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Resumo: A morfologia do relevo é o resultado da ação das forças tectônicas e dos agentes da superfície terrestre que ao longo 

do tempo desenvolvem formas diferentes. O geoprocessamento e o SIG permitem aplicar uma proposta de classificação do 

relevo adaptada para o ambiente informatizado. O objetivo do trabalho é analisar o relevo da bacia hidrográfica do rio 

Paraguaçu, no estado da Bahia. O relevo foi caracterizado em ambiente computacional quanto às altitudes, amplitudes e 

declividades e os elementos de relevo foram caracterizados por meio do intercruzamento entre as litologias, altitudes e formas 

do relevo. Foram definidas dez unidades de relevo com base nas respectivas morfologias e morfometrias. Conclui-se que a 

bacia possui uma assimetria importante associada à distribuição dos afluentes do rio principal. 

Palavras-chave: Geomorfologia; Geomorfometria; Cartografia; Geomorphons 

 

Abstract: The morphology of the relief is the result of the action of tectonic forces and agents of the Earth's surface that over 

time develop different forms. Geoprocessing and GIS allow apply a proposal for classification of landforms adapted to the 

computerized environment. The aim of this work was the analysis of the landforms of the Paraguaçu river basin in the state of 

Bahia, Brazil. The landforms was characterized in a computational environment by altitudes, amplitudes and declivity of slopes 

and the landform elements, was based on a crossing of lithological information, altimetric data and analysis. It was determined 

ten landforms units based on the respectively morphological and morphometric of the relief. In conclusion, the basin has an 

important asymmetry in the distribution of the tributaries of the main river. 
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1. Introduction 

The spatial arrangement of homogeneous landforms, landform elements and slopes shape are the result of 

the action of the tectonic forces, that provokes uplifts and relegation, and agents of the terrestrial surface that act 

in the rocky materials decomposing and disaggregating that over time develop different features and forms. 

The development of geoprocessing methods mainly GIS makes it’s possible to represent the terrestrial surface 

as digital models (DEM). Which allow the topographic analysis of a zone of interest, as well as the automated 

calculation of a series of related variable measurements using equations applied to numeric models of altimetric 

representation (WILSON; GALLANT, 2000; VIDAL-TORRADO; LEPSH; CASTRO, 2005; MUÑOZ, 2009; 

WILSON, 2012).  

Macmillan e Shary (2009) emphasize that all methods of automatic prediction of classes of geomorphic spatial 

entities are based on the creation of rules for the establishment of predictive relations between the input variables 

and the resulting classes. Iwahashi e Pike (2007) do automated classifications of topography from DEMs by an 

unsupervised nested-means algorithm. Most of the existing methods of automated classification of the earth's 

structure have their roots in differential geometry. The existing approaches focus on the best way to use the 

information contained in the geomorphometric variables and in the choice of the target units of classification 

(LIAO, 2010). 

The present work aims to analyze the landforms, landform elements and lithologies in an automated way, 

combining different morphometric elements to compartmentalize the relief in the Paraguaçu River basin. 

Bolongaro-Crevenna, et al. (2005) did geomorphometric analysis for characterizing landforms in Morelos, 

Mexico. For landform classification Minár e Evans (2008) used elementary forms for land surface by terrain analysis 

and geomorphological mapping. Minatel Tinós et al. (2014) implemented a methodology adapted to the digital 

environment. The authors considered for the classification the slope, amplitude and profile, which were calculated 

through movable windows and added together to generate a map of landforms. The landforms of the Paraná state 

(SILVEIRA; SILVEIRA, 2015) were defined from the automated crossing of slope declivity and height. Pineda et 

al. (2017) apply a geomorphological classification parameterized from the digital elevation model (DEM) and 

topographic attributes to the mapping of the landforms and slopes in the basin of the river Neverí, Venezuela. 

