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Resumo

Geoparsing é a tarefa de recuperação de informação geográfica que lida com o recon-
hecimento das referências a lugares contidas nos textos. Além do geoparsing, duas
outras tarefas são usadas para resolver o Problema de Resolução de Escopo Geográfico
(PREG), as tarefas de resolução das referências e determinação das referências. O
PREG visa determinar o escopo geográfico de documentos, ou seja, os locais ou regiões
relevantes, considerando o conteúdo do documento. Vários trabalhos que tratam do
PREG ou de suas tarefas focam principalmente o método de solução em si. Além
disso, cada trabalho testa o algoritmo usando diferentes conjuntos de dados e fontes de
conhecimento externas, como os gazetteers. Esta tese propõe uma metodologia para
avaliar os gazetteers ao invés dos algoritmos. A abordagem varia o tamanho e a cober-
tura dos gazetteers, delimitando-os geograficamente, enquanto mantém o conjunto de
dados e os algoritmos fixos. Gazetteers focados podem aumentar a precisão (com baixa
perda de recall) na tarefa de geoparsing em comparação com os gazetteers generalistas.
Além disso, os gazetteers focados reduzem consideravelmente o número de candidatos
ambíguos para cada topônimo encontrado no geoparsing.

Palavras-chave: Recuperação de Informação Geográfica, Problema de Resolução de
Escopo Geográfico, Geoparsing, Gazetteers Focados, Geoparsing, Ambiguidade, Pre-
cisão.
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Abstract

Geoparsing is the geographic information retrieval task that deals with the recognition
of references to places contained in texts. Besides geoparsing, two other tasks are used
to solve the Geographic Scope Resolution Problem (GSRP), the reference resolution
and the grounding references tasks. The GSRP aims to determine the geographic
scope of documents, i.e., the locations or regions relevant, considering the document
content. Several works that deal with the GSRP or with its tasks focus mainly on the
solution method itself. Also, each work test the algorithm using different datasets and
external knowledge sources, such as a gazetteer. This thesis proposes a methodology
to evaluate the gazetteers instead of the algorithm. Our approach varies gazetteer size
and coverage, delimiting it geographically, while keeping the dataset and algorithms
fixed. We show that focused gazetteers can increase precision (with low recall loss) in
geoparsing compared to generalist gazetteers. We also show that focused gazetteers
considerably reduce the number of ambiguous candidates to each toponym found on
geoparsing.

Palavras-chave: Geographic Information Retrieval, Geographic Scope Resolution
Problem, Geoparsing, Focused Gazetteers, Geoparsing, Ambiguity, Precision.
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Chapter 1

Introduction

The amount of geographic data available and the demand for it, whether for mobile
applications or users on the Web, has never been higher [Elwood et al., 2012; Miller and
Goodchild, 2015; Singleton and Arribas-Bel, 2021]. Moreover, a substantial share of
the information available on the Web is geographically specific [Aloteibi and Sanderson,
2014; Delboni et al., 2007; Sanderson and Kohler, 2004; Vaid et al., 2005; Vasardani
et al., 2013]. Hu and Adams [2020] even emphasize that geographic data harvested
from unstructured texts have unique merits as it reflects real-time situations or records
essential historical information.

One valuable resource that can support such growth and availability is geoparsing,
i.e., the task of recognizing references to places in digital text documents. Automat-
ically performing this task is crucial but complex, and besides that, addressing this
problem is one of the pressings tasks for Geographic Information Retrieval (GIR) re-
search [Purves et al., 2018]. Figure 1.1 shows a conceptual schema of a generic GIR
system with some related components.

Figure 1.1: GIR System and related components

1



2 Chapter 1. Introduction

GIR is an extension of Information Retrieval [Baeza-Yates and Ribeiro-Neto,
2011] to handle geographic locations and metadata [Jones and Purves, 2009], taking
it beyond the use of keywords. GIR studies methods and techniques for information
retrieval from unstructured or partially structured sources, including relevance ranking,
based on queries that specify both theme and geographic scope [Jones and Purves, 2008,
2009].

A GIR system usually has a user interface and functions or modules such as query
processing, geographic ranking, geographic indexing, and geoparsing. Moreover, a GIR
system may use other elements such as document collection and an external knowledge
source. In Figure 1.1, a gazetteer represents the external knowledge source. A gazetteer
contains structured information about place names, associating the place names with
their geographic location, besides other descriptive information [Goodchild and Hill,
2008; Purves et al., 2018]. GeoNames1 and The Getty Thesaurus of Geographic Names2

are examples of global gazetteers. This thesis uses GeoNames as the primary gazetteer,
creating focused gazetteers from it. Focused gazetteers are gazetteers whose contents
cover a definite geographic region, for instance, a country, a state, or a city.

