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Abstract

The Conservation Units (CU) were created to protect natural environments from growing degra-
dation and to impede the expansion of urbanization and agricultural crops. The Serra da Canastra
National Park, established to protect the headwaters of the Sdo Francisco River and other places of
scenic and ecological interest, is extensively visited due to its many tourist attractions, such as
waterfalls, fauna and flora. An analysis of the park’s geography is needed to assess the risk in-
volved in and its suitability for public use due to its territorial extension and environmental com-
plexities. Thus, this study aimed to investigate the background of issues of interest to CU man-
agement. Additionally, we used high-resolution RapidEye imagery, altimetry and database of park
infrastructure to build geospatial database and estimate classes of suitability for and risk in public
use through GIS tools. The resulting cartographic data can support the planning of policies con-
cerning the landscape and park’s territorial management.
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1. Introduction

The accelerated advance of anthropogenic interventions has led to increasing concerns about the impacts on
natural environments, suggesting a need for government planning in favor of socioeconomic and environmental
balance. Therefore, it was incumbent upon the government to create “specially protected areas” across the coun-
try; these areas are public or private areas endowed with environmental attributes that require special legal rul-
ings, ensuring their relative immutability and sustainable use [1]. Also the improved technical capacity in map-
ping the distribution and extent of riparian forests is needed, in the case of permanent preservation areas in Bra-
zil, and the boundaries of private properties [2]. Thus Conservation Units (CU) were created as areas with “re-
levant natural characteristics, legally instituted by the Government, with conservation goals and limits defined
under special administration ruling, to which are applied appropriate guarantees of protection” [3]. A Brazilian
law classifies these areas according to the different degrees of conservation and specifies the elaboration of a
Management Plan. These areas are classified according to the different degrees of conservation in Federal Law
No. 9985/2000, which establishes the National System of Conservation Units (SNUC—Portuguese acronym).
To ensure the effective protection of these areas, the law specifies the elaboration of a Management Plan, a
technical document that establishes the zoning and other rules that guide the use of each CU and the manage-
ment of natural resources, including the building of physical structures required to manage the unit. For units
where visitation is allowed, a Public Use Plan must be integrated into the Management Plan to ensure the con-
servation of its natural, historical and cultural resources; visitors’ awareness of nature; and a return of benefits
for the local communities [4]. However, most CU does not reach the appropriate level of efficiency, mainly due
to disputes, invasions, deforestation and fires, which reflect the difficulty of the land regularization process of
these areas [5]. However, despite overall issues of lack of interconnections or coordination between the institu-
tions, the Brazilian tourism presents significant progress occurring in northeast region [6] [7]. The Serra da Ca-
nastra National Park (SCNP) [8] is composed of two areas: 1) Chapadao da Canastra, with its land regularized
and open to visitors with the main attractions of the park; and 2) Chapadéo da Babil6nia, which has non-regu-
larized land and visitation restrictions. Among the main attractions of the regularized area of the park are the
historical headwaters of the S8o Francisco River, the Curral de Pedras (a stone stockyard that is a vestige of an
old farm), and the Rolinhos and Casca D’anta waterfalls, which are visited annually by approximately 40,000
visitors, who enter one of four entrances to the park. The park should have included a Public Use Plan in its
Management Plan [9]. However, the absence of these guidelines has led to the degradation of most trails. High-
spatial resolution maps can be elaborated from satellite imagery, for example, to preserve parks of historic her-
itage [10] or in planning of trails, as made by [11] in mapping of trails and studies of its degradation in a park in
Poland.

The geospatial approach in public use planning in CU demands physical-environmental characterization and
understanding of the legal context. Public use is considered as “educational, recreational, and environmental in-
terpretation activities, performed in contact with nature according to specifications in the management plans of
the conservation units” [12]. Its main objective is to provide visitors the opportunity to learn, in a playful way,
the attributes and the environmental values safeguarded by CU whether public or private.

According to [13], the concept of public use can include various types of use: Recreational, Commercial,
Scientific, Educational and Personal development. Article 7 of Federal Law No. 9985/2000 [3] divides CUs into
two groups in accordance with main purpose: Integral Protection Units, and Sustainable Use Units. The need for
CU emerged due to the 1971 drought in the region. The drought was associated with deforestation caused by the
construction of the Furnas reservoir and logging by other companies, culminating in the stoppage of navigation
in the S&o Francisco River. Faced with these problems, the Brazilian Institute for Forestry Development (IBDF
—Portuguese acronym), the federal agency responsible for administering national parks and biological reserves
at that time [14], conducted emergency studies to evaluate the technical, financial and social conditions to estab-
lish this CU.

