the variation of the deforestation data

in the time series.
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Figure 2. Linear regression model for the dataset of the annual deforestation rates of the Nova Bonal SDP between

1997 and 2014.
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Figure 3. Linear regression model for the deforestation dataset of the Nova Bonal SDP 10-km buffer zone between

1997 and 2014.
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Source: PRODES-INPE (2015)
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Figure 4. Deforestation dynamic within the study area (Nova Bonal SDP and around a 10-km buffer zone of the

Nova Bonal SDP) between 1997 and 2014.

Small forest cover changes in the Nova Bonal SDP
were observed from the beginning of its occupation
(end of 2005 and beginning of 2006) by the current
residents until 2014. Forest cover was reduced from
85.4% to 84.7%, which indicates that little of the native
vegetation was clear-cut after the implementation of this
type of settlement project. Accumulated deforestation
around the Nova Bonal SDP was also low in the same
period, (Figure 5), with native vegetation percentage
decreasing from 29.4% to 26.9%.

Although the annual deforestation rates in the Nova
Bonal SDP surrounding area have stabilized (< 1%) after
2005 (Figure 6), the total deforested area was much
higher than that observed within the Nova Bonal SDP.
In the case of the Nova Bonal SDP, it was observed very
low annual deforestation rates during the study period

and the total remaining forest area was well below the
80% of legal reserve defined by the Forest Code in force.

Finally, we estimated that 84.7% and 26.9% of the
forest cover remained in and around the Nova Bonal
SDP, respectively, until 2014. These results indicate that
deforestation was substantially lower in the Nova Bonal
SDP than in conventional farms, especially those engaged
in agricultural activities located in its surroundings.

A deforestation analysis of the surroundings (10-km
buffer zone around the Nova Bonal SDP), a zone located
within the Pedro Peixoto Directed Settlement Project
(PAD), indicates that a common behavior has been
occurring which has also been previously observed in
the oldest agrarian reform settlements in the Amazon
region, where native forests are progressively converted
into anthropogenic land use. Incra’s lack of support led
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Figure 6. Deforestation rates in the study area (Nova Bonal SDP and around a 10-km buffer zone) between 1997

and 2014.

settlers to frequently exploit the most abundant forest
resource to net higher profits (tropical timber) (Calandino
etal.,, 2012). Incra only integrated environmental liabilities
into its actions after the end of the 1990s (Le Tourneau
& Bursztyn, 2010).

The Pedro Peixoto Direct Settlement Project was
officially established in 1977 and 20 years later (in 1997)
there was only 54% of its native vegetation, although
the percentage of native vegetation when the Pedro
Peixoto settlement was established is unknown. In that
case, most of the areas previously covered with native
vegetation are now covered with pastures, which is the
main economic activity in the Amazon region (Arraes
et al., 2010; Eiré & Tricaud, 2010; Rivero et al., 2009).

The expansion of the agricultural and selective
logging frontier in the state of Acre began in the 1970s
(Lemos & Silva, 2011). According to Rivero et al.
(2009), among the factors that motivate the expansion
of livestock production in the Amazon are low capital
levels, low soil preparation requirements, and few

restrictions associated to relief characteristics.

However, what is observed is that most of the properties
do not belong to the first owners, which indicates that
most of the families that first owned the land took
advantage of the official (mostly free) land distribution
by the federal government. There are currently numerous
properties of up to 100 hectares whose predominant land

use is pastures. Based on this, we infer that the most part
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of deforestation which occurred since 1997 was mainly
enforced by landowners who purchased those lands after
the first occupation cycle in that region.

Further details observed in Figure 3 show that there
has been a stabilization of deforestation in the surrounding
area of the SDP since 2005, which may be due to the fact
that the vegetation is well below the minimum percentage
required by the environmental law. However, according
to deforestation data in the Amazon between 2000 and
2010 (Imazon, 2013; Inpe, c2015), there was a significant
decrease in deforestation rates in the state of Acre since
2005. According to Fearnside (2017), the reduction in
deforestation rates in the Amazon was influenced by
the variation in economic cycles, with deforestation
peaks until 2004, and a decrease in subsequent years.

Figure 4 shows that there was greater loss of native
vegetation around the Nova Bonal SDP. Figure 4
also shows two deforestation peaks around the Nova
Bonal SDP; one between 2001 and 2002, and another
between 2005 and 2006, probably associated with
macroeconomic factors (Fearnside, 2017).

In the Nova Bonal SDP settlement, the percentage
of forest cover was above those estimated for most
agrarian reform settlements (Batistella & Moran,
2005; Capoane & Santos, 2012; Lemos & Silva, 2011;
Soares & Espindola, 2008), which indicates an atypical
situation among those settlements, whether located in
the Amazon or not. However, the Nova Bonal SDP
was previously considered an agroforestry property
with more than 80% of its original forest coverage and,
subsequently, created to be a model of agrarian reform.