Besides geoparsing for references to places in texts, there are efforts to identify
these references in other media, such as photos and videos [Luo et al., 2011], including
implicit references. With documents accurately and efficiently linked to places men-
tioned in their content (directly or indirectly), it becomes possible to improve and
innovate in areas such as geographic indexing and geographic querying [Yadav et al.,
2020]. Moreover, it becomes feasible to obtain relationships based on spatial proximity
or containment and detecting localized trends for events and phenomena mentioned in
social media.

References to geographic locations in texts can appear in many forms. The most
straightforward form is geographic coordinates (latitudes and longitudes values). Ad-
ditionally, postal addresses (zip code in the United States, or CEP3 in Brazil) and tele-
phone numbers (the country code +55 refers to Brazil, and Brazilian DDD4 codes indi-
cate Brazilian states) are references to geographic locations. Historical dates (Septem-
ber 11 refers to New York), demonyms (Japanese refers to Japan and Ottawans point
to Ottawa city, in Canada), and typical food (wine and baguette remit to France)
are indirect references to places. Even non-spatial words such as mountain and beach
can indicate locations in a given context [Adams and Janowicz, 2012]. Often, humans

1http://www.geonames.org/
2http://www.getty.edu/research/tools/vocabularies/tgn/
3Postal Addressing Code is a code created by postal administrations to facilitate the logistical

organization and spatial location of an address
4 DDD are codes adopted for long distance dialing
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recognize these references, but correlation does not come so directly to automated
systems.

However, one of the most common form to reference locations in texts are the
toponyms. In short, a toponym is a name or a label to a particular place. This thesis
considered only toponyms as references to geographic locations. A broader discussion
about the concept of toponym can be found in Gritta et al. [2019].

Many queries also include toponyms and other geographic terms [Delboni et al.,
2007; Sanderson and Kohler, 2004; Silva et al., 2006]. Hence, there is a demand for
mechanisms to search for documents both thematically (for instance, using a set of
keywords) and geographically, based on places mentioned or referenced by the text
[Zong et al., 2005]. Similar techniques and resources can also apply to stream data,
such as Twitter messages [Di Rocco et al., 2020] or RSS feeds, providing the opportunity
to index content in near-real-time, based on place references.

These references to places, specially toponyms, can be ambiguous and uncertain
since not all of them are straightforward and distinct as geographic coordinates. Two
or more places around the globe can share the very same toponym5. Also, a toponym
can have an identical spelling as common language words6 and proper names7. The
first type of ambiguity occurs when the same toponym references multiple places, the
Geo/Geo ambiguity. The latter type is called Geo/Non-Geo ambiguity, which occurs
when both a location and a non-location share the same name [Amitay et al., 2004].
Besides those, Clough et al. [2004] suggest reference ambiguity, which occurs when
different names reference the same place. For instance, the New York city is also
known as NYC and The Big Apple.

Geoparsing is a task that helps to solve the Geographic Scope Resolution Problem
(GSRP). In short, the objective of the GSRP is to assign a set of places referenced by
and relevant to the document’s content. To Andogah et al. [2012], “every document
has a geographical scope” and, even keyword queries used in search engines can have
a geographic scope [Alexopoulos and Ruiz, 2012; Silva et al., 2006] since query words
embed the user’s intentions in the search.

Besides the geoparsing, GSRP solutions need two other tasks: reference resolution
and grounding references. The geoparsing aims to find geographic references present
in the text. The vast majority of works in the literature only address searching for
toponyms. The reference resolution task, if necessary, disambiguate these toponyms

5Paris, besides being the capital of France, is also the name of sixty other places, according to
GeoNames

6Park, Hope, and Independence are American cities
7Washington and Virginia are American states
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giving them a unique distinct location. The grounding reference task uses each disam-
biguated toponyms to generate a geographic scope (footprint) to the document.

GSRP solutions (or individual task solutions) often need an external knowledge
source. Each knowledge source has limitations, such as size, language, structure, or
range. This thesis focuses only on the geoparsing task and gazetteers as an external
knowledge source.

1.1 Motivation

Algorithms, datasets, and gazetteers have a direct impact on the solutions for the
GSRP. Several works that deal with the GSRP or individual tasks focus mainly on
the solution method itself. These works include experiments varying the proposed
algorithms, the dataset, and the gazetteers, making it difficult to compare different
solutions.

Since algorithms, datasets, and gazetteers impact GSRP (and its tasks), one of
the first questions to come up is, how can the impact of just one of these factors be
estimated? Then, a second question, why not to analyze the gazetteer’s influence,
instead of proposing a new solution method?

