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Abstract: Centuries of colonization of the Atlantic Forest biome in Brazil have led its native vegetation
cover to be reduced to only 11.7%. On the other hand, regional land changes have fostered natural
forest regeneration, since the 1960s, in the region of Paraiba Valley. A fieldwork survey in rural
properties was conducted in three municipalities (n = 90, thirty in each municipality), to assess how
forest transition is affected by the region’s socioeconomic development and biophysical dimensions
of the landscape. To select the municipalities among thirty-four, we applied the modified Thompson
Tau technique to detect outlier values for three selected variables: Natural forest cover, eucalyptus
plantation cover, and municipal revenue. The outliers were dropped from consideration and the
municipality with the maximum value for each variable was selected. Based on the survey and
GIS analysis using land-cover maps, topography, and hydrology variables, we concluded that the
diminished land-use pressure in the Paraiba Valley, a response to the regional economic development
(e.g., increasing labor demand in urban areas pushing rural migration), resulted in the increase of the
Atlantic forest cover. Interestingly enough, a counter-migration of people moving to rural areas as a
newly valued amenity has the potential to reshape the rural landscape with positive outcomes to the
Atlantic forest cover.

Keywords: rural property survey; thompson tau technique; land-use decisions; Atlantic forest transition

1. Introduction

Land-use and land-cover changes (LULCC) are significant drivers of global environmental
changes [1,2] affecting soil carbon sequestration and emissions [3], water scarcity [4], climate
changes [5], and social impacts such as human displacement [6]. Scientific research has analyzed how
human decisions, institutions, and biophysical conditions interact and cause LULCC [7]. Human
decisions shape how land is allocated according to specific purposes, not always guided by rational
choices to maximize profits or to follow policies, and motivated by subjective and moral values [8,9].
Therefore, human decisions taken in rural properties are valuable to understand land-use change,
to better support public policy and to envision future scenarios [10-12]. The use of surveys in
rural areas is a widespread research method to access land-use decision-making, and to understand
landowners’ perceptions on ecosystem services [13], climate change impacts on agriculture [14,15],
forest management strategies by smallholders [16], and socio-environmental pathways of agricultural
changes [17-19].

Forest transition (FT) theory predicts that, after a period of deforestation, the declining stock
of forest tends to stabilize leading to a period where the gains in forest area are greater than losses
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to deforestation [20]. To explain this transition process, many researchers worldwide have used
national and global data, as well as regional and local analyses [7,21-27]. FT and LULCC are processes
intrinsically connected through land allocation dynamics, rural and urban socioeconomic changes,
urbanization, policies, and cultural aspects of human decisions. Therefore, accessing socioeconomic
contexts and historical perceptions on regional land changes using the rural property as the unit of
survey are key to understanding the effect of decision-making processes driving the resurgence of
natural forest cover inside private lands.

2. Atlantic Forest Cover through Time and the Focus on the Paraiba Valley Region

Deforestation rates at the national level may overlook significant variations in the rates and
patterns of forest changes in particular regions [28]. The Atlantic Forest reached very low levels of
conservation after centuries of colonization and conversion of native vegetation into agricultural and
pasture lands [29-31]. During the Brazilian period of industrialization between 1950 and 1980, certain
portions of the country experienced huge fluxes of rural to urban migration. The Atlantic Forest biome
encompasses the most economically developed and populated regions of Brazil, such as the Sao Paulo
and Rio de Janeiro metropolitan areas. The biome extends through 17 States and is socially, culturally,
and economically heterogeneous.

Forest cover data [32], has shown a decline in deforestation rates from 1985 to 2013, with different
rates in each state—suggesting that the biome has not experienced these changes uniformly. The eastern
portion of Sao Paulo state (i.e., the Paraiba Valley) had a significant rate of forest cover increase from
225 to 446 thousand hectares (ha) between 1962 and 2011 [33,34]. These results contrast with the
general trend observed for the Atlantic Forest biome, one of no forest cover net gain [32,35].

The Paraiba Valley spreads between the states of Sao Paulo, Minas Gerais, and Rio de Janeiro,
and the Paraiba watershed provides the bulk of the water supply to a population of approximately
10 million inhabitants [36], mainly in the states of Minas Gerais and Rio de Janeiro. In 2014, after the
worst water crisis (drought) in Sao Paulo state in the last 80 years, the Federal Court of Justice accepted
a request from Sao Paulo’s governor to allow the state to also use this watershed to improve the water
supply system for the Sao Paulo metropolitan region [37]. This chapter in the Paraiba Valley’s history
raises concern about the future of the watershed and the sustainability of its ecosystems services.