The analysis of the landform elements was carried out by Seijmonsbergen et al. (2011) developing extraction 

of geomorphological features using DEMs. Gerente Valeriano e Moreira (2018) used a new methodology to classify 

the relief patterns of the Itajaí-Açu river basin, in the state of Santa Catarina by means of regional analysis of 

geomorphometric data, using DEM. Trentin et al (2016) and Silveira et al. (2017) used the Topographic Position 

Index (IPT). Jasiewicz e Stepinski (2013) established a classification called geomorphons made an analogy between 

the textural classification of an image, based on the gray-scale spatial arrangement, comparing it with the specified 

distribution of the elevation values of the DEM for a given region. Robaina, Trentin e Laurent (2016) applied this 

proposal in the Rio Grande do Sul and Silveira (2018) to the Paraná state to define the distribution and relationship 

between the relief elements in the geomorphological compartments.  

2. Study Area  

The Paraguaçu River Basin (Figure 1) is located in the central-eastern region of the state of Bahia, 

geographically limited by the coordinates 11 ° 00 'S and 14' 00 ° S and 38 ° 00'W and 42 ° 00 'W. 
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Considered as the most important river system with entirely state domain, draining an area of 54,877 km², 

where about 10.14% are located in the Bahian territory, corresponding to 86 municipalities (INEMA- INSTITUTO 

DO MEIO AMBIENTE E RECURSOS HÍDRICOS, 2014).  

According to INEMA (2020) there are 94 dams of varying sizes and functionality in the basin, and the 

Paraguaçu River is also responsible for 60% of the supply of the capital of Bahia, Salvador. 

Based on Köppen's climatic classification, the river basin area is dominated by three types of climate and their 

variations: (1) the tropical altitude climate in the highest part of the basin, corresponding to the Chapada 

Diamantina region; (2) the dry climate in the western part, corresponding to the middle section of the basin; and 

(3) the rainy tropical climate in the lower course of the basin, close to the coast (SEI- SUPERINTENDÊNCIA DE 

ESTUDOS ECONÔMICOS E SOCIAIS DA BAHIA, 1997). 

 

Figure 1. Geographic location of the Paraguaçu River Basin 

 

3. Methodology 

The Paraguaçu River basin had its digital relief parameters, mapped and quantified with the GIS and the 

cartographic base consisting in data from codified hydrographic basins of (ANA - AGÊNCIA NACIONAL DE 

ÁGUAS, 2018), for spatial delimitation and definition of the rivers that constitute the basin. 

It was carried out an analysis of morphometric parameters related to the hydrographic network and the 

Digital Elevation Model (DEM) from the Shuttle Radar Topography Mission (SRTM) (KRETSCH, 2000) with spatial 

resolution of 3 arc-second (90 meters). Even though the availability of DEM for better spatial resolutions, we opted 
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for 3 arc-seconds data (approximately 90 meters), due to the better noise level, especially in the flat areas, which 

are significant in the study area. 

Digital processing as well as the database was organized and managed with ArcGIS 10.3®, by spatial analysis 

and three-dimensional analysis tools. The hydrographic hierarchy of the channels net stands out, where the 

watercourses was classified and quantified according the proposal of Strahler (1952). 

The relief was characterized by the altitudes and amplitudes present of the basin and the its declivity, 

according to the classes proposed by Ponçano et al. (1981) and adapted by Trentin and Robaina (2005) (Table 1). 

The amplitudes are defined using the Focal Statistics tool that analyzes the difference in altitude in a circular mobile 

window with a two pixel radius and the declivity is calculated in percentage using the Slope tool that defines the 

slope between the pixels in a 3x3 pixel moving window over the DEM. 