Thus, the SCNP was created in 1972, which established a territorial domain estimated at 200,000 ha covering
the areas denominated as Chapadéo da Canastra and Chapadao da Babilénia. However, strong resistance from
the community that occupied the areas that would be expropriated forced the federal government to declare
priority areas of interest for agrarian reform within CU in 1974. The expropriation process generated a series of
conflicts based mainly on the price of the land and infrastructure stipulated by the National Institute of Coloni-
zation and Agrarian Reform (INCRA), which, according to the populations of the expropriated areas, did not
correspond to the proper value. As a result, a study was commissioned that supported a counterproposal, primar-
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ily addressing compensation and reduction of the park boundaries. This reduction was proposed due to the ex-
clusion of agrarian land on the perimeter of the park.

Between 1976 and 1980, numerous conflicts took place in this region, culminating in the destruction of 90%
of the park area caused by criminal fires, requiring the intervention of Federal Police. The effects of these land
conflicts have been felt until now, hindering full implementation of the national park.

The SCNP is located in the southwest of Minas Gerais State covering parts of the territories of six municipali-
ties (Table 1). The national park has a visitor center and, in addition to the S&o Francisco headwater, several
tourist attractions, and due to agrarian issues aimed to solve this territorial question with Federal Decree No.
74446/1974 [15] and No. 74447/74 [16].

The temperatures in the region are mild, with an average of 17°C and 23°C in winter and summer, respective-
ly. The annual precipitation index varies between 1300 and 1700 mm, with rainfall concentrated in the period
from December to February. The landscape of the park has basically alternating plateaus, scarps and defined
valleys. Two major segments of the park can be identified. In the first, the broad plateau of Canastra’s massif
represents the predominant physiognomy, covered by grassland formations. In the second, with rugged relief
and corresponding to the region of Chapada da Babildnia, are alternating relief bands that feature scarps and
elongated valleys [9]. Characterized by high altitudes (from 700 to over 1400 m), the two massifs, Canastra and
Babildnia, form the cradle of a hydrographic system that is represented by water courses that drain into the S&o
Francisco, Grande and Araguari rivers. These rivers receive a large number of smaller tributaries, many of
which have headwaters inside the park. Concerning vegetation, the park is located in the Cerrado phytogeo-
graphical domain (Brazilian savannah), characterized by small and medium-sized trees, thick bark and twisted
branches, well-adapted to poor soil and resistant to drought and fire, whose vegetation phenology is studied by
various scientists [17]-[19]. Forest formations in the region have suffered varying degrees of change because of
the uses before the creation of CU, particularly the use of fire for grassland management. Some remaining trees
of the primary conditions can be found but most forest cover is in the secondary stage [20]. Faced with the abi-
otic and biotic factors, it can be affirmed that the park is highly important in protecting and conserving the natu-
ral and cultural resources of the region, highlighting the need for regularization of the CU boundaries, mainly,
due to influence of mining areas adjacent to protected areas [21].

Serra da Canastra National Park was chosen as the subject of this study aiming to analyze the suitability of
and risk in the use of its space because it is a category of CU that allows public use, as Sustainable Use Unit.
This research aims to subsidize the planning of visits through weighting physical-environmental and structural
factors with consideration of geographic and agrarian aspects, in addition to the occupation of the territory.

2. Methods

A classic definition of GIS (Geographic Information System) was made by author Stanley Aronoff, which wrote
in your Canadian publication in 1989 that GIS is, simply, “any manual or computer based set of procedures used
to store and manipulate geographically referenced data”, thus, defining in way fully and easy this system. GIS
can generate large amounts of information using remotely sensed data, which can be processed in imagery
processing software [22]-[24], providing the resources land cover and use analysis. GIS is software with tools
for geospatial information processing to generate digital maps and thereby enables decision making and plan-
ning in the use of natural and anthropogenic resources. These tools might help in several participatory studies

Table 1. Municipalities covered by the CU and the percentage of the municipal area.

Percentage of the municipality overlapped by SCNP

Municipality

Area (%)
Sao Roque de Minas 41.13%
Sacramento 02.46%
Delfinépolis 40.30%
S&o Jodo Batista do Gloria 46.51%
Capitélio 18.78%
Vargem Bonita 31.63%
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about land use change trajectories, and biodiversity assessments aiming the restoration of protected areas, as in
the case of areas in Nicaragua [25]. [26] identified the extraction and redistribution of water at artificial points
across desert in protected areas in Chad, which can constitute a real threat to local ecosystem dynamics, using
open GIS tools and Landsat satellite imagery, freely, distributed. Through remote sensing data, GIS can generate
large amounts of information. The decision support by Multicriteria is widely used by authors in suitability
analysis and land-use where integration with GIS is fundamental to obtain quick results and the possibility of
repeat operations with numerous maps of interest [27]-[30]. These GIS operations aim to identify a sum that is
an index for risk from or suitability to a specific activity, weighted by factors considered important for the stu-
died phenomena. In general, weighting is applied, resulting in a potential range [31]. [32] found improvement in
the weighted analysis for mapping through GIS for artificial groundwater recharge in arid regions in Egypt, with
more precision in comparison with Boolean operations. These factors will influence the final result and the
scores or gradations distributed throughout the geographic space of analysis. To study the important factors in
geographic analysis concerning the CU, we examined the database provided by the park management, using the
appropriate tools, aiming to analyze the park area and suitability for public use.