Based on this, we observed that the alternative
land use in the Nova Bonal SDP oriented to conserve
the remnants of tropical forests worked properly until
2014. Based on field observations and information
and on the Incra Regional Office in the state of Acre
(Incra-SR/14), we can affirm that the determining
factors for the success of forest maintenance in the
Nova Bonal SDP were the creation of a new type of
settlement project, as well as a better and stronger rural

technical assistance enforced by Incra aiming to fulfill
previously defined objectives of that settlement project.

As affirmed by Pereira (2007), it was necessary
to adopt an agroecological model of rural settlement
that allows the integration of social and ecological
dimensions for solving land conflicts that arose in the
Vale do Rio Sio Joao in the state of Rio de Janeiro for
creating the Pogo das Antas Biological Reserve. In our
case study, the SDP, this modality created by Incra, is
considered an alternative of sustainable land use in areas
located outside of the Conservation Units oriented to
forest extraction activities and subsistence agriculture
commonly adopted by traditional populations.

3.2. Legal Reserve and Permanent Preservation
Area (PPA)

By 2014, the Legal Reserve Areas encompassed
approximately 85% and 27% in the Nova Bonal SDP
and its surroundings, respectively (Table 3). Based on
the current Forest Code, which defines 80% of Legal
Reserve for forests in private properties located in the
Brazilian Amazon, the Nova Bonal SDP did not show
an environmental deficit of Legal Reserve by 2014.
Most of the original vegetation in the surroundings
of Nova Bonal SPD was converted into another land
usage type, and therefore we assumed that most of the
rural properties located in this area of the surroundings
show deficit of Legal Reserve Areas.

Based on this study field data, no presence or very low
percentages (< 80%) of native vegetation was observed
in most of the private properties visited around a 10-km
buffer zone. We also observed that selective logging
activities practiced by residents of the project have
increased within the Nova Bonal SDP, and mainly by
residents of its surroundings.

Permanent Preservation Areas (PPAs) located
along the water bodies in the Nova Bonal SDP and in
the surroundings include approximately 627.2 ha and
3,745.8 ha, respectively. Approximately 86.5% and 34.1%

Table 3. Forest cover in the study area (Nova Bonal SDP and around a 10-km buffer zone) by 2014.

Area by 2014
Location
Forest (ha) Deforestation (ha) Total (ha) Forest (%)
Nova Bonal SDP 9,886.1 1,788.8 11,674.9 84.7
10-km buffer zone 24,692.4 67,106.9 91,799.3 26.9
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Table 4. Forest cover in the Permanent Protected Areas of the Nova Bonal SDP and around the 10-km buffer zone

by 2014.
Nova Bonal SDP
APPs
ha %
Forest 542.3 86.5
Deforestation 84.9 13.5
Total 627.2

10-km buffer zone Total

ha % ha
1,278.1 34.1 1,820.5
2,467.7 65.9 2,552.6
3,745.8 4,373.1

are properly preserved, respectively in the Nova Bonal
SDP and in its surroundings (Table 4).

Based on this study’s results, the Nova Bonal SDP
showed a 13.5% environmental deficit of the PPAs.
This result is much better than those observed in its
surroundings and in other conventional rural settlements
located in the Amazon and other regions, which indicates
a good conservation level of natural resources that
depends on the amount of native vegetation.

However, both PPA and Legal Reserve preservation
depends on legal and technical measures that may allow
the residents to use forest sustainably in order to avoid
people from outside the Nova Bonal SDP from using the
natural resources of that collective reserve. Environmental
service payments for the Nova Bonal SDP would be an
economical alternative to protect the native vegetation
in that area. Also, those environmental services would
be a good alternative to improve the socioeconomic
conditions of the Nova Bonal SDP and contribute to
preserving native vegetation and resources that depend
on the forest conservation.

4. CONCLUSIONS

Deforestation data observed within the Nova Bonal SDP
indicate that there was no trend in annual deforestation
rates, with stable behavior and at low levels throughout
the analyzed period (1997 and 2014). The deforestation
data for the area surrounding the Nova Bonal SDP
indicates a decreasing trend of annual deforestation
rates for the same period, with the highest deforestation
rates observed between 1995 and 2005, which indicates
that it was a boom period of deforestation. As of 2005,
the deforestation rates observed for the surroundings of
the Nova Bonal SDP were lower (< 0.5%) because of the
forest scarcity that was legally suitable to deforestation
in the study region and other external factors, such as
the change in economic cycles in Brazil.

Finally, it was observed that more than 80% of
the Nova Bonal SDP forest cover was conserved until
2014, which is in compliance with environmental
legislation. However, only 27% of native forests in the
surroundings of the Nova Bonal SDP were conserved
until that year. This indicates that the traditional land
colonization model in the Amazon was the major
factor responsible for deforestation in the region and
study period. The alternative sustainable development
project model, as previously defined for creating the
Nova Bonal SDP, showed great efficiency to improve
environmental sustainability in the study region.
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