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APRESENTACAO

A colecao “Ciéncias Exatas e da Terra: Aprendizado Integracdo e Necessidades do
Pais” € uma obra que objetiva uma profunda discusséao técnico-cientifica fomentada por
diversos trabalhos dispostos em meio aos seus dezoito capitulos. O volume abordara de
forma categorizada e interdisciplinar trabalhos pesquisas relatos de casos e/ou revisées
que transitam nos varios caminhos das Ciéncias exatas e da Terra bem como suas
reverberagdes e impactos econémicos e sociais.

O objetivo da obra é apresentar de forma clara e categorizada estudos e pesquisas
realizadas em diversas instituicdes de ensino e pesquisa do pais. Em todos esses trabalhos
a linha condutora foi o0 aspecto relacionado as Ciéncias Naturais tecnologia da informacéo
ensino de ciéncias e areas correlatas.

Temas diversos e interessantes sdo deste modo discutidos aqui com a proposta
de fundamentar o conhecimento de académicos mestres e todos aqueles que de alguma
forma se interessam por inovacdo tecnologia ensino de ciéncias e afins. Possuir um
material que demonstre evolugéo de diferentes campos da engenharia ciéncia e ensino de
forma temporal com dados geograficos fisicos econémicos e sociais de regides especificas
do pais é de suma importancia bem como abordar temas atuais e de interesse direto da
sociedade.

Deste modo a obra Ciéncias Exatas e da Terra: Aprendizado Integracéo e
Necessidades do Pais apresenta uma profunda e sélida fundamentagéo teérica bem com
resultados praticos obtidos pelos diversos professores e académicos que desenvolvem seu
trabalho de forma séria e comprometida apresentados aqui de maneira didatica e articulada
com as demandas atuais. Sabemos o0 quéo importante € a divulgagéo cientifica por isso
evidenciamos também a estrutura da Atena Editora capaz de oferecer uma plataforma

consolidada e confiavel para estes pesquisadores exporem e divulguem seus resultados.

Francisco Odécio Sales
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ABSTRACT: Among the categories of quality
elements of 1ISO 19.157 logical consistency
is still little discussed in the academic world.
Topological consistency an element of the logical
consistency aims to ascertain the compliance
of topological rules of real-world modeling for
a dataset in a process known as topological
validation. In this context this work was proposed
to present fundamental concepts and topological
rules for validation of hydrographic elements
in a case study applied to the Alto Paraguai
watershed. This study was performed considering
three types of topological validation: inter-class
intra-class and specific. It was used the official
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WATERSHED

dataset of the Brazilian Water Agency (Agéncia
Nacional de Aguas — ANA) referring to the
Ottocoded Hydrographic Base (Base Hidrografica
Ottocodificada — BHO /2013). In the inter-class
validation the topology between the following
classes was studied: drainage point drainage line
standing water and watercourse. It was verified
that most of the inconsistencies are associated to
the lack of connectivity between the polygon-type
classes with the other classes. In the intra-class
validation the drainage line class was evaluated
where practically no inconsistency was found
except for some small angles. Similarly in specific
validation there was no problem in the drainage
network thatis all lines were correctly directed to
represent the water flow. However by checking
the types of drainage points it was observed that
they do not adequately model all situations that
may occur especially in flat areas such as the
Pantanal.

KEYWORDS: Topology Watershed Drainage
Network Quality Control Pantanal.