 

Table 1. Classification of the landforms adapted from (PONÇANO et al., 1981) 

Altimetric amplitude Declivity Landforms 

< 100 meters 

< 2% Flat Areas 

2 – 5% Slightly undulations hills 

5 a 15% Undulating hills 

> 15% 
Large hills and buttes 

> 100 meters > 15% 

 

For the determination of the relief elements the proceeding  is based on the proposal of Jasiewicz e Stepinski 

(2013) characterizing  the difference between topographic height, distance and the angle of direction of the 

neighboring points in relation to the central cell (zenith and nadir angles). Ojala, Pietikäinen e Mäenpää (2002) 

introduced local binary patterns (LBP) (Local Binary Patterns) as texture descriptors. The LBP is built from a local 

3 × 3 neighborhood over a central cell. Liao (2010) extended the LBP to standards of three values, defined as 1 if its 

value exceeds the value of the central cell by at least t where t is a specific threshold value. A neighbor is labeled -

1 if its value is at t less than the value of the central cell, otherwise, the neighbor is labeled 0, as it has not exceeded 

the value of t. 

Jasiewicz e Stepinski (2013) to perform the processing of the DEM and the generation of the geomorphons, 

the online application was made available at the electronic address << http://sil.uc.edu/geom/app >>. The 

application code is also available for download at on http://sil.uc.edu/, and which can be implemented in the SAGA 

software environment. The application requires a set of raster data and two scalar values as parameters. The input 

file for the scan is a DEM and the two parameters are lookup L (distance in meters or cell units) and threshold 

(leveling in degrees). For the free parameters, an L value equal to 20 pixels (1800 meters) and degrees t equal to 2º 

was applied.  

The final product representing a cross of lithological information, altimetric data and analysis of relief shapes 

and elements determined by the landforms units of the river basin (Figure 2). 
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Figure 2. Flowchart showing the layers of information used to define the Landforms Units. 

4. Results 

The fluvial hierarchy of the drainage network of the Paraguaçu river basin (Figure 3), carried out on the 

hydrographic map in the scale 1: 50,000, is classified as 5th order with an extension of the 128.77km. The basin has 

an important asymmetry in the distribution of the tributaries in relation to the main river, not only in relation to 

their extension, but also in terms of density.  

The left bank receives the Santo Antônio, Piranhas, Capivari, do Peixe, Paratigi, Saracura, Paulista, Preto, 

Bonito, Utinga, Cochó, Jacuípe, Tupim and Curimataí rivers, among others, of smaller size. While on the right 

bank, only the rivers of Una, Palma, Cambuca and the São Francisco, Vermelho, Roncador, Toca da Onça, Grande 

and Sebastião streams and other smaller tributaries. The Capivari, Peixe and Jacuípe rivers, all on the left bank, are 

4th order channels.  

 

 

Figure 3. Hidrographic Map of the Paraguaçu river Basin 
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According to Souza, Melo e Kosin (2003), the Tectonics Domains in Paraguaçu river basin are represented in 

(Figure 4). The geomorphologically compartments are represented in the (Figure 5) as reported by IBGE (2010).  

 

Figure 4. Tectonic Domains Map of the Paraguaçu river Basin 

 

 

Figure 5. Geomorphology Map of the Paraguaçu river Basin 
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The analysis of the relief in the basin was determined the variation in altitude, the landforms (Figure 6) and 

the geomorphons elements (Figure 7).  

 

 

Figure 6. Hipsometric and Landforms Maps of the Paraguaçu river Basin 

 

 
Figure 7. Geomorphons elements Map of the Paraguaçu river Basin 

 

The information and data of lithological and morphological was evaluated allowed to determine 10 

Landforms Units (Figure 8) and (Table 2). Some of the main landforms units that make up the landscapes of the 

Paraguaçu River basin, are represent in (Figure 9). 
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Figure 8. Landforms Units Map of the Paraguaçu river Basin 

 

Table 2. Quantification of the landforms units 

Landforms Units Area km² Porcentage 

Unit 01 4,719.31 8.59 

Unit 02 14,197.61 25.85 

Unit 03 4,105.95 7.48 

Unit 04 1,601.99 2.92 

Unit 05 6,228.64 11.34 

Unit 06 5,996.59 10.92 

Unit 07 1,702.57 3.10 

Unit 08 3,111.04 5.66 

Unit 09 7,085.94 12.90 

Unit 10 6,173.11 11.24 
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Figure 9. A) Sincorá Saw. Unit 9. Source: Augusto J. Pedreira. B) Iaçu city. Unit 8. Located between the Sertaneja Depression 

and the Hills of Middle Paraguaçu. Source: LK Comunicações. C) Pedra do Cavalo Dam. Flooded areas are the units 5 and 1. 