Less than 30% of the Paraiba Valley is under the regulation of conservation areas, which increases
the role of private rural properties in the conservation of the Atlantic Forest remnants and their
ecosystems services. This paper addresses the following questions: (a) How does the regional
socioeconomic context of the Paraiba Valley affect land changes resulting in forest transitions? (b) Are
biophysical variables and environmental policies related to this land change process within the
rural properties? To address these questions, the study’s methodological approach focused on the
perspectives of landowners in the region, captured through surveys in rural properties.

3. Materials and Methods

3.1. Sampling

The Paraiba Valley within the Sao Paulo state comprises 34 municipalities and is classified by
the State as the Water Resources Management Unit of Paraiba do Sul [36]. A set of variables (Table 1)
was chosen to support the decision regarding which municipalities were to be sampled (Figure 1).
The available knowledge about the region’s land-use and land-cover dynamics [25,38,39] informed
such choice.

Among the selected variables, a parametric outlier approach known as the modified Thompson
tau technique was conducted. The modified Thompson tau technique is a method recommended in
univariate datasets that consist of observations on only a single attribute. This method allows the
discharge of one data point (i.e., outlier) at each time, ensuring a confident process of data mining
and decisions about data points to be eliminated. An outlier is a data point significantly different
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from the remaining data, also referred to as anomalies. Therefore, an outlier contains information
about abnormal characteristics of systems and entities, which impact the data generation process [40].
Considering the potential impact of the outlier to the survey results, the outlier was discharged to
avoid bias in the analysis. Then, the municipality with the best performance (maximum value) for
each variable was chosen.

Table 1. Variable dataset to select municipalities within the Paraiba Valley.

Brief Description of Variables Mean Std. Deviation
Mean variation of forest cover
Forest ¢ percentage within the municipality 22.69287 11.21238
between 1985 and 2011
Percentage of increase in eucalyptus
¢ & yp
Bucalyptus plantation between 1985 and 2011 3.17766 3832879
Municipal revenue © ~M1ean value of the revenue (§) per - g9 07 o5 79 198,996,234.1

municipality between 1985 and 2011

¢ Data from Silva et al. [34]. © Data from the State Foundation of Data Analysis System (SEADE <https:/ /www.
seade.gov.br/> In: “populagao e estatisticas vitais”).
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Figure 1. Selected municipalities studied in the Paraiba Valley, Sao Paulo state, Brazil.
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The modified Thompson value for 34 data points (municipalities) based on a significance level of
0.05 is T = 1.9174. This value was used to determine the outlier by the equation: t*5, where 5 is the
standard deviation value of each variable (Table 1). If the standard deviation for a specific municipality
(81) is >T*), the data point is rejected. If the standard deviation for a specific municipality (51) is <T*9,
the data point is kept. Figure 2 presents the research methodological steps.

Study area
34 municipalities

Selected municipalities

Outlier approach
Modified Thompson tau
technique

— ¢ Bananal
* Paraibuna
¢ Taubaté

Selected variables

* Forest cover
* Eucalyptus
* Municipal revenue

Analysis

Questionnaire results and
Spatiotemporal dynamics
of forest cover in each
municipality were
confronted to verify if the
farmers’ observations
about forest dynamics
. Slop e matc"hes wfth‘ geographic

information data
* TWI

* Forest cover

Fieldwork
90 questionnaires
30 per municipality

Biophysical variables

Figure 2. Methodological steps conducted to select study locations and to perform spatiotemporal
analyses of land-use and land-cover changes with socioeconomic aspects of the Paraiba Valley.

3.2. Rural Property Survey

The survey was structured for any kind of rural property (by size and activity), addressing
questions about economic (e.g., industrialization, urbanization), leisure (e.g., rural tourism, second
home), social (e.g., labor, education level, age), and land-use trends (e.g., decrease of pasturelands),
and how these trends interact with forest cover changes. The interviewer presented a summary of
the research purpose to make sure that the interviewee had observed land changes within the rural
property or in the landscape, with consequences to forest cover. If so, the survey was conducted within
each municipality until completing the sample of thirty interviews. A total of ninety questionnaires
was completed in the three municipalities.