VALIDAGAO TOPOLOGICA: ESTUDO
APLICADO A FEIGOES DE UMA BACIA
HIDROGRAFICA

RESUMO: Entre as categorias de elementos de
qualidade da ISO 19.157 a consisténcia l6gica
ainda € pouco discutida na esfera académica.
A consisténcia topolégica um elemento da
consisténcia logica visa verificar a conformidade
das regras topolégicas de modelagem do
mundo real para um conjunto de dados em um
processo conhecido como validagéo topoldgica.
Neste contexto este trabalho foi proposto para
apresentar conceitos fundamentais e regras
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topolégicas para validacdo de elementos hidrograficos em um estudo de caso aplicado a
bacia do Alto Paraguai. Este estudo foi realizado considerando os trés tipos de validagéo
topologica: interclasses intraclasse e especifica. Foi utilizado o conjunto de dados oficiais da
Agéncia Nacional de Aguas (ANA) referente & Base Hidrografica Ottocodificada (BHO) de
2013. Na validacgéo interclasses estudou-se a topologia entre as seguintes classes: ponto
de drenagem linha de drenagem massa d’agua e trecho de massa d’agua e verificou-se
que a maioria das inconsisténcias esta associada a falta de conectividade entre as classes
do tipo poligono com as demais classes. Na validagéo intraclasse avaliou-se a classe trecho
de drenagem onde praticamente nenhuma inconsisténcia foi encontrada exceto algumas
feicdes com angulos menores que a tolerancia. Semelhantemente na validagéo especifica
nao houve problema na rede de drenagem ou seja todas as linhas foram corretamente
direcionadas para representar o fluxo d’agua. No entanto verificando os tipos de pontos
de drenagem observou-se que eles ndo modelam adequadamente todas as situacdes que
podem ocorrer especialmente em areas planas como o Pantanal.

PALAVRAS - CHAVE: Topologia Bacia Hidrografica Rede de Drenagem Controle de
Qualidade Pantanal.

11 INTRODUCTION

Several automatic methods of generating drainage network have been applied for
cartographic production (Andrades Filho et al. 2009 Bosquilia et al. 2015 Cherem et al.
2009 Dos Santos & Shiraiwa 2012). It happens mainly because the manual methods are
more laborious and with greater subjectivity depending on the photointerpreter’s experience
(Bosquilia et al. 2015).

Accordingly to Franca and Ferreira da Silva (2018) due to a large number of non-
mapping specialists and different methods more discussions are emerging about the
reliability of geospatial data. So the following quality categories about these data must be
evaluated: completeness logical consistency positional accuracy temporal accuracy and
thematic accuracy (Franca et al 2017 Franca et al 2019).

Several types of research on the positional accuracy have already been performed
nevertheless studies that relate the geometric properties with the topological ones are still
little approached in the academic sphere (Abed-Elmdoust et al. 2017).

Topological consistency is an element of the data quality category called logical
consistency which is defined as the degree of adherence to logical rules of the data structure
attribution and relationships (ISO 2013 INSPIRE 2007).

Then topological consistency corresponds to the correctness of the explicitly
encoded topological characteristics of a dataset (ISO 2013 INSPIRE 2007). In other
words it refers to relative relationships between spatial elements (Ellul & Haklay 20086).
These relationships can be performed by verifying connectivity adjacency containment or
proximity situations (Franca et al 2018).

Topology in Geographic Information System (GIS) is the arrangement that defines
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how point line and polygon features share coincident geometry aiming to model accurately
geometric relationships (ESRI 2016) that is how places and locations related to one
another similarly the real-world situations (Franga 2018).

The topological validation checks topological consistency (IBGE 2017) and seeks
to assess the adequacy of geographical data for a particular purpose (DSG 2016). That is
why the topology validation has long been a key GIS requirement for data management
and integrity (ESRI 2016).

Hydrographic elements include the marine areas and all other inland water bodies
and items related to them (INSPIRE 2014). A watershed (synonym for drainage basin
river basin catchment area or drainage area) is the area where the water is collected and
directed through a drainage network.

Drainage network according to the specifications of the Brazilian Spatial Data
Infrastructure (Infraestrutura Nacional de Dados Espaciais - INDE) must be modeled as a
class of line features called the drainage lines. They correspond to permanent or temporary
water bodies in accordance with the vector acquisition scale (CONCAR 2010).