The idea was to show the influence of adopting different gazetteers in the geopar-
sing task. This idea motivated the proposal of a methodology approach that did not
vary all three elements but just one. Keeping the geoparsing algorithm solution and
datasets fixed, the question was how to evaluate the gazetteer, changing it in size and
scope?

It is reasonable to assume that broader and comprehensive gazetteers might pro-
vide more elements to recognize references to place names in the text. However, they
might generate more ambiguity in the reference resolution task (i.e., a term will be equal
to multiple entries in the gazetteer). Still, a more restricted and small size gazetteer
may help to avoid ambiguity. But a smaller gazetteer can miss some toponyms in the
geoparsing task (i.e., the candidate string from the text will not match any entry in the
resource). Then, how large is the influence, in numbers, of the gazetteer in a solution
in the geoparsing task?

Furthermore, the geotagged datasets used in experiments for different works, in
general, are not freely available to use [Gritta et al., 2018]. Several of these works create
datasets for the experiments, while others use some paid or benchmarking datasets.
Thus, a second motivation was to create a freely available dataset to be used in the
proposed methodology.
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1.2 Objectives and Contributions

The main objective is to show that a focused gazetteer improves the association of
places to documents in the geoparsing task. A focused gazetteer means a gazetteer
limited by the expected geographic scope of the data. In other words, limiting the
gazetteer enhances the results in relating places to documents. For instance, news
texts can have a primary geographic scope associated with them, depending on the news
portal’s section that holds the news. With this geographic information, it is possible
to generate focused gazetteers, limiting them based on the news dataset geographic
focus.

This thesis discusses the hypothesis that a focused gazetteer can provide increased
precision in the geoparsing task while generating less ambiguity in the process. A fo-
cused gazetteer can find fewer ambiguous candidates for the reference resolution task
compared to a complete gazetteer. This work proposes a methodology that changes
the size and the scope of the gazetteer (with focused gazetteers) while keeping algo-
rithms and datasets unchanged. This methodology approach suits verifying the thesis
hypothesis. Also, this work proposes a framework for manual validation by humans.

Besides, this research offers the following contributions:

• A survey about the GSRP and its tasks. The survey organizes consistent termi-
nology related to this problem. Also, it contains a classification of the solutions
present in the literature for the GSRP and its tasks [Monteiro et al., 2016];

• A methodological approach to evaluate gazetteers used in the geoparsing task.
This methodology compares different gazetteers while keeping the method and
the dataset fixed;

• A dataset with 529,585 news in Portuguese. All news items are associated with
a primary geographic scope;

• A small Portuguese news dataset (504 news) with places annotated by people.
This kind of dataset is valuable to compare the quality of the results of geoparsing
algorithms or even to compare different solutions to the geoparsing;

• A well-defined approach to evaluate the influence of focused gazetteers in associ-
ating places to text, specifically in the geoparsing task;

• A confirmation that focused gazetteers increase the precision in the geoparsing
task while generating less ambiguity. Precision, recall, and F1 score support the
potential ambiguity reduction found.
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1.3 Organization

The structure of this document is as follows:

• Chapter 2 sweeps the terminological variations to the GSRP and presents esta-
blished concepts and terms for the remainder of this document. It also describes
the problem and its tasks, specifically, the geoparsing. It contains the main
application areas related to and classification on solutions to geoparsing. Also, it
presents a solution classification to the other tasks, and to the GSRP, according
to the algorithm used.

• Chapter 3 details the methodology employed to evaluate a focused gazetteer.
Specifically, the chapter presents (1) the creation of a raw Portuguese news
dataset; (2) the use of a naive lookup-based geoparsing method with different
focused gazetteers; (3) the process to validate the results found in (2) by contri-
butions made by people.

• Chapter 4 shows the steps taken to analyze the results obtained. Precision and
recall metrics are used to assess gazetteers focused on the Geoparsing task. Also,
the potential of focused gazetteers about ambiguity is discussed and analyzed.

• Chapter 5 presents the conclusions and final considerations, and highlights future
works.



Chapter 2

Background

This chapter presents the necessary concepts for understanding this thesis. Firstly,
Section 2.1 overviews the GSRP, indicating all related components. Also, this sec-
tion discusses GSRP solutions. Section 2.2 presents the geoparsing task with several
solutions classified by the approach used.

A brief overview of the reference resolution and grounding references tasks is in
Section 2.3. Lastly, Section 2.4 formally describes the gazetteers. A large part of this
chapter is also in the survey “A survey on the Geographic Scope of Textual Documents”
[Monteiro et al., 2016].