To select the rural properties within the municipality, the research team used information from
local public agencies, such as rural extension services and rural unions, land-use and land-cover
maps to highlight forest cover areas, and road maps. Fieldwork was conducted between September
and November 2014. The questionnaire was structured around seven broad questions with multiple
choices and with the option “other” for the cases when the interviewee provided a different answer
from those offered in the multiple choices. The overarching question behind the survey was: What is
happening in the countryside to explain increases in forest cover area?

3.3. Data and Analysis

To improve understanding of land-use and socioeconomic dynamics in the Paraiba Valley
countryside, two topographic independent variables were overlaid with the forest cover dependent
variable: Topographic wetness index (TWI) and slope. These variables were derived from the Advanced
Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model, grid size of
30 x 30 m (ASTER GDEM). The TWI characterizes the surface-water saturation zones and the water
content in the soils [41], calculated by the equation:

TWI = Ln(a/tanp)
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where « represents upslope area per unit contour length, and tanf stands for local down slope in
a specific catchment area [42]. Given the hydrological concerns in the region and its importance to
water supply, the TWI measures how the forest cover change is affected by water-saturated areas.
These areas include core hydrologic processes in the watershed, such as runoff and soil saturation after
rain, as well as the upstream contributing areas and streams network [43]. It is also a variable used to
characterize biological processes, such as vegetation patterns and forest site quality [44]. Therefore,
TWI identifies key information for agricultural and environmental watershed management, mainly
regarding water conservation [41,42]. The slope parameter is an indicator of land-use constraints
to irrigation, cattle ranching, and mechanization, which affect agricultural activities and land-use
decisions. Steep slopes have several disadvantages for agricultural practices affecting the conditions
for safe machinery operation [45], increasing irrigation costs (i.e., costs for pumping the water to higher
elevations) [46], and boosting soil loss through erosion [47].

Based on the overlaid results from topographic and forest cover information, descriptive
statistics was used to analyze the interviewees” answers to evaluate how land-cover change matches
with land-use decisions and socioeconomic conditions in the countryside. In addition, population
census and economic data (e.g., industrialization, municipal revenue) from the Brazilian Institute of
Geography and Statistics (IBGE) were used to support the analysis.

4. Results and Discussion

4.1. Rural Socioeconomic Characterization

The outlier analysis identified three municipalities to be sampled (Table 2). Each municipality
showed different levels of economic development, demographic trends (Figure 3), and geographic
characteristics (Figure 1). However, they converge on several common conditions, such as hilly
topography, low labor availability for agricultural jobs, and positive rates of forest cover increase.

Table 2. Selected municipalities to develop the rural household survey.

Best Performance

. . P
Outlier Threshold (Maximum Value) Municipality
Forest cover 29.5 21.4 21.2 Bananal
Eucalyptus plantation 14.5 7.3 6.6 Paraibuna
Municipal revenue 995,218,101.3 381,555,379.2 335,204,038.3 Taubaté

* The threshold value is derived from the equation (7*5). The “Best performance” value corresponds to the elected
“Municipality” to be surveyed.

Table 3 presents the main agricultural and non-agricultural activities in the rural properties
according to the survey.

Table 3. Description of the rural activities within the rural property.

Rural Activities within the Property Bananal Paraibuna  Taubaté
Dairy 9 6 12
Dairy and buffalo 1 - -
Dairy and pig 1 - -
Dairy and leisure 1 -- -
Dairy and horticulture - 1 3
Dairy and beef -- 2 3
Dairy and eucalyptus -- 2 --
Dairy, beef and eucalyptus - 1 -
Dairy, beef, eucalyptus and rural tourism - 1 -
Dairy, rural tourism, leisure and sausage - 1 -
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Table 3. Cont.

Rural Activities within the Property Bananal Paraibuna  Taubaté
Dairy and cachaga -- 1 --
Dairy and rural tourism - 1 --
Beef 2 1 -
Beef and leisure 2 1 -
Beef, leisure and cachaga * 1 - -
Beef and cachaga 1 -- -
Leisure 4 2 9
Rural tourism 2 2 1
Rural tourism and leisure 2 -
Eucalyptus plantation - 2 1
Horticulture - 3 1
Fruits - 2 -
Agroforestry - 1 -
Abandoned ¢ 4 -- -

* Traditional Brazilian liquor from sugar cane. ¢ No use according the interviewees—the landowners has no
immediate plans to use the rural property to economic or social purposes.
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Figure 3. Selected socioeconomic data for the surveyed municipalities in the Paraiba Valley.