According to Dos Santos & Shiraiwa (2012) drainage networks are topographic
features that favor the accumulation and flow of surface water. They are composed of
channels organized in a characteristic pattern. Cherem et al. (2009) also consider these
fluvial channels are characterized by their hierarchy sinuosity and slope as well as their
spatial arrangement.

The drainage network is an important indicator of changes that occurred in the
composition of the watershed landscape either due to changes in its structure shape
or by loss or gain of channels (Nascimento et al. 2008) being a primordial element in
the maintenance of the biota and in the definition of processes responsible for the relief
sculpture (Cristo & Robaina 2014).

The watershed is considered a fundamental unit for the conservation of the
environment and serves as a basis for planning and management due to the integrative
character of its elements (Bosquilia et al. 2015 Albuquerque & Oliveira 2015).

Andrades Filho et al. (2009) and Abed-Elmdoust et al. (2017) mention the difficulty of
elaborating hydrological maps due to the high dynamics and complex topology of drainage
networks. Santos Silva et al. (2008) and Paranhos Filho et al. (2017) report the scarcity
of information on global application systems that uniquely and efficiently references and
identifies the watersheds. Therefore there is a need for solutions based on vector structure
of networks that refer through linear addressing mechanisms each segment of a drainage
network (Santos Silva et al. 2008).

The consistency of the data representing a drainage network guarantees greater
reliability to geographical analyses (Franca 2018). The correct delimitation hierarchization
and coding of river basins and drainage networks are essential to the management of
surface and subsurface waters (Singh et al. 2014 Elbeih 2015) and in the modeling of
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erosive processes dispersion of nutrients and pollutants (Uzeika et al. 2012).

21 OBJECTIVE

Topological validation has the purpose of identifying and correcting topology
inconsistencies by automatic or manual processes (Passos et al. 2017). It can be classified
into three types (IBGE 2017):

+ Intra-class topological validation - aims to identify inconsistencies in the geome-
try and topology between the features of a class

+ Inter-classes topological validation - aims to identify topology inconsistencies
between classes based on the topological relationship rules for the classes in
the data model

«  Specific topological validation - aims to check situations not explicit in the data
model.

The inter-classes validation is usually described in entity-relationship diagrams
(CONCAR 2010). However due to the complexity in the construction and validation of the
classes of a watershed this research sought to explore the main topological rules common
and specific to the features of these classes.

The Brazilian Technical Specifications for the Acquisition of Vector Geospatial Data
(DSG 2011) presents general rules for the construction of hydrographic elements as
regards geometry topology and attributes of each class.

Also it is noted the importance of the drainage network due to its relation to virtually
all elements of a watershed. So DSG (2011) standardizes the network as the class drainage
line accordingly to the following principles: the use of line type geometry the lines must be
vectorized from upstream to downstream the start and end points of each line must touch
an object of the Drainage Point class and the features of the Drainage Line class must
represent the main flow of the water stream.

In the environment it is possible to observe some possibilities for the drainage points.
Each of them is represented in the diagram of Figure 1 and described below:
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Figure 1: Entity-relationship diagram for Drainage Network.

- Start Point: point where a drainage network begins as a water source spillway
or something similar

+  End Point: point where a drainage network ends as a river mouth outfall sink
or something similar

+  Confluence: point where two or more drainage lines converge resulting in only
one line

»  Branch: point where a drainage line splits into two or more lines

+  Attribute Change: point where a change of characteristics (attributes) occurs.

The flow direction defines the hydrological relationships between different points
within a river basin (Renn¢ et al. 2018). Therefore for the existence of functional drainage
it is necessary the correct construction of the lines that compose the network through the
sequence of points that represents the direction of water flow (Figure 2). To do this there
are automatic procedures for assigning the flow direction from the orthometric height (H)
obtained from a Digital Elevation Model (DEM) (Bosquilia et al. 2015) although the success
of this procedure is closely linked to the accuracy of the DEM (Gopinath et al. 2014).
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Figure 2: Flow Direction in a Drainage Line.