2.1 Geographic Scope Resolution Problem

The Geographic Scope Resolution Problem [Alexopoulos and Ruiz, 2012; Andogah
et al., 2012; Alexopoulos et al., 2013] consists in discovering places related to the con-
tents of a textual document, disambiguating them if necessary, and using the resulting
set of unique places to build the overall geographic scope. In the literature, the GSRP
is known under other names, with equivalent definition, except for terminological dif-
ferences: Place Name Assignment Problem [Zong et al., 2005; Amitay et al., 2004] or
GeoReferencing [Gouvêa et al., 2008; Zubizarreta et al., 2008].

Although references to places can be of various forms (as mentioned in Chapter 1)
and the external knowledge base can be databases or ontologies, this thesis uses only
toponyms as references to places and gazetteers as a knowledge source. A toponym is
a general name for any location or geographical entity1 or a name for a topographical
feature [Gritta et al., 2018]. Different places around the Earth can share the same

1According to The United Nations Conference on the Standardization of Geographical Names:
http://unstats.un.org/unsd/geoinfo/UNGEGN/

7



8 Chapter 2. Background

name, and they can share the same name with people and other entities [Jones and
Purves, 2008; Habib and van Keulen, 2013]. Leidner [2007, 2008] presents an extended
discussion on place names, including a historical perspective about them. In short,
gazetteers are dictionaries of toponyms [Hill, 2000, 2006]. Section 2.4 expands this
concept of gazetteers.

Formally, the geographic scope of documents, or GS (D), is the set of places
associated with the content of a document D [Monteiro et al., 2016; Andogah et al.,
2012; Buyukkokten et al., 1999; Ding et al., 2000]. The GS (D) considers the places
mentioned in the document but does not necessarily need to admit all of them. In its
most simple form, the GS (D) corresponds to a set of coordinates of places mentioned
in the document. However, the GS (D) might represent these places more broadly, if
necessary. For instance, a document D mentioning Minas Gerais cities such as Ouro
Preto, Mariana, Diamantina, and Tiradentes can have a GS (D) = Minas Gerais or
GS (D) = Estrada Real2. Geographic document footprint [Fu et al., 2005; Silva et al.,
2006], geographic path [Vargas et al., 2012b], and geographic focus [Amitay et al., 2004;
Chen et al., 2010; Zubizarreta et al., 2008] are equivalent terms to geographic scope.

Figure 2.1 shows a system that solves the GSRP schematically.

Figure 2.1: The Geographic Scope Resolution Problem

The input is a document or a set of documents, and the output is the geographic
scope. Solutions for the GSRP need to execute three tasks over this input. The
first one, the geoparsing, identifies the toponyms in the document’s content. Then, if
necessary, reference resolution algorithms disambiguate these toponyms, indicating a

2The name "Estrada Real" refers to any land route that, at the time of Colonial Brazil, was
covered in the process of settlement and economic exploitation
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unique place for them. Lastly, the grounding reference creates the geographic scope of
the document using these disambiguated references.

In Figure 2.1, the white rectangles indicate the geoparsing, reference resolution,
and grounding references tasks. Solid arrows indicate the direct sequence of steps
to solve the GSRP. Dashed arrows mean that a later step result can contribute to
solving a previous one in further iterations. For instance, a disambiguated toponym can
contribute to finding other toponyms. Or the geographic scope of a document can help
to disambiguate the toponyms. There are studies that show that the geoparsing and
the reference resolution task can be highly dependent3 [Habib and van Keulen, 2011],
and Andogah et al. [2012] used a preliminary geographic scope of texts to help with
disambiguation. Geoparsing and grounding references are necessary to solve the GSRP.
Despite not being mandatory, toponym ambiguity demands executing the reference
solution task [Amitay et al., 2004].

The output of a system that solves the GSRP is the geographic scope of the
document. Tools and techniques from different areas can benefit from this output, for
instance, information retrieval (IR) and web data mining.

IR techniques as geographic indexing, filtering, and ranking can use the geo-
graphic scope to become more efficient. Documents with equal GS (D) can be indexed
together, and the GS (D) can help find the most suitable physical location for docu-
ments in a distributed storage infrastructure [Lieberman et al., 2010; Vaid et al., 2005].
Still, the GS (D) can expand queries using or toponyms topologically-related or places
that belong to the same subdivision hierarchy [Andogah et al., 2012; Delboni et al.,
2007; Machado et al., 2011; Moura and Davis Jr., 2014]. The geographic scope can con-
tribute to search engines, helping them recognize the toponyms in queries to improve
their results [Cardoso, 2011; Delboni et al., 2007; Martins et al., 2007].

Moreover, techniques of geographic filtering and document classification can im-
prove using the geographic scope. The GS (D) can provide criteria for filtering docu-
ments according to the users’ location [Lieberman and Samet, 2012b; Ribeiro Jr. et al.,
2012].Besides, the GS (D) can serve as criteria for classifying or grouping documents.
This classification makes it possible to create spatially-aware services such as map-
based news selection applications [Alencar et al., 2010; Alencar and Davis Jr., 2011;
Morimoto et al., 2003; Teitler et al., 2008; Silva et al., 2006].

