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Resumo
O presente trabalho é um estudo das caracterísitcas das encostas que compõem o relevo na bacia do rio Ibirapuitã, no 
oeste do Rio Grande do Sul. A classificação do relevo segue uma proposta de mapeamento automatizado apresentado 
por Silveira & Silveira (2013). A classificação ocorre pelo cruzamento de informações e atributos topográficos gerados 
em SIG e hierarquizado através de uma árvore de decisão, usando parâmetros de altitude, declividade, forma em plano e 
perfil da encosta. Foram identificadas 12 unidades de relevo representativas na bacia. O produto cartográfico obtido sugere 
que a metodologia é apropriada para caracterizar as encostas na área de estudo e a distribuição espacial dos processos que 
ocorrem na superficie.  Portanto, tem grande potencial para suportar trabalhos relacionando relevo com outros atributos 
ambientais e o uso do solo.
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Abstract
This paper presents a study of the characteristics of the slopes that make up the relief in the Ibirapuitã River basin in the 
west of Rio Grande do Sul. The relief classification follows a geomorphometric automated mapping proposal presented 
by Silveira & Silveira (2013). The classification is performed by means of crossing information and topographic attri-
butes generated by GIS and in a hierarchical decision tree. The crossing of information using the decision tree with the 
parameters of altitude, slope, curvature profile and plan identified 12 representative units in the basin. The cartographic 
product obtained suggests that the methodology is appropriate to characterize the slopes in study area and the spatial 
distribution of processes, with great potential for support in work relating the relief characteristics with other environ-
mental attributes and land use.
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Résumé
Ce travail est une étude des caractéristiques des pentes qui composent le relief dans le bassin de la rivière Ibirapuitã 
dans l’ouest de Rio Grande do Sul. La classification du relief suite à une proposition de cartographie automatisée pré-
sentée par Silveira & Silveira (2013). La classification est l’intersection de l’information et des attributs topographiques 
générés en SIG et hiérarchisés, par un arbre de décision, en utilisant des paramètres d’altitude, la pente, plat et profil de 
la pente. Ils ont identifié 12 unités du relief représentatives dans le bassin. Le produit cartographique obtenu suggère 
que la méthodologie est appropriée pour caractériser les pentes et la distribution spatiale processus de surface, dans la 
zone d’étude. Donc il y a un grand potentiel pour soutenir la recherche concernant le relief avec d’autres caractéristiques 
environnementales et l’utilisation des terres.

Mots-Clés: Geomorfometria; Relief; Ibirapuitã.
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INTRODUCTION

The parameterization of the relief by means of GIS is the process of extracting quantitative 
attributes of the topography. According to Muñoz (2009), it quantitatively describes the Earth’s 
surface forms by means of equations applied to numerical models of altimetric representation.

Current classification methods allow the subdivision of shapes into relief elements, which 
are a set of portions of a type of relief relatively homogeneous in relation to the profile, gradient, 
orientation, and placement in the landscape (MACMILLAN AND SHARY, 2009).

This paper presents a study of the characteristics of the slopes that make up the relief in the 
Ibirapuitã River basin in the west of Rio Grande do Sul. The basin is emphasized for defining the 
relief sculpturing and, in the words of Botelho (1999), “since the river basin is delimited consi-
dering geomorphological criteria, it has some advantage over the other planning units defined by 
other attributes, which present imprecise limits, such as those based on the types of vegetation or 
climate characteristics”.

Similarly, authors like Christofoletti (1980), Beltrame (1994) and War and Cunha (1996, 2003) 
state that the river basin, comprehends part of a joint vision of the behavior of natural conditions 
and human activities, since significant changes in any one of these units can generate changes or 
even impacts to the downstream and to the energy flows.

The national water resources policy through the law 9.433 of January 8, 1997 creates the 
National System of Water Resources Management and in the item V of Article 1 emphasizes that 
the river basin is the territorial unit for implementation of the National Water Resources Policy and 
actions of the National System of Water Resources Management (BRAZIL, 2013).