Yang et al. (2017) study the similarities between engineered versus natural drainage
networks because both involve gravity-driven and directed flows. In general they consist of
junctions and conduits which correspond to nodes and edges.

Thus when it is desired to perform an accurate analysis of the drainage network it is
essential to ensure the correct orientation of the drainage lines as well as the connectivity
between them. A validated drainage network allows the automatic identification of all
drainage points and their influence on environmental and hydrographic studies (Franca
2018).

Therefore the objective of this work is to present the main topological inconsistencies
of hydrographic elements in the watershed of Alto Paraguai made available through the
Brazilian Waters Agency (Agéncia Nacional de Aguas — ANA).

31 MATERIALS AND METHODS

The study area (Figure 3) corresponds to the Alfo Paraguai watershed located in
the north of Paraguay south-east of Bolivia and mid-west of Brazil in the states of Mato
Grosso and Mato Grosso do Sul. This area is known for the predominance of wetlands and
its biome is called the Pantanal.
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Figure 3: Study Area.

The hydrographic elements studied in this work is described in Table 1. They are

available by ANA as shapefiles of the Ottocoded Hydrographic Base (Base Hidrografica
Ottocodificada — BHO / Multiscale 2013).

Class Geometry Description
Drainage Point Point Point of connectivity between two drainage lines or
more (CONCAR, 2010).
Drainage Line Line Linear representation of the main water flow of a
waterbody (ANA, 2015).
Waterbody Polygon Surface with significant accumulation of water. It can be

classified in Standing Water (lakes, ponds, etc.) or
Water Course (rivers, stream, canals, etc.) (INSPIRE,

2014), accordingly the existence of water flow.

Table 1: Description of the hydrographic elements

These vector data are compatible with 1:250 000 scale in the Taquari River sub-
basin and with 1:1 000 000 scale for the other areas (ANA 2015).
ANA used the Otto Pfafstetter methodology for official codification of river basins

and watercourses. This coding follows a system of unidirectional flows of the hydrographic

network allowing the query of topological information of the network based only on the

encoding attribute (Romanholi & Queiroz Filho 2018).
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For validation analysis and mapping the open source software QGIS 2.18 was

used with the Plugin DSGTools for inter-class topological validation and Python algorithms

created by Francga (2018) for intra-class and specific topological validation.

3.1 Inter-class topological validation

The rules for this validation were obtained from the conceptual model standardized

by CONCAR (2011). Figure 4 corresponds to an extract of the entity-relationship diagram

of the classes analyzed.

The Watercourse and Standing Water classes are a specialization of the Waterbody
class being obtained from original data through the selection of the features based upon

their attribute type of water body.

E Waterbody

0..2 touches
S

0.*

=y
*

____________

s e v

Y Point feature class
— Line feature class
[ Polygon feature class

Figure 4: Entity-relationship diagram for the analyzed classes.

In the diagram the relationships and cardinalities between the classes are defined.

For instance a Drainage Line must be within 0 and 1 Watercourse. The same relation in

the opposite direction means a Watercourse must contain from 1 to many Drainage Lines.

In this context some inter-class topological validation rules were listed to be checked

in this paper and are described in Table 2.

The number of rules between classes is not exhaustive. For example rules 04 and
05 are nothing more than rules 02 and 03 in the opposite direction. Rules 06 and 07 are
examples of situation checks that should not occur based on real-world modeling.

Rule Class 1 Must | Topology Class 2 Cardinality
01 Drainage Line | yes | touches | Standing Water 0.2
02 Drainage Line | yes Within Watercourse 0.1
03 Drainage Line | yes | touches | Drainage Point 2.2
04 Watercourse yes | contains | Drainage Line 1.7
05 | Drainage Point | yes | touches | Drainage Line 1.%
06 | Drainage Point | no Within | Standing Water 1.7
07 | Drainage Line | no | Crosses | Standing Water 1.7
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Table 2: Rules for inter-class topological validation

3.2 Intra-class topological validation

In this work the Drainage Line class was considered as an example for intra-class
validation. So the validation verified common inconsistencies of geometry construction
being they self-intersection overlap minimum angle crossing between lines and line not
connected (Figure 5).