Next, Section 2.1.1 describes solutions that resolve the GSRP as a whole.

3This is called “reinforcement effect”.
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2.1.1 GSRP solutions

Initial works infer the geographic scope using the physical location of the web server
that hosts the document [Buyukkokten et al., 1999] or using the estimated localization
of the reader of the text [Wang et al., 2005]. Even though such correspondence may
exist in many cases, nothing keeps a Web server from hosting content that is unrelated
to its place. Hybrid approaches tried to correct this problem using server location and
document contents [Ding et al., 2000; McCurley, 2001]. More recent solutions tend to
use the content of the documents. Besides the toponyms, some works solve the GSRP
finding other reference types such as urban addresses, telephone, and postal area codes
[McCurley, 2001; Borges et al., 2011, 2007].

The geoparsing for the references to places uses from own techniques to third-
party tools. Zubizarreta et al. [2008] use a controlled dictionary in geoparsing and
heuristics to resolve the ambiguity in the reference resolution step, while Silva et al.
[2006] use a NER (Named Entity Recognition) method plus a graph-ranking algorithm
for the same two tasks. Zong et al. [2005] use third-party software to perform the
geoparsing and a rule-based approach to disambiguate the toponyms. Graphs [Zu-
bizarreta et al., 2008; Silva et al., 2006] or trees [Zong et al., 2005] serve to structure
the geographic scope.

Vargas et al. [2012a,b], Zhang et al. [2012], and Andogah et al. [2012] also have
a multistage method. Both Vargas et al. [2012a,b] and Zhang et al. [2012] use a third-
part tool in the geoparsing task. However, they use a different strategy in the reference
resolution task. Vargas et al. [2012a,b] use GIS functions, while Zhang et al. [2012]
run a disambiguation procedure, GeoRank, which adapts PageRank [Page et al., 1999]
to solve the Geo/Geo ambiguity, and heuristics to solve the Geo/Non-Geo. Andogah
et al. [2012] first find the geographic scope, then applies the reference resolution task.

Some works structure the process differently or start with a definite set of as-
sumptions and boundary conditions. The K-Locator system needs the document do-
mains and a comprehensive ontology covering these domains [Alexopoulos et al., 2013].
Borges et al. [2011, 2007] geoparses indirect references such as urban addresses and
their components: street names, telephone area codes, urban landmarks, and postal
addresses, using an ontology and regular expressions.

Many works that solve the GSRP outputs only a single integrated scope from
the set of geoparsed references [Amitay et al., 2004; Campelo and Baptista, 2008;
Chen et al., 2010]. The outputted GS (D) uses a hierarchical structure built from
relationships obtained using a gazetteer. Amitay et al. [2004] present some heuristics
to resolve references based on the principle “one sense per discourse”. This principle
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states, if an ambiguous toponym appears more than once in a text, all duplicates should
correspond to the same place.

A significant issue is the lack of an established benchmark to compare solutions
approaches for GSRP. Each article defines its dataset, algorithms, knowledge source,
and comparison methodology. Therefore, there is currently no direct way to establish
which approaches are more efficient. Empirically, Anastácio et al. [2009] tried to com-
pare some proposals. They analyze the Web-a-Where system [Amitay et al., 2004], the
spatial overlap-based method proposed in the GIPSY project [Woodruff and Plaunt,
1994], the graph-based algorithm (the GREASE project) [Silva et al., 2006], and three
simple baseline methods. They concluded that the Web-a-Where system achieved the
best results, closely followed by the GraphRank [Silva et al., 2006], and by the baseline
based on the most frequently occurring place. Nevertheless, there are challenges to use
the comparison methodology used by Anastácio et al. [2009] more broadly. In general,
it is necessary to modify the GSRP solutions to fit them into the Anastácio et al. [2009]
methodology.

In summary, the firsts GSRP solutions aimed to define the geographic scope
based on the infrastructure that hosted the documents and web pages. Actual works
use the references present in the text and follow multistage solutions (Figure 2.1) to
solve the GSRP. A broader discussion over these solutions is in [Monteiro et al., 2016].
Several solutions tend to concentrate on a single task that compounds the GSRP due
to the increasing complexity. The focus on solutions to part of the GSRP allows for
more compartmentalized solutions, with sets of techniques directed at each part of the
problem. Section 2.2 details the geoparsing task.