Park extension was analyzed through RapidEye imagery from 2012 (Figure 1). The Universal Transverse
Mercator (UTM) projection, zone 22 south, and the SIRGAS2000 Datum (Geocentric Reference System for the
Americas) were used. The official park area of 197,788 ha and the effective area for regularized public use 71,360
ha were demarcated near the limits of municipalities of S0 Roque de Minas and Sdo Jodo Batista do Gléria.

However, principally, due to large extension of area of public use the absence of guidelines for utilization has
led to the degradation of most trails, including the trail that links the higher and lower parts of Casca D’anta
waterfall, the park’s main attraction. Therefore, this study uses RapidEye imagery (provided by GeoCatélogo in
the website of Brazilian Institute of the Environment and Natural Renewable resources—IBAMA), in GIS to de-
termine suitable areas for public use by an additive multicriteria method based on weighted overlay of geospatial
data provided by ICMBio (Chico Mendes Institute for Biodiversity Conservation) and other information availa-
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Figure 1. Area of park overlapped to RapidEye imagery.
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ble in remote sensing databases. The high-resolution images enabled the visualization and general characteriza-
tion of the park in relation to the distribution of features, vegetation, relief, and overlapped mapped infrastruc-
ture, with this iconographic base useful in classification of land-use/land-cover, managing, and planning the CU.

Due to the rugged relief, the altimetry information was essential for decision making regarding the tourist
pathway in the CU. These data were obtained from a Digital Elevation Model (DEM) of the regularized use area
from the Shuttle Radar Topography Mission (SRTM) [33]. A slope map generated from the DEM was used in
the risk and suitability analysis for public use, in addition to the visitation points, entrances, access roads, and
hydrograph in the area of regularized use. All layers are combined to classify areas that provide better access to
available resources and appropriate access conditions. Mathematical decision and evaluation models provide
tools for analyzing the complex solutions between alternatives with several environmental impacts. The formal
mathematical framework used to describe multidimensional decision-making is based on multi-objective opti-
mization theory in which both conflicting and complementary objectives are presented as a decision problem
with multiple objectives [27]. According the indication of the area through a process of map overlay, the issue is
presented to stakeholders that concern the identification of objectives on the basis of an evaluation of a defined
number of choice alternatives by a limited number of attributes, while considering subjective scales of under-
standing. The outcome classes in multicriteria refer to any ranged value in the total area. As undefined rule, most
developed techniques and analyses have been developed for evaluating small numbers of choice alternatives on
the basis of only a limited number of criteria. Many problems of spatial search will involve a much larger range
of alternatives and criteria, necessitating the modification and automation of methods. Some consideration of the
weighted multicriteria techniques adapted here for utilization in the GIS is required to explain how the decisions
and scores work.

To generate a map of suitability for public use, we used the Additive Multicriteria method [34]. The method
integrates GIS, remote sensing data and decision criteria, using raster data format, assigning weights and scores
to the variables of interest and placing them in a decision algorithm:

A =2 (RexNy) 1)

where

A is a pixel of the raster map;

n is the number of layers;

P is the layer weight;

N is the layer score.

In the Additive Multicriteria process was adopted scores between 1 and 7, with the smaller scores indicating
the most appropriate slopes or distances for public utilization, traffic, security and proximity to points of interest.
The following weights were assigned to each information layer: 0.35 for the slope, 0.25 for the distance-to-road,
0.20 for the distance-to-hydrography, 0.15 for the map-to-main-touristic-points, and 0.5 for the distance-to-en-
trances. These weights amounted to 1 (100%) in the computation of factors that influence the geographic phe-
nomenon of suitability for utilization.

3. Results

Proposals for the creation of new trails and tourist attractions were made to minimize the impacts of visitors who
access the waterfalls and trails and to provide the visitors education and recreation. The correct carrying capacity
of these trails and attractions regarding the degradation risk posed by proximity to farming communities should
be observed, in addition to their typical phytophysiognomy, as the Cerrado, which is susceptible to fires (Figure
2).

The problems presented by the park management showed the need for research on solutions to improve the
current trails and create new ones to reduce the impact on current trails and distribute visitors among the trails
and attractions.