SELF-INTERSECTION OVERLAP MINIMUM ANGLE
— Line = Line 2
» Self-intersection point == Overlap 5 Minimum Angle
CROSSING LINES LINE NOT CONNECTED

/N

;,/\

= Line 1 = Line 1
- Line 2 - Line 2 Line 1 is not connected = Linel Line 1 must touch the
X Crossing betweent lines - Line 3 to Line 2 and 3 -~ Line 2 first or last node of Line 2

Figure 5: Examples of geometric inconsistencies for drainage lines.

The verification of the geometry’s problems have to be done before the validation
of the network considering that the network validation only makes sense when there are
no more problems in the construction of the geometries so that ensures the connectivity
between the drainage lines and solves all situation which in general do not occur in the real
world such as the case of self-intersections overlap and closed angles.

3.3 Specific topological validation

The drainage network validation is an example of specific topological validation
because its rules are not explicit in the data model. However it’s essential for defining
spatial relation between drainage lines considering the water flow and related properties
(Romanholi & Queiroz Filho 2018).

This validation checks inconsistencies based on the first and last points of a drainage
line. They must be classified into one of the situations for a drainage point (Figure 6)
otherwise it is considered an inconsistency (Figure 7).
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Figure 7: Examples of Network Inconsistency.

Another problem is the loop in the network (Figure 8) a type of inconsistency that

hurts the logic of the drainage network because the water following in its flow direction

cannot return to the same point but it can only follow from upstream to downstream.

P Flow direction
@ Loop in the network

Figure 8: Loop in the drainage network.

41 RESULTS AND DISCUSSIONS

The total number of features and measurements per class of the ANA’s Ottocoded

Hydrographic Base of the Alto Paraguai watershed is described in Table 3.

Ciéncias Exatas e da Terra Aprendizado, Integracéo e Necessidades do Pais

Capitulo 18



Class Source file name Features Measurement
Drainage Point geoft_bho_pontodrenagem 8652 -
Drainage Line geoft_bho_trechodrenagem 8485 100,031.11 Km
Standing Water geoft_bho_massa_dagua 2822 465.61 Km?
Watercourse geoft_bho_massa_dagua 327 791.71 Km?

Table 3: Number of features per class

For inter-class topological validation the rules described in Table 2 was verified and
the resulting number of inconsistencies for each rule are presented in Table 4.

Rule Description Inconsistencies
01 Drainage Line must touch Standing Water (0..2) 0

02 Drainage Line must be within Watercourse (0..1) 0

03 Drainage Line must touch Drainage Point (2..2) 0

04 Watercourse must contain Drainage Line (1..%) 325

05 Drainage Point must touch Drainage Line (1..%) 0

06 Drainage Point must not be within Standing Water (1..%) 8

o7 Drainage Line must not cross Standing Water (1..%) 144

Table 4: Total inconsistencies for inter-class topological validation.

The results show that depending on the direction of the relationship between
classes different results can be obtained. For example rule 02 where no inconsistency
was verified when rule 04 which checks the opposite direction of the relationship found
325 inconsistencies.

It is also observed that rules 01 to 03 expressed in the entity-relationship diagram
(Figure 4) were not effective in identifying inconsistencies unlike rules 06 and 07 that define
what must not occur between the classes. This evidences that a rule for determining what
cannot happen may be more efficient in finding topological problems than the general rules
of feature construction.

Figure 9 shows some cases of inconsistencies found in ANA dataset for checking of
rules 04 06 and 07. By visual inspection the two main reasons are:

+  Virtually all watercourses don’t contain at least one drainage line

»  The drainage lines are not connected to waterbodies.