2.2 Geoparsing

This thesis mainly focuses on the geoparsing task. Geoparsing is the first required task
in solving the GSRP. The objective is to find all references to places in a text document.
These references can be direct as a toponym or indirect ones such as people, dates, and
other elements linked to geographic locations. Indirect references are called implicit
geographic evidence [Cardoso et al., 2008] or location indicators [Leveling et al., 2006].
They are urban addresses, references to related entities or landmarks, nicknames, or
even sets of coordinates. Some works use other names such as toponym recognition or
toponym extraction [Habib and van Keulen, 2013; Jones and Purves, 2008].

The geoparsing task is a specialized version of the Named Entity Recognition
problem [Nadeau and Sekine, 2007]. NER intends to identify the entities (people,
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places, organizations) mentioned in natural language sentences. So, it is possible to
use some NER algorithms to solve the geoparsing, seeking just for locations. In addition
to NER techniques, other solutions use lookup methods, matching candidate terms to
a gazetteer. Also, some solutions rely on heuristics or rules to find all references to
places.

Among the proprietary and open-source tools used to solve geoparsing are C&C
tagger4, Apache’s OpenNLP5, OpenCalais6, Yahoo!’s Placemaker7, Sheffield’s GATE8,
Ling-Pipe9, Stanford NER10, and spaCy NER11. Section 2.2.1 describes proposed so-
lutions to the geoparsing task.

2.2.1 Geoparsing solutions

According to [Monteiro et al., 2016], there are three solution approaches to solve the
geoparsing task: lookup-based, rule-based, and supervised ones. Also, each solution can
be language-dependent or language-independent. Supervised methods are generally
language-independent, while most other methods are language-dependent. Some au-
thors consider only two approaches for geoparsing: machine learning, and rule-based
[Habib and van Keulen, 2013], instead of the three defined in [Monteiro et al., 2016;
Leidner and Lieberman, 2011]. Figure 2.2 shows the geoparsing solution approaches.

Figure 2.2: Geoparsing Solutions Classification

4http://svn.ask.it.usyd.edu.au/trac/candc/wiki/Taggers
5https://opennlp.apache.org/
6http://www.opencalais.com/
7http://www.programmableweb.com/api/yahoo-placemaker
8https://gate.ac.uk/
9http://alias-i.com/lingpipe/

10http://nlp.stanford.edu/software/tagger.shtml
11https://spacy.io/
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Solution approaches lookup-based analyze each document, matching each candi-
date word (or set of words) against a gazetteer12. The quality of the gazetteer has a
direct impact on the quality of results. Incomplete gazetteers can miss many references
to places, and broader ones might generate more ambiguity. Lookup-based methods
are language-dependent if the gazetteer is likewise language-dependent. Multilingual
gazetteers can offer language independence.

Several works also use heuristics to identify candidates and then compare them
to an external knowledge source [Alexopoulos et al., 2013; Amitay et al., 2004; Chen
et al., 2010; Clough, 2005; Pouliquen et al., 2006; Purves et al., 2007; Zubizarreta et al.,
2008]. There are also more complex proposals using a more varied strategy applied for
obtaining candidates. Borges et al. [2011, 2007] use a gazetteer and an ontology plus
regular expression to look for toponyms and indirect references. Similarly, Shi and
Barker [2011] combine gazetteers and linguistic heuristics13 to geoparse for elements
as provider location and domain, markup components with coordinates, indirect refer-
ences (postal codes, phone numbers), and toponyms. Di Rocco et al. [2020] uses tweets
with a geographic scope of city granularity to geoparse toponyms at the sub-city level,
and Nizzoli et al. [2020] use a reference knowledge graph to geoparsing in free text and
extract the geographic coordinates.

Rule-based approaches use heuristics and a set of symbolic rules, such as regular
expressions or context-free grammars. Both heuristics and rules are encoded in a
domain-specific language, resulting in, in most cases, language-dependent methods.
Woodruff and Plaunt [1994] pioneered using a rule-based solution to geoparse texts,
looking for place names near lexical constructs that indicate spatial position. Silva
et al. [2006] and Lieberman and Samet [2011] use a part of speech (POS) tagger to
find proper nouns since toponyms tend to start with capital letters. These works
are language-dependent, built for texts in English. Twaroch et al. [2008] also use
regular expressions and filters to find toponyms. Still, Pouliquen et al. [2004] present
a rule-based approach for geoparsing multilingual texts. First, they discover the text
language. Then, they use a set of regular expressions to find country and city names.

Supervised methods use training annotated corpus containing the text associated
with the expected set of related places. In general, these training datasets need to be
extensive and balanced to achieve good results [Di Rocco et al., 2020]. The annotated
dataset train the solution algorithms, using features such as infrequent strings, length,
capitalization, and other. When the training is complete, the algorithms run over non-
labeled data and compare the same training features. The most common supervised

12Or using any other external knowledge source, such as ontologies or databases
13Prepositions near the toponym and spatial relationship terms
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algorithms used in geoparsing are the Support Vector Machine (SVM), the Hidden
Markov Model (HMM), and the Conditional Random Field (CRF) [Lieberman and
Samet, 2011].