Country Tray. Source: Carlos Augusto. D) Orobó Saw. Ruy Barbosa city. Unit 10. Source: Junior Queiroz. E) Itatim city. Unit 2 

and 7. Sertaneja Depression. Source: Geraldo Marcelo Lima. F) Cities of Cachoeira and São Félix, low course of the Paraguaçu 

river. Unit 6. Pre-Coastal Trays. Source: Carlos Augusto. G) Morro do Chapéu Plateau. It constitutes units 3,5,6 and 9. Source: 

Rogério Ruschel. H) Unit 1. Souto Soares Landing. Source: Government of the State of Bahia. I) Íguape Bay. Units 1 and 5. 

Source: Carlos Augusto. 

 

The region of the upper course of the Paraguaçu River is geomorphologically represented by the Chapada 

Diamantina, which is made up of a block controlled by folds and faults with altitudes above 700 meters and in 

some places surpassing more than 1500 meters of altitude in the busiest relief. 

Section the highest altitudes of the Chapada Diamantina within the Paraguaçu River basin occur in the West 

/ Southwest in the geomorphological region of the Central Pediplane (Pediplano Central), with landforms 

developed by Meso / Paleoproterozoic metarenites and metasiltites. These rocks constitute the tectonic Domain of 

the Espinhaço Rift, which represents a rift-sag-type basin that exhibits a rift phase followed by a flexural phase due 

to the change in the subsidence regime from mechanical to thermal, without evolving to a passive margin with the 

development of oceanic scattering centers (Allen e Allen 1990). The landforms and the organization of the drainage 

network are presenting one by strong lithostructural control. There is an association of areas with planning 
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modeled are marked by strong lithostructural control. There is an association of areas with planing modeled and 

areas of medium dissection.  

The planing areas are represented by slightly undulations hills, characterized in unit 5, where the 

predominant elements are of the flat type, with 28%, slope, 25%, and shoulder, with 10% of the total geomorphons 

elements. The dissection portions are represented in the geomorphological region of Western Edge Saw (Serra da 

Borda Ocidental) and principally Sincorá Saw (Serra do Sincorá) (Figure 10A), with landforms of the undulations 

hills associated with large hills and buttes, unit 9 landforms, where the elements are of the broad slope and spur.  

In the Paraguaçu basin, the southern portion of the geomorphological region of the Central Pediplane of 

Diamantina Plateau (Chapada Diamantina) is represented by the landforms unit 4, which is characterized by forms 

of slightly undulations hills with flat top broad elements of the flat type, with 44% and slope with 23% of the total 

elements. The landforms are related to the presence of a Paleogenic Detritus Lateritic Coverage (Cobertura 

Detrítica-lateritica Paleogenica) possibly originated from the old pediplanes. 

In the northern portion of the basin, on the eastern Sincorá edge saw (Figura 10A), occurs depression with 

important changes in the forms of relief, interpreted due to the variation of the tectonic domain. There is a sequence 

of lithologies formed in the Neoproterozoic sedimentary basin of the Irecê of the São Francisco Craton, formed by 

sequences of fine to coarse calcarenites and calcilutites developed as a consequence of extension events that 

occurred between 900 and 600 Ma (CONDIE, 2002). Geomorphologically it represents the Solto Soares Landing 

region (Patamar do Solto Soares) (Figure 10H), karstic control areas with weak dissection models and planed 

surfaces, in addition to dissolution processes. The flat area, as unit 1 of landforms, is represented by the flat element 

with more than 80% of the total area. 