Therefore, it can be said that the studies on river basins are associated with the notion of sys-
tem, including the headwaters, watershed, hierarchical drainage system, where every occurrence 
of events, of anthropogenic or natural origin, interferes with the dynamics of this system. That is, 
it is understood that the drainage basins are treated as geographical units where natural resources 
are integrated.

To characterize the slopes of the basin a quantitative analysis through geomorphometric para-
meters (geomorphometry) or digital analysis of the relief was carried out (SILVEIRA et al., 2013). 
MDT derived attributes are understood here as topographic attributes (MOORE et al, 1991 and 
1993; WILSON & GALLANT, 2000; CHAGAS, 2006; SILVEIRA et al, 2012; SILVEIRA et al, 
2013), which, however, in the literature appear under different names, as parameters of the landfor-
ms (SPEIGHT, 1968), morphometric variables (SHARY el al., 2002), geomorphometric variables 
(BISHOP et al., 2009), land attributes (PENNOCK, 2003; CATEN, 2009), geomorphometric attri-
butes (SCHMIDT & DIKAU, 1989), relief attribute (IPPOLITI et al., 2005; SIRTOLI et al., 2008).

Several authors (ARGENTO 1994; BOTELHO, 1999; XAVIER DA SILVA, 2005) point to the 
increasing use of Geographic Information Systems (GIS) in the relief and environmental studies.

Topographic attributes can be parameterized from variables such as altitude, slope, aspect, 
different curvatures (in plan, profile, etc.), contributing area, topographic moisture index, etc. (MC-
BRATNEY et al., 2003, SILVEIRA et al., 2013).

Franklin and Peddle (1987) define five basic parameters to relief parameterization: i) elevation, 
ii) gradient, iii) orientation iv) curvature, represented by the concavity/convexity relief, v) roughness.

STUDY AREA LOCATION

This study was conducted through geoprocessing techniques associated with relief digital 
analysis determining the parametric representation of the relief forms, with the use of topographic 
attributes obtained from a Digital Elevation Model, developing a geomorphometric compartmenta-
lization in the form of a zoning of the aspects that make up the relief in the basin of Ibirapuitã River, 
located in western Rio Grande do Sul (RS), with an area of 7978.70 square kilometers (Figure 1).
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 Figure 1 - Ibirapuitã River basin location map

METHOD

The relief classification of the Ibirapuitã River basin follows a geomorphometric automated 
mapping proposal presented by Silveira & Silveira (2013), which was supported by the precepts 
of Iwahashi and Pike (2007). The classification is performed by means of crossing information and 
topographic attributes generated by GIS and in a hierarchical decision tree based on preset values, 
based on knowledge of the area. Four topographic attributes were used: altitude, gradient, slope 
shape in plan and profile.

As a cartographic basis, the army topographic maps at 1: 50,000 scale were used, from which 
the information of the level curves was extracted, with 20 meters equidistance added to the quoted 
points present in the area. Through the points, the interpolation of these altimetric information was 
performed using the ANUDEM interpolator (HUTCHINSON, 1989, 1996, 2008), available as a 
tool in the ArcMap application version 10.1 (ESRI, 2013), which creates a digital elevation model 
hydrologically consistent.

The first parameter used considered the amplitude variations presented by the basin due to the 
distribution of the frequency histogram, where the overall average of altimetries was considered, 
corresponding to 158 meters that divided the slopes located in high and low altitude.

The slopes can be defined in a simplified form as an element of the surface inclined in relation 
to the horizontal, which has a gradient and an orientation in space (VELOSO, 2002), and thus can 
be classified according to their gradient, curvature on plan and profile.

The information of declivities generated by the DTM was obtained in this work through the 
Horn polynomial (1981) and was separated into two classes whose limit is 5%.