SVM is a machine learning algorithm used in data mining tasks, such as classi-
fication and regression analysis. The SVM model maps points in space to represents
classified examples. In this way, a hyperplane separates instances of different categories.
Then, this same space can map new cases and predict their classes [Hearst, 1998]. SVM
can work with two (binary SVM) or more (multi-class SVM) classes. Another example
of a machine learning classifier is HMM, which is a sequence classifier. More precisely,
HMM is a ubiquitous tool for representing probability distributions over sequences of
observations [Fujiwara et al., 2009]. HMM classifies single objects considering their
characteristics in the neighborhood. The CRF approach is also a supervised learning
technique that builds a statistical model using sequence data. It uses an undirected
graphical model that defines a log-linear distribution over sequences, given a particular
one.

Chasin et al. [2013] compare an SVM approach, an HMM method (implemented
by the LingPipe library), and the Stanford NER to solve geoparsing. A Google
Geocoder14 lookup determines whether each candidate was a toponym. Habib and van
Keulen [2013] use HMM and SVM in geoparsing from a set of holiday home descrip-
tions. HMM, trained using manual annotations, is used to extract candidate toponyms
from the document. Candidates are then matched against the GeoNames, generating
two sets of features (positive and negative candidates) that train an SVM classifier.
Then, SVM is used as a reference resolution technique, reinforcing the results from the
original extraction.

Works such as Gelernter and Mushegian [2011]; Gelernter et al. [2013]; Hu et al.
[2019]; Karimzadeh et al. [2013]; Lieberman et al. [2010] use some NER tools (such
as Stanford NER, OpenCalais, or spaCy NER) as part of their workflows to solve
geoparsing. In a different approach, Nissim et al. [2004] use the Curran and Clark
maximum entropy tagger [Curran and Clark, 2003] to geoparse in historical descriptions
of Scotland. The tagger, as a supervised approach, is trained using 10-fold cross-
validation on an annotated dataset. The method shows significant improvement in
precision, recall, and f1 score over a lookup-based that used a custom-built Scottish
gazetteer.

Results from lookup-based methods are highly dependent on the external knowl-
edge sources, and each proposal potentially uses a different one, including custom-built

14https://developers.google.com/maps/documentation/geocoding/



2.3. Reference Resolution and Grounding References tasks 15

ones. Rule-based approaches use resources such as regular expressions and linguistic
heuristics, custom-built in many cases, with language variations and adaptations tuned
to a particular problem. Supervised methods require labeled training data, and no stan-
dard for comparing the performance of methods has emerged so far. Notice, however,
that rule-based and supervised approaches also use external knowledge sources. Thus,
their results are also dependent on the quality of these knowledge sources.

In summary, most geoparsing solutions fall into lookup and rule-based approaches.
And these approaches frequently are language-dependent. More recent solutions usu-
ally use training to their supervised methods. Also, these methods easily support lan-
guage independence. A detailed classification over geoparsing solutions is in [Monteiro
et al., 2016].

The thesis focus is to analyze the performance of the geoparsing using focused
gazetteers. In this way, Section 2.3 briefly explains the two other tasks involved in
GSRP solutions. And Section 2.4 details the concept of gazetteers.

2.3 Reference Resolution and Grounding

References tasks

Reference resolution is the process of mapping a toponym or a reference to unambigu-
ous identification of the place. This task is mandatory to solve the GSRP whenever
the data contain ambiguities, which is a common problem with toponyms. As with
geoparsing, other works give this task different names such as toponym resolution, to-
ponym disambiguation, or geographical entity resolution [Habib and van Keulen, 2013;
Alexopoulos and Ruiz, 2012; Li et al., 2002].

According to Habib and van Keulen [2013], around 46% of the toponyms found in
GeoNames refer to more than one place. For instance, Springfield toponym corresponds
to more than one hundred and eighty world geographic locations, including cities in
the U.S. and Jamaica, an Australian park, and a New Zealand district. The reference
resolution task usually relies on an external geographic resource, such as a gazetteer.
Toponyms and other references are used as keywords to search these resources for
candidate places. With these candidates and other evidence, the algorithms decide
which location is more likely to correspond to the reference. The quality of the results
in this step is dependent on the quality and coverage of the external knowledge source.
Reference resolution approach solutions classify as map-based, knowledge-based, and
supervised. Figure 2.3 shows the proposed classification for the reference resolution
task [Monteiro et al., 2016].
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Figure 2.3: Reference resolution approaches

Map-based methods use geometric algorithms or topological functions, such as
disjoint, union, and intersection. These solutions are very similar to each other. They
usually distinguish themselves only on the geometric algorithm or topological function
used. Shi and Barker [2011] disambiguate using resolved toponyms closest to an am-
biguous toponym. Smith and Crane [2001] use the centroid concept and distance to
this centroid in a map to disambiguate all references. Vargas et al. [2012a,b] use a
similar function based on a polygon containing the unambiguous entities, and Zong
et al. [2005] use a gazetteer supporting the reference resolution task. Leidner et al.
[2003] define a disambiguating context as a region in whose confines most unresolved
toponyms become unique.