Cattle raising for beef and dairy production is the main rural activity but varies in quantity
(Table 3) and management practices among the municipalities. Forty-six rural properties sampled have
dairy production; thirty-six of them use management practices such as semi-confinement, rotation,
and/or best adapted and more productive breeds of dairy cattle. Atleast one of these above-mentioned
practices was adopted by 94% of the dairy producers in Taubaté, 96% in Paraibuna, and 25% in Bananal.
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The more productive dairy cattle breeds are not able to graze in steep slopes and this constrains farmers
to adopt semi-confinement and intensified use of flat areas, predominantly along water streams.

The low contribution of Bananal, Paraibuna, and Taubaté to the State’s agricultural revenue,
about 0.1% in 2014, and the low contribution from agricultural activities for the municipality’s GDP
in the same year (6.94% in Bananal, 4.3% in Paraibuna, and 0.47% in Taubaté) (SEADE?!), reveals the
marginal role of farming to local economic development. The farm size in the sample ranges from
5 to 1000 hectares with an average size of 125 hectares (Table 4). Rural economic policies favoring
large-scale, highly productive, and highly intensified agribusinesses in Brazil [48-50] promoted the
marginalization of less suitable agricultural areas, mainly those with severe mechanization constraints
(i.e., steep slopes), as also noted in other studies [12,50,51].

Table 4. Distribution of farm size classes (in hectares) per municipality and the farmer’s average age in
each class.

Farm Size (ha) Bananal Paraibuna Taubaté

n* Area Age n* Area Age n* Area Age

<100 18 825 56 20 981 54 18 630 60
100-300 7 1240 69 9 1120 58 11 1860 61
300-500 2 850 55 1 315 58 -- - --

>500 3 2650 68 - - - 1 600 46

*n equal to the number of respondents to each class of farm size (Total n equal third per municipality).

The aging of the rural population is a recent concern in Brazil. The average age of the sampled
population was 59 years old, ranging from 23 to 82 years (Table 4). For economically developed regions,
such as Sao Paulo state, younger farmers are less likely to be found than in less developed regions, such
as Northern and Northeastern Brazil [52]. Urbanization may drive this trend as the new generations
move to the cities, whilst older generations remain in the countryside. The Paraiba Valley’s urban
population increased 841% between 1950 and 2010, while in the municipalities of Bananal, Paraibuna,
and Taubaté the population increased 270%, 212%, and 674%, respectively. Paraibuna is the only
municipality showing positive rates of rural population growth, 42% from 1980 to 2010, contrasting
with Taubaté (—23%) and Bananal (—59%), which lost populations [53].

Based on fieldwork information, these temporal variations in urban and rural populations
are driven by regional economic development. Taubaté attracted migration to its urban area
due to industrialization and economic growth, as well as Sao José dos Campos, the major
economic municipality in the region and the center of Brazil’s aerospace industry. Even Bananal,
the geographically most isolated municipality within the region, observed migration flows to Taubaté
and Sao José dos Campos during the second half of the twentieth century [54].

Among the sampled rural properties, 73% had other income sources than farming activities
(26 rural properties in Bananal, 20 in Paraibuna, and 20 in Taubaté). Other sources of income may
include part-time jobs or small businesses in urban areas, income from younger family members,
and rural retirement pensions [55].

4.2. Rural Livelihood Changes and Regional Land Transitions

The environmental and socioeconomic changes in the Paraiba Valley during recent decades have
affected landscape structure and composition [25,39]. The region’s historical landscapes are mosaics of
land-uses and forest patches embraced by two mountain ranges in a hilly topography [56]. Agricultural
land-use abandonment has been the major land transition leading to FT [34].

1 SEADE—State System of Data analysis (Data serie: Informagdo dos Municipios Paulistas <http:/ /produtos.seade.gov.br/

produtos/imp/>).
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The survey included questions about socioeconomic variables potentially related to the FT
process. Fifty-five out of the ninety interviewees associated FT with socioeconomic changes in
the region. Among the choices related to socioeconomic variables, the low availability of labor
for agricultural activities, the migration to urban areas motivated by expectations of better living
conditions, and the loss of interest by young farmers to work in rural areas were predominant in the
answers. In Taubaté, among the nineteen interviewees that associated FT to socioeconomic variables
of the region, eighteen attributed it to the lack of rural labor. In Bananal, twenty-one interviewees
pointed to urban attractions and rural conditions as FT drivers: Better living conditions in urban
centers (nine answers) and higher offers of employment (eight answers), loss of the rural population’s
interest in rural activities (nine answers), and lack of rural labor (eleven answers). In Paraibuna, the
lack of rural labor was unanimous among the fifteen interviewees, which associated FT with at least
one socioeconomic variable.