On the eastern Sincorá edge saw the karst areas are associated with sedimentary rocks in the Una-Utinga 

Basin, constituting the geomorphological region of the Utinga Landing (Patamar da Utinga), with where a are 

predominant of the landforms type slightly undulations hills, however, with variations that allow it to be divided 

into two portions. In the southern portion, the landforms develops almost entirely on limestone rocks presenting 

forms of slightly undulations hills associated with undulations hills marked by elongated slope and ridge elements 

next to the river valleys, defined by the landforms of the unit 5.  

In the North portion, the association with flat areas is important, developing a relief, represented by unit 3 of 

landforms, where the shapes are a series of pediplanes with dissection processes on Paleogenic Detritus Lateritic 

Coverage (Cobertura detrítica laterítica) and associated with areas of quartz metarenite plateaus of the 

Mesoproterozoic. The flat element in this unit corresponds to almost half of the entire unit. This Landforms, unit 

3, is also associated with the geomorphological region of Morro do Chapéu Plateau (Chapada do Morro do 

Chapéu) (Figure 10G).  

Leaving the area of the first step of the Diamantina Plateau the Paraguaçu River penetrates its middle course, 

in relief carved on the pediplanation surface of the Paraguaçu Cycle, forming the Paraguaçu Surface. The medium 

course is characterized by areas with low rainfall and the presence of open Caatinga (semiarid biome), in shallow 

and stony soils. River courses are intermittent or even ephemeral; they are characterized by a fast and variable 

flow, closely dependent on rainfall, with floods characterized by a rapid rise in water level (IBGE, 1999). In this 

area there is a transition from depression to an elevated area that corresponds to the region of the Middle 

Paraguaçu Plateau with the springs of the Tupim, Capivari and Peixe rivers. It constitutes, tectonically, the Archean 

Sheets (Arqueano Lençóis) a block formed by basement rocks. The western and eastern edges of the Landing 

(Patamar) consist of relief of rolling hills, landforms unit 6, on a substrate of Paleoproterozoic granitoids and 
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Paleoarquean gneisses, forming an association of slope, ridges and valleys. There is observed through the elements 

of the landforms that the transition at the western edge is gradual, while at the eastern one it is abrupt. 

The highest areas of the Middle Paraguaçu Landing (Patamar do Médio Paraguaçu) are formed by a heavily 

dissected relief with hills, buttes and large hills that occur aligned with steep slopes controlled by deep fractures 

and faults, represented by the landform unit 10, marked by short slopes, ridges and narrow valleys. The lithologies 

are represented by Archean sequences of gneisses, metagranitoids and metavolcanics, and metasedimentary rocks. 

In this type of landforms, the elements of the peak and pit are relatively important. 

Included in this landforms unit occur a very peculiar shape, marked by the oriented ridge and wide slopes, 

associated with the exposure of an intrusion of metabasite Paleoproterozoic that constitutes the Orobó Saw (Serra 

do Orobó) (Figure 10D). 

In the extreme south, truncated by the main channel of the Paraguaçu River, it develops in a landforms of 

slightly undulations hills, defined by landforms unit 2, which constitutes the Middle Paraguaçu Pediplane 

(Pediplano do Médio Paraguaçu). It transitions to the Southwest to landforms unit 10, which represents a set of 

large hills lined with ridges and escarpments surrounded by narrow valleys where the drainage network 

representing the Hills of Middle Paraguaçu (Morrarias do Médio Paraguaçu . To the Southeast, there is landforms 

of the rolling hills, unit 6, in the Maracás Plateau. 

The Paraguaçu River channel advances to the East, crossing the relief of Unit 8 with the shape of hills and 

Middle Paraguaçu hills (Figure 10B), and areas of undulated hills of Middle Paraguaçu Pediplane. This landforms 

unit is characterized by an association of flat (23%), slope (19%), valley (15%) spur (10%) and hollow (10%) 

elements. 