A match against a gazetteer represents the simplest example of the knowledge-
based approach [Chen et al., 2010; Pouliquen et al., 2004; Rauch et al., 2003; Ol-
ligschlaeger and Hauptmann, 1999]. Knowledge-based rely on toponym relations ex-
tracted from gazetteers or other external knowledge sources such as Wikipedia Habib
and van Keulen [2013]. Works that entrust on heuristics and custom-built rules are also
knowledge-based approaches [DeLozier et al., 2015]. Amitay et al. [2004] use several
heuristics for each ambiguous toponym (tokens in the vicinity, largest population, and
one reference per discourse principle). Some works assign scores combined with some
heuristics to disambiguation candidates [Alexopoulos et al., 2013; Li et al., 2006; Silva
et al., 2006; Volz et al., 2007]. Other highlights solutions are the GeoRank [Zhang et al.,
2012], which uses the same PageRank voting process, the works of Clough [2005], and
Purves et al. [2007] that explore the hierarchy of the external knowledge sources to pro-
vide a default sense to an ambiguous toponym. Monteiro et al. [2016] made a detailed
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classification over reference resolution solutions.
Supervised approaches are those based on standard machine learning techniques.

They follow the usual machine learning methodology: build a training set composed by
disambiguated toponyms, and then run a machine learning algorithm, such as Naïve
Bayes classifiers [Smith and Mann, 2003], Bayesian classifiers [Adelfio and Samet, 2013],
Random Forests [Lieberman and Samet, 2012a], clustering methods [Habib and van
Keulen, 2012], co-occurrence model []ju2016, or a combination of multiple learning
features. Santos et al. [2015]. Santos et al. [2015] and Speriosu and Baldridge [2013]
use indirect supervision, while Garbin and Mani [2005] used a gazetteer-based statistical
classifier.

Buscaldi and Rosso [2008] compared map-based and knowledge-based approaches.
They conclude that the knowledge-based approach was better with a small context, such
as a sentence or a paragraph, and the map-based obtained the best results when the
context was the whole document. The number of works that deal with the reference
resolution problem is high. Most solutions require an external knowledge source. As a
result, the quality of the knowledge source is crucial to achieving better results. There
are some efforts in creating and enriching these external knowledge sources. Machado
et al. [2011] proposed an ontological gazetteer that includes geographic elements such
as spatial relationships, concepts, and terms related to places. Moura and Davis Jr.
[2014] create a gazetteer from linked data sources and found several issues with the
data quality in such reference databases.

The grounding references task is the process of mapping all location references to
a geographic scope, which may be a set of latitude and longitude coordinates or poly-
gons set representing geographic boundaries. There are granularity problems when a
document references multiple locations. For instance, if the document mentions neigh-
boring cities, the geographic scope can be a set of cities or a single region containing
these cities. It is the geographic scope form that classifies the grounding reference
solutions, not the algorithms and techniques. There is a further classification on mul-
tiple place geographic scope. This scope can be structured (using a data structure) or
non-structured.

Methods that inform the geographic scope as a single place include techniques
that consider the most representative place to be the geographic scope. It also can use
generalization, grouping the locations found in the document in a single place higher
in a geographic or administrative hierarchy [Amitay et al., 2004; Borges et al., 2011;
McCurley, 2001; Ding et al., 2000; Buyukkokten et al., 1999; Woodruff and Plaunt,
1994]. Silva et al. [2006] and Wang et al. [2005] use a data structure to calculate the
importance of the toponyms identified in the geoparsing task, considering only the
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most representative toponym found as the geographic scope. Figure 2.4 presents the
organization proposed by Monteiro et al. [2016].

Figure 2.4: Grounding references classification

Several solutions inform the geographic scope considering multiple places and
define some data structure to organize them, such as a tree [Zhang et al., 2012; Chen
et al., 2010; Campelo and Baptista, 2008] or a graph [Zubizarreta et al., 2008]. Tree
data structures represent a hierarchy of spatial subdivisions that parent nodes spatially
contain their children. In the initial tree data structure levels, it is possible to go from
individual references to a single all-encompassing one that serves as a general result.
Andogah et al. [2012] propose a particular data structure based on