The analysis of the slope in the plan, corresponds to the variation of the cambering gradient in 
orthogonal direction on the slope (curvature of the surface perpendicular to the direction of incli-
nation) and refers to the divergent /convergent character of the terrain and the curvature profile is 
the cambering gradient variation rate in the direction of its orientation (the curvature of the surface 
on the inclination) and is related to the convex/concave character being decisive in the acceleration 
or deceleration of the water flowing over it. Both were obtained by DTM through the use of the 
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Zevenbergen and Thorne polynomial (1987).
The profile of the slopes, in a GIS environment is analyzed according to its curvature value 

(frequency histogram) and theoretically, rectilinear slopes have null curvature value, concave slopes 
have positive and convex slopes have negative value (VALERIANO, 2003).

However, slopes with null values are very rare in nature, so, very little of what is thought to 
be rectilinear really presents null curvature value, and presents values that belong to a tolerance 
range in the vicinity of that value instead.

The classification of the slopes plan, in a GIS environment is analyzed according to its frequency 
histogram that indicates the value of that curve. Similar to the profile, null values correspond to 
lack of curvature corresponding to flat sides, and the positive values represent divergent curvature 
and negative values correspond to convergent curvature.

By crossing information using the decision tree shown in Figure 2, 12 units have been identified. 

RESULTS

The Ibirapuitã river corresponds to one of the main tributaries of the Ibicuí river, one of the 
most important of the western Rio Grande do Sul. 

The basin is of 7th order with area of 7978,70 km² and perimeter of 646120 km (Figure 3). 
The extension of the main channel of 597,72 km flowing from south to north forming a pattern of 
rectangular drainage controlled by structures in the volcanic rocks substratum.

The main tributaries are: in the right margin the Caverá and Ibirapuitã Chico rivers and in the 
left margin the Pai-Passo and Inhanduí rivers.

Geomorphologically these basin is included according to Robaina et al (2010) on the Plateau 
of the Serra Geral, specifically the portion called Plateau of the Campanha.

In general, the relief of the basin consists predominantly of hills, characterized by slopes with 
range around 40m and declivities between 5% and 8%. Also forms of buttes with flat top occur with 
amplitudes of 20 to 60m and declivities greater than 30% and hills with amplitudes of 120 to 160m. 

In the watersheds to the south and west it is formed by rolling hills with buttes associated and 
to the east it consists of a range of buttes and hills known as Sierra of the Caverá. 

The downstreams areas have a flat relief forming large slopes with declivities inferior to 5%.
The basin slopes were divided into 12 units, based on the average altitude, the declivities of 

5% and the shape on profile and plane.
The first six units correspond to the upper course and the last six units to the middle and lower 

course of the basin. Figure 4 shows the diagram representing the occurrence and distribution of 
slopes units in the basin of Ibirapuitã River.

In Units I, II and III the morphogenetic processes of erosion and mass movements are impor-
tant, constituting portions more dynamically active.

The Unit I represents the portions of slopes where the water flow is convergent characterizing 
the beginning of the river network and defining a collecting slope. This unit occurs in an area of 
653.92km², corresponding to 8.2% of the basin area. It is characterized by declivity greater than 
5% and convergent curvature plan.

Unit II covers 453.84km², representing 5.69% of the total basin area. It is characterized by 
slopes of the upper course areas, with a predominance of morphogenetic processes of erosion due to 
the declivity greater than 5% and concave profile. It is spatially located in the middle slope between 
the valleys of the drainage channels, especially in the areas of water dispersion.

Unit III covers approximately 461,58km², being 5.79% of the total basin area. It represents 
slopes of the upper course areas, with the flow rate increasing toward the bottom of the slope, and 
divergent flow that can induce the formation of various erosional channels in the lower third of the 
slope.
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Figure 2 - Decision tree used to define the units geomorphometric
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Figure 3 – Map of the hydrographic network Ibirapiutã basin
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Figure 4 - Diagram representing the occurrence and distribution of slopes units in the basin of Ibirapuitã River.
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Unit IV covers approximately 814.71km², corresponding to 10.21% of the basin area. It is 
characterized by flat areas in the upstream of the basin (declivity inferior to 5% but altitudes above 
the average), with convergent flow that is reflected in wetlands at the sources of the rivers.