Thus this explains the inconsistencies of standing water which is crossed by drainage
line or contains drainage points.
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Figure 9: Watercourses don’t contain at least one drainage line.

Figure 10 is an example of non-compliance with a logic rule assuming that standing

water has no water flow and therefore cannot contain or cross a drainage line or consequently

have a drainage point within it.
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Figure 10: Standing water with inconsistencies.
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For intra-class topological validation it was verified inconsistencies in the construction
of Drainage Line’s features. The numbers of inconsistencies are presented in Table 5 and

a situation of small angles are presented in Figure 11.

Inconsistency Quantity
Crossing between lines 0
Line not connected (tol < 0.5m) 0
Minimum angle (<45°) 17
Qverlap between lines 0
Self-intersection 0

Table 5: Number of inconsistencies for intra-class validation.
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Figure 11: Cases of inconsistencies in the intra-class validation.

For specific topological validation the drainage network was verified. In this validation
no network problem or loop was found in the original ANA’s dataset using the methodology
presented by Franca (2018). This is due to the fact that ANA obtains its dataset automatically
in order to ensure that drainage lines and watersheds are coded according to the Pfafstetter
methodology (ANA 2015) using recursive functions and routing algorithms (Romanholi &
Queiroz Filho 2018).

However in Table 6 the number of drainage points generated by Franca’s method
reveals some ANA’s dataset characteristics.
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Drainage Point Type Quantity
Start Point 4326
End Point 167
Confluence 4159
Branch 0
Attribute change 0

Table 6: Generated Drainage Points.

First itis observed that there is no branch occurrence in the drainage network which
is very unlikely to occur given the complexity of the catchment area in the Pantanal.

Second the attribute change point in ANA’'s dataset is also not observed. This is
due to the fact that the attribute changes of ANA’s drainage lines are not considered in the
connection between two lines but only at points of confluence (three lines).

Lastly ANA’s drainage points are only classified in “start” and “end” point as seen
in Figure 9. The start points coincide with the points generated by the Franga’s method but
most of the end points of the ANA’s dataset are actually confluence points.

In the real world the “end point” feature may represent a mouth to where the
water flow converges flowing into a water body (lake or ocean) or in rarer cases when
it encounters a sink feeding groundwater. Therefore the occurrence of “end point” is less
likely in a drainage network (Franga 2018).

51 CONCLUSION

This research had as objective to present the essential concepts for topological
validation of a watershed in a case study applied to the Alto Paraguai Basin. So this task
was performed following three aspects: inter-class intra-class and specific topological
validation.

Inter-class validation was approached and exemplified considering the classes
drainage point drainage line standing water and watercourse. In this validation it was
verified that the topological relations of the polygon type classes do not conform to rules
related to the line and point type classes and there is no type of connectivity between them.

Intra-class validation was applied in the class drainage line. No inconsistency was
found between the features of this class except some problems in the construction of
geometries with the existence of small angles (angle smaller than the minimum tolerated
angle).

As an example of specific topological validation the drainage line class was validated
following the criteria of a unidirectional drainage network adopted by Franca (2018). From
the analysis it was verified that there is no network inconsistency and no loop problem.
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However by evaluating the drainage points automatically generated and comparing
with the ANA’s drainage points it was verified that some situations that are observed in the
real world are not contemplated in the data such as the branch and attribute change points.

Modeling the environment and water behavior is not trivial. And when it comes to the
Pantanal is a challenge mainly because the drainage becomes very diffuse and variable
over time not behaving in a totally linear way through several marshes and swamps very
common in this great plain.

Nevertheless the current standards of geospatial data control quality indicate that
the level of compliance must be zero inconsistencies for topological validation (IBGE 2017
DSG 2016). This quality procedure proves that all care has been taken to create the vector
data in accordance with the logical model and appropriate for the real-world representation
besides allowing the results of studies and analyzes based on this data more reliable.
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