The proximity to roads, water, and lower slope classes made it extremely important to identify the areas with
higher suitability for public use or reducing traffic in the CU area. The proximity to the main tourist points and
support points (represented by entrances) was defined as the lowest weight for the trafficability in this area be-
cause these points already have associated access routes, which are given greater weight in this analysis (Figure

3).
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Frame of the images

Includes material © 2012 RapidEye AG.
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Figure 2. (a) Typical phytophysiognomy of landscape; (b) and surrounding areas with agricultural use.
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Figure 3. Location of important tourist points in the conservation unity.

Important factors in suitability for public visitation are the possibility of fires in the area, proximity to roads,
water and faster traffic routes. Thus classes were generated considering proximity to access and water availabil-
ity, as well as support points, visitation points, and especially class of slopes (as friction maps, in a possible op-
timization analysis, or cost maps, for potential generation of trails).

The Figure 4 shows the distribution of areas with classes for suitability of use from the regularized area. Most
of the park regularized area is of “Moderate” use (32.74%), where, even away from the points of visitation or
support, there are low slopes and good proximity to roads and hydrography. The “Very High” suitability and use
classes showed a small percentage of areas with low slopes and proximity to roads while the “Extremely Low”
presented high slopes with low proximity to roads.
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Figure 4. Area of suitability and recommendation classes for public use and distribution per area and percentage.

4. Discussion

The SCNP does not have yet a definitive Public Use Plan. However, educational activities are currently held in
the Visitors Center, near Entrance #1. According to [20], the regularized park area is open to visitors, with mon-
itoring of the main attractions: the Casca D’Anta waterfall, the Rolinhos waterfall, the historical headwaters of
Sao Francisco River and the Curral de Pedras. These attractions receive approximately 40,000 visitors each
year coming from the four entrances. The park has 52 trails open for fire control and biodiversity maintenance,
but only the trail of the Casca D’Anta waterfall is being used for tourist activity.

Trails open to visitors are degraded, requiring urgent recovery due to unfavorable trail conditions, Casca
D’Anta waterfall is the only attraction that is monitored, with only 50 visitors allowed per day; this limit has
been established because of several erosion gullies, environmental risk and the risk for visitors injuries.

The criterion of weight distribution in the additive multicriteria method, often subjective, is being the major
limitation of the method. Depending on the number of maps, the determination becomes more difficult, requir-
ing deep knowledge of the geographical parameters and factors that influence the studied phenomena. The defi-
nition of scores assigned to grades or classes on each map is also a source of subjectivity. The distribution of
data and the characteristics of the mapped information are always observed, according to what the researcher
judges important in facilitating the activities and their thresholds, as for example in the determination of distance
classes to roads.

5. Conclusions

RapidEye imagery favored the analysis of the geospatial context of the CU with an accurate view of the features
of interest in the landscape, allowing vegetation recognition, topographic variation perception, and advancement
of human activities around the national park. The overlapping of available geospatial layers with the imagery
guided the selection of a methodology that suits the weighting required by GIS and future analysis, with new
layers to be listed. From the formation of a new satellite database, new land-cover classification methods may be
indicated to better understand the geography of the park, in addition to the decision criteria in GIS and interpre-
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tation applied to the management plan. The RapidEye imagery greatly facilitated detailed viewing of the envi-
ronment, needed in the analysis process. The use of remote sensing data and GIS provided important informa-
tion for management and a synoptic view of the environmental and morphometric aspects of the park and the
geographic locations of visitation and support points, roads and hydrograph. The methodology of data analysis
allowed mapping and defining areas that are more favorable for visitation. In addition to other layers, such as vi-
sibility and vegetation cover, this method can enable more accurate planning of new trails in the park. The func-
tions and analytical capabilities of GIS can facilitate decision making and feedback on the CU management plan
because it easily integrates satellite imagery, particularly high-resolution imagery as RapidEye, and their com-
bination with the hydrography, roads, points of visitation and points of interest, in addition to DEM and slope
map.

According the Figure 1 and Figure 4 are shown that the extension of its area is too large and the “Moderate”
class dominates the results of analysis of Multicriteria, respectively. The dimension or percentage of results of
“Moderate”, “Very High”, and “Extremely Low” of the classes of suitability demonstrated the normal distribu-
tion of map obtained. It was demonstrated that despite diverse cartographic themes used in the analyses of land-
scape, and composite of database for subsidize the public use, the utilization of the procedures and methods of
sampling stochastic have potential for management of this park. Large geographic database generated demands
interoperability due to geographic systems used by the institutions involved. After these analyses we have robust
information to follow the steps in the review of a management plan and public use, aiming full use, with the
sustainability of natural resources available in the CU.
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