It occurs mainly associated to unit I in the more flat portions, spatially positioned in the upper 
third of the slope. In terms of hydrographic basin, this unit is spatially concentrated in two large 
areas, one at the southern portion of the basin and the other at the western portion of the basin 
formed by the watershed of the Inhanduí and Pai-Passo sub-basins.

The unit VI, covers 559.14km², representing approximately 7% of the basin area. It occurs 
in the upper course of the basin formed by flat areas which are the most elevated areas, spatially 
positioned on the tops of slopes.

The Figure 5 shows the form of occurrence and distribution of the slope units I to VI, in the 
Ibirapuitã basin. 

The unit VII, located in the middle/lower course of the river basin (altitudes below the average) 
covers 362.84km², representing 4.55% of the total area. Present gradients that favor the morpho-
genetic process of erosion due to the declivities higher than 5% and flow convergence. They occur 
predominantly at the base of the slopes following the drainage network.

Unit VIII covers 293.03km², representing 3.67% of the total of the hydrographic basin area. 
It is characterized by slopes from areas of the middle and lower course with a predominance of the 
middle course of the hydrographic basin. There is a predominance of morphogenetic processes of 
erosion in the superior portions of the slope with deposition at the base. Spatially, it is located in 
the middle portions of the slope, sometimes near the drainage.

The unit IX is relatively less represented in the hydrographic basin with an area of 212.65km², 
corresponding to 2.67% of the basin area. It is characterized by slopes of the middle and lower 
course areas (altitudes below the average), with the flow rate increasing toward the bottom of the 
slope (convex profile) but with divergent flow (divergent plan), which can lead to the formation of 
small erosion channels in the slope base. They predominate in the areas of the lower third of the 
slope associated with the floodplains.

The X unit covers 1674.59km², corresponding to almost 21% of the basin area. It is characte-
rized by flat areas, along the middle and lower course drainage channels. It is the unit that occupies 
the largest area in the basin, which demonstrates the features predominantly of small elevations 
and declivities inferior to 5%.

Unit XI occupies 1126.86km², corresponding to 14.12% of the basin area. It is characterized 
by flat areas (declivities inferior to 5%). The processes range from top to the bottom of this portion 
of the slope through the decrease on the energy of the divergent flow (concave profile and divergent 
plan). They occur mainly in the middle slope toward the top, occupying the upper third of the slope.

Unit XII covers approximately 837.48km², representing approximately 10.5% of the watershed 
area. It occurs in the middle and lower course of the river basin, predominantly in the lower course, 
composing the main flat areas of the basin in the portions of internal dividers of the sub-basin.

Figure 6 shows the maps with the shape of occurrence and distribution of slopes units VII to 
XII, in the basin of Ibirapuitã River.
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Figure 5 – Units geomorphometric I to VI in the Ibirapuitã basin.
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Figure 6 - Units geomorphometric VII to XII in the Ibirapuitã basin.
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FINAL CONSIDERATIONS

      The establishment of criteria with fixed parameters, use of DEMs for variables calculation 
allows the relief mappings reducing subjectivity to the identification and delineation of features.

The crossing of information using the decision tree with the parameters of altitude, slope, 
curvature profile and plan identified 12 representative units in the basin of Ibirapuitã River.

As general characteristics, it was found that the basin of Ibirapuitã River has an area of low 
altitudes and lower declivities inferior to 5%, which it appears in the definition of the units X, XI 
and XXI that are those that occupy the largest areas represent about 46% of the total study area.

The cartographic product obtained suggests that the methodology is appropriate to characterize 
the slopes in study area and the spatial distribution of processes, with great potential for support in 
work relating the relief characteristics with other environmental attributes and land use.
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