The medium course of the Paraguaçu River basin changes to a flattened surface with flat land and slightly 

undulations hills, where flat elements predominate, with more than 70% of the total and dispersed shoulder and 

footslope elements, which determine the landform unit 2 (Figure 10E). This region is composed of Precambrian 

basement rocks composing the tectonic environment of the orogenic belt formed by the Salvador-Curaça domain 

in the North, represents the Jacuopé Depression and, in the South, the Jequié domain representing the Middle 

Paraguaçu Pediplane. It occurs as portions within unit areas that mark landforms of the flat areas, landform unit 

1, associated with the presence of Paleogenic Detritus-Lateritic Coverage, forming buttes with flat tops, and 

covering portions of the basement where the flat element corresponds to more than 80% of the total elements. 

Other forms, which occur dispersed in this wide flat relief, are the large hills lined with longitudinal ridges 

and isolated massifs, landforms unit 7 (Figure 10E), identified by elements of the slope, spur and ridge type, which 

develop, predominantly, on granite bodies of the Proterozoic. 

In the lower course, the Paraguaçu River undergoes an inflection towards the Southeast controlled by the 

Barreiras Formation and Recôncavo Basin, that form the springs on the left bank of the Jacuípe River, the last 

important tributary of Paraguaçu, where the featureds represented by landforms unit 7, which are forms large hills 

and buttes scattered in slightly undulating areas, which represent the region of Hills of Lower Jacuípe (Morraria 

do Baixo Jacuípe). 

The Paraguaçu River reaches the Pedra do Cavalo dam (Figure 10C), built in the 1980s, promoted changes in 

the hydrological regime and affected the estuarine region (GENZ, 2006), from the lower course of the river, passing 

through the Iguapé Bay to the Paraguaçu River channel -BA. In the area that comprises the flooded area of the 

Pedra do Cavalo dam, the substrate is gneisses of the Precambrian with many areas covered by the Paleogenic 

Detritus lateritic Coverage forming the Country Trays (Tabuleiros Interioranos). It constitute a relief of an 
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association of slightly undulated hills and undulated hills that representings the landforms unit 5 and the landform 

flat areas, determined by the unit 1, are related to the top portions of Paleogenic Detritus – Lateritic Coverage. 

Downstream from the Pedra do Cavalo dam to the Bay of Iguapé, the Paraguaçu river flows over rocks of the 

Precambrian basement with a dissection relief of the Pre-Coastal Trays (Patamares Pré-Litorâneos) (Figure 10F) 

characterized by undulated hills with narrow slope elements and ridge elements, spur and associated short valleys. 

In the Iguapé Bay (Figure 10I), the contact of these lands with the basement occurs through a rupture of the relief. 

This coincides with the fault that delimits the eastern edge of the Recôncavo basin with Cretaceous age, where 

there is a transition from landforms undulating hills to slightly undulations hills and flat areas (unit 2) next to 

Todos os Santos Bay with sandy and mangroves. 

5. Conclusion 

This work confirms that landforms can be described and quantified into simple relief elements by 

parameterization of digital elevation model (DEM). In this research, the investigation of the morphometric 

parameters using equations applied to numeric models to characterize elemental forms associated with 

landforms, provide an input for pattern-based query tool capable of identifying all local landscapes similar to a 

given reference.   

In this sense, associating the geomorphons elements and landforms with the nature of the lithologies and 

diverse structural was possible to describe and analyze the relief in 1 to 10 distributed from the upper course of 

the Paraguaçu River represented by the high plateau named Chapada Diamantina and the plane areas successively 

placed to downstream and characterized by slightly undulations each with specific elements. 

The combination of different mapping techniques combined with increasingly modern and accessible digital 

mapping methodologies makes it possible to enrich the descriptions and expand the discussions on mapping in 

river basins, while using traditional mapping works in Brazil. The Paraguaçu River basin has a complex 

morphology and the combination of these different mappings and methods allowed the definition of ten landforms 

units. 

This results expand the discussion on the use the digital relief-modeling theme to describe and assist in the 

construction of more detailed systematized geomorphological maps. 
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