The low availability of labor for agricultural activities is a generalized problem in the study
region, as noted by farmers, unions, and rural public agencies [39]. Mechanization constraints,
job opportunities outside rural areas, and better living conditions in urban centers were mentioned as
causes for forest regeneration in the Valley.

The industrialization of the Paraiba Valley (since the 1960s) demanded a new demographic
configuration during the transition from an agro-based economy to an industrial-based economy [57].
Therefore, Sao José dos Campos and its neighboring cities (e.g., Taubaté) attracted workers from many
regions of the Valley and other parts of Sao Paulo State. According to informants from Bananal, entire
rural neighborhoods migrated to Sao José dos Campos in the 1970s for jobs in the city.

The construction of State and Federal roads, oil and gas pipelines across the Valley, and other
infrastructure projects, plus formal and informal job opportunities in urban areas have influenced
workers to move to non-agricultural jobs. This situation is challenging the farmers’ capacity of keeping
employees on their farms. The work conditions in urban areas (e.g., industry, commerce) are pushing
up the value of the rural wage and the demands for more labor benefits, driving famers to the edge of
their financial limits. Thus, the income from land-use (e.g., dairy production) is not enough to make
profits, making the agricultural enterprise unprofitable in some cases.

When the farmers lack reasonable economic conditions, the rural activity is not attractive and
pushes new waves of rural workers to cities as they find it difficult even to keep the family labor in
the rural area. Owing to the urbanization process and the development reached with the increase of
the Brazilian middle class, fewer young workers are looking for job opportunities in rural areas in the
most developed regions, such as Sao Paulo State [52].

4.3. Biophisical Variables Driving Land Use Decisions and Affecting Regional Forest Cover Changes

Figure 4 shows the forest cover changes (e.g., net gain) between 1985 and 2011 for the studied
municipalities. Based on previous research [34], deforestation tends to diminish and concentrate over
the first stages of successional forest (up to 10 years old), reducing pressure over older forest remnants
regenerating before 1985, and for newer patches established until 1995.
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Forest cover 1985 Forest cover 2011
Net gain
ha % ha %
Total gain
Bananal 25%
Total area: 22968 38 Deforestation 30825 51 13%
Total gain
Paraibuna 30%
Total area: 13023 18 Defarestation 23153 32 14%
Total gain
Taubaté 29%
Total area: 4997 8 17489 28 20%

Deforestation

Figure 4. Forest cover changes between 1985 and 2011 in the municipalities of Bananal, Paraibuna, and
Taubaté, Brazil (Forest cover data from Silva et al. [34]).

Since 1985, forest net gain ranged from 13% to 20%, revealing a process of FT occurring over former
pasturelands and agricultural areas [34], which in turn, were established over deforested areas during
the last two centuries [30,58]. This regional environmental transition process is leading to the return of
native vegetation (in successional stages), mainly in areas less favorable to mechanized agriculture.

According to the System of Land-Use Capacity [59]—slope classes: 0-3% (1), 3-6% (2), 6-12% (3),
12-20% (4), 20-40% (5), >40% (6)—the majority of new forest areas occurred in classes 5 and 6
(Figure 5). These areas are less suitable for agriculture and livestock, but are suitable for restricted
forestry operations, providing an outstanding opportunity for the restoration of ecosystem services
and environmental sustainability.

1 1 1
40 40 40
30 30 30
6 20 2 6 20 2 6 20 2
| 10 ’ 10 10
oK k| % ot
5 3 5 3 5 3
Taubaté Paraibuna Bananal
4 4

% of forest cover growth (1985-2011) - classes 1 to 6

Figure 5. Percentage of forest cover growth in the studied municipalities of the Paraiba Valley, Brazil.

Among the sixty-five rural properties with at least one agricultural activity, 81% of the respondents
recognized the steep slopes as very significant constraints to land-use (Figure 6a). Therefore, these areas
are more likely to be abandoned and replaced by successional forests through natural regeneration.
These slopes have high opportunity costs, as they are typically unsuitable for cattle ranching and
mechanized agriculture.
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Environmental and socioeconomic dimensions influencing rural
decisions with effects on forest transitions

Topograph i
pography | Decision to let Decision to let |

i forest regrowth forest regrowth i

Hilly terrains constrains the use of i on water on river i
machinery, adoption of irrigation i springs margins i
systems and for dairy cattle E i
According to 53 informants i i

| 24% |

B 56% 56% i

| e 33% N

Water b

a / Forest :

Environmental law transition y
: /" Better working conditions in urban
g areas attract workers from rural
areas affecting agricultural
activities according to 55
informants

35% 38%

c

" Taubaté WM Bananal I Paraibuna

Figure 6. Decisions in rural properties are key to determine regional forest transitions (n is the number
or respondents in each municipality according with variables a, b, ¢ or d).

In addition, based on a study in Rio de Janeiro State [13], due to their awareness about forests’
role in maintaining water supplies, farmers are more prone to let forests grow around the springs
than around river margins, although both of these areas should be preserved by law. Among the
interviewees of rural properties with at least one agricultural activity, nine mentioned river margins
whilst twenty-five indicated water springs as the less suitable areas for agricultural practices (Figure 6b).
Between 1985 and 2011, 19% of forest regeneration in Taubaté occurred over surface-water saturation
zones (defined by the TWI approach), 21% in Paraibuna, and 29% in Bananal. These results indicated
the absence of a strategic plan for forest restoration with a focus on water security during the observed
period; otherwise, one would expect more forest increase over these areas as observed in steep slopes.

During 2013 and 2014, Sao Paulo State faced the worst recorded drought ever [37]. During
2014, many properties faced water scarcity that compromised their rural activities. This scenario
was influential to drive farmers’ decision to adopt water conservation strategies. Two thirds of the
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interviewees recognized the forests’ services to water production and maintenance. The observations
made by Silvano et al. [13], and now by this study, exposes a potential pathway to forest regeneration
following land-use decisions influenced by water concerns, and reinforced by the water crisis faced by
farmers during 2013-2014; a subject that must be addressed by future remote sensing studies. A decline
in the provision of ecosystem services clearly contributed to initiate FT as a socio-ecological feedback.

4.4. The Interplay of Rural Population and Environmental Policy with the Forests

Since the promulgation of the Brazilian constitution in 1988, society has been challenged to cope
with a new paradigm on public policy management that promotes decentralization and participatory
approaches [60]. In the Paraiba Valley, a set of behaviors is favoring compliance with environmental
laws and the promotion of volunteer actions for ecosystem restoration [39].

Among the thirty-four rural properties that explore tourism as an economic activity or use
the property for leisure, twenty-one (61%) voluntarily reforested within the property. Tourism and
leisure activities in rural areas have a greater likelihood of promoting environmental sustainability
than agro-livestock, since these activities inherently value the recovery and conservation of natural
environments in private lands [61].

Volunteer reforestation initiatives in the Paraiba Valley respond to environmental concerns and
aesthetic values. Water conservation was the main concern that stimulated volunteer actions to restore
natural forest areas in rural properties in Bananal and Paraibuna, whilst aesthetic values were also
important in Taubaté.

Among the landowners who voluntarily established native forest plantations within the property,
12% had no formal education level, 7% basic education level, 33% medium high school, and 46%
undergraduate level education. The results suggested that the higher the level of formal education,
the more likely the adoption of reforestation initiatives in the study region.

Previous research in the Paraiba Valley has identified a positive relationship between
environmental policies, law enforcement, and individuals” action in deforestation control [37]. This
study addressed scenarios for deforestation. Among the ninety interviewees, seventy-five (Figure 6c)
recognized environmental laws as a condition to control deforestation. Forty-five of them attributed
compliance with the law to the active role of local people through environmental complaints filed
with authorities. Based on an interviewee testimony, cell phones are the “best friends” of nature
due to the fact that “everybody has one”, even in rural areas; thus, every time that somebody sees
some potential environmental crime they can call the Environmental Military Police (EMP) and
file a report of a violation. In all municipalities, the way people act using these environmental
complaints and responsiveness of the EMP were a condition to ensure control over new deforestation.
The voluntary decision to respect the law was another option of the questionnaire to evaluate the
control of deforestation, but it was not as important as the environmental complaint and EMP as
a control.

All ninety interviewees affirmed that in the last three years they had not deforested any land.
Some of them recognized deforestation actions in the past in their properties, but they were forced to
repair the damages, according to environmental laws. Deforestation, suppression or exploitation of
a natural vegetation without legal authorization is an environmental crime (Law n® 11.428 of 2006).
Therefore, ensuring law enforcement by individuals actions in reporting crimes is a critical component
to the forest governance in the Valley.

4.5. The Fate of Rural Areas and the Regional Forest Transition

Forest values encompass the maintenance of livelihoods, economic benefits, climate control,
and several ecosystem services [8,62,63]. Landowners perception of ecosystem services depends
on their own experiences and practices and they do not necessarily recognize the same services
or forest benefits highly levered by scientists [13]. Rural practices such as land-use conversion,
high-input (e.g., agrochemicals) production systems, non-tillage system, organic, and agroecological
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agricultural practices may affect the environmental quality, the provision of ecosystem services, and
the conservation of natural resources. Future land-use and land-cover dynamics and human presence
in rural areas (inducing agricultural and non-agricultural economic activities) will have consequences
over forest cover areas, sometimes fostering FT, maintaining the forest areas stability or inducing
new cycles of deforestation. We addressed two questions to assess the expectations about the future
of rural areas in the three municipalities. The first question focused on the future expectations for
regional agricultural activities (Table 5), and the second was about the future of rural populations and
livelihoods (Table 6).

Table 5. Question addressed to interviewees about future expectations on agricultural activities in the

Paraiba Valley, Brazil.
What Are the Future Expectations for Agricultural Bananal Paraibuna Taubaté
Activities in the Paraiba Valley? (n *) (n*) (n *)

New agribusiness cycles - 4 2

Expansion of eucalyptus - - -

No changes 9 12 8

Organic/agroecological farms 1 1 -

Cattle and dairy intensification 2 4 7

Loss of agricultural productivity -- - 3

Increase of agricultural productivity - - -

Support from government rural extension agencies -- - 2

Decrease of agricultural activities 15 9 8

Decrease of dairy but increase of cattle for beef 3 - --

* n equal to the number of respondents to each option (Total n equal third per municipality).

Table 6. Question addressed to interviewees about future expectations on rural livelihoods.

What Is the Future of Livelihoods and Population Bananal Paraibuna Taubaté
in Rural Areas of the Paraiba Valley? (n *) (n) (n)
Decline of rural population 4 3 2
No changes 9 - 1

Increase of rural population - - -
Increase of people living in rural areas with income
¢ . 17 26 26
from non-agricultural activities
Increase of family farming - 1 1

* n equal to the number of respondents to each option (Total n equal third per municipality).

Among the ninety interviewees (Table 5), thirty-two expected a decline of regional agricultural
activities (e.g., diminished economic importance, or the number of agricultural activities), twenty-nine
expected the maintenance of current practices with no changes and three expected decrease of rural
productivity (i.e., productivity decline of the agricultural systems)—thus, sixty-four of them had no
expectations of increasing rural economic activities in the municipalities. Only 28% of the interviewees
had expectations of new rural cycles, the emergence of organic and agroecological production systems
or the increase of current activities such as cattle for beef production. According to sixty-nine
interviewees (Table 6), the rural population with jobs not related to rural activities or retired people
will increase. From the interviewees perspective, the reasons of the urban to rural migrations may be
motivated by expectations of economic advantages, since rural areas are less expensive than urban
areas—affordability, and in some cases searching for a rural lifestyle or second home distant of urban
areas—amenity migration [64]. These alternative modes of occupancy of rural areas may result in
significant changes in land tenure, rural governance, and socioeconomic dynamics, fostering new
cycles of regional environmental changes [65].

Low expectations about improvements in future rural activities, observed for both municipalities,
reveals a scenario of continued low-scale family farming with the potential increase of new rural
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properties owned by urban dwellers searching for a residence in rural areas or for a second home,
usually to enjoy contact with nature, grow plants, and raise animals. The expectations of decreasing
agricultural activities (higher in Bananal, Table 5) is an indicator to predict more rural properties
transitioning from agricultural practices to tourism and leisure activities, as expected by most of the
respondents during the fieldwork (Table 6). The tendency of a property to become more dedicated for
leisure or to be sold increases together with the financial difficulty to maintain the farm, aging of the
owners, and difficulties in keeping family members from taking over the farm.

This transition dynamic will boost the increase of forest cover areas (FT) because of voluntary
natural forest planting within rural properties dedicated for tourism and leisure. Moreover,
if production areas are abandoned, they probably will undergo forest succession, the major process
driving FT in the Paraiba Valley during the last 35 years [34].

Among the three municipalities, only two interviewees in Taubaté expected improvements in
rural technical assistance. As discussed in other studies [66-68], rural technical assistance is key to
technology transfer, to support the adoption of the best land management practices and to allow rural
economic development allied with environmental conservation. This result is alarming and should
be a concern for policy-makers. Place-based policies must be designed for the region to promote
and increase the capacity of rural technical assistance agencies to inform farmers’ management
practices [67].

With the exception of eucalyptus plantations, there is no other large-scale mechanized
monocultural system in the Valley, currently. Eucalyptus plantations increased in the last three
decades and according to the informants, there is no expectation of new eucalyptus plantation areas in
private lands (Table 5). This result matches with the annual reports of the major pulp industries in
the region. During 2012 and 2013, pulp production used only 1.43% of eucalyptus from other rural
properties; the other 98.57% came from the company’s own lands [69] discouraging the expansion of
eucalyptus in the Valley’s rural properties. According to the company, the eucalyptus production in the
Paraiba Valley is expensive compared with other regions in Brazil, due to the topography. Currently,
eucalyptus expansion is taking place in new producer regions of Brazil with suitable topography for
mechanization and reasonable land price. However, eucalyptus is still important for rural properties
as a timber source for fences, barns, tools, firewood, and civil construction.

5. Conclusions

The regional forest cover changes in each municipality demonstrated that FT is taking place
under different scenarios of forest cover area, presence of eucalyptus plantations, or urban economic
development. This result highlights the existence of multiple pathways governing the regional FT in
the Paraiba Valley.

We conclude that besides the importance of biophysical variables on land-use decision-making,
socioeconomic changes affecting the region are influential in land-change processes. Additionally,
a group of interviewees highlighted that the unevenness of urban job characteristics (e.g., higher wage,
benefits such health insurance) compared to rural jobs undermine the workers choice of staying in rural
areas (Figure 6d), leading the rural properties to face a shortage of young laborers and aging of the rural
population. This context, influential in the decision of abandoning less suitable agricultural lands to
FT, is one of the most fragile FT pathways, such as new cycles of economic changes boosting economic
activities in rural areas, that would result in this process turning back. Therefore, the development and
management of the rural landscapes in the Paraiba Valley must be done by rural-urban approaches,
capable of promoting integrated rural-urban socioeconomic development to provide options to rural
populations, and at the same time reinforcing the values of forest areas as building-blocks of the
agricultural systems (e.g., providers of soil conservation, refuge for wildlife, such as pollinators and
seed dispersers). This is key to maintain forest cover areas and to improve FT processes, for example
towards sensible hydrological zones.
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Therefore, place-based policies [67] must be addressed in the region to stimulate the maintenance
of the forest cover areas through payment of ecosystem services and stimulating rural and ecological
tourism as economic ways to make profits in rural areas, whilst ensuring forest conservation. Policies
and initiatives from the urban society can also stimulate the adoption of organic, agroforestry, and
family farm systems in rural areas connected to local consumption markets, as a way to increase
the social and cultural values of this traditional rural landscape, with potential positive effects
on the environmental sustainability of the Valley. In addition, place-based policies must take
into consideration the importance of educational level in rural populations as a means to reach
more favorable attitudes toward forest conservation actions, as demonstrated by this research.
The participatory role of rural society in supporting law enforcement to control deforestation must
be strengthened through public investments in more effective communication systems connected to
surveillance actions, which would result in more positive feedback from the rural population about
the functioning of the forest governance system in the region.

The FT in the Valley occurred predominantly on less suitable agricultural lands, not on high
value hydrologic zones important for water conservation, indicating that over the last decades the
landowners were more prone to abandon lands with higher opportunity-costs than key areas for
the provision and maintenance of ecosystem services. Future studies must address the question of:
“Are droughts provoked by rainfall shortage driving afforestation in sensible hydrologic zones in
order to restore ecosystem services?” Future satellite images covering the region will be suitable to
capture the initial stages of forest succession and shed light on the role of extreme environmental
events (e.g., drought) on land-use decisions in rural properties, as a socio-ecological feedback.

The deforestation control improved by the participatory process of local rural society, the low
future expectations about agricultural activities in the Valley, and the growing number of people
moving to rural areas looking for new lifestyles and amenity landscapes, challenges the future of
this traditional farming landscape. Considering the endangered state of conservation of the Atlantic
forest biome, this study brings attention to the importance of regional socioeconomic variables driving
regional environmental changes and forest cover transition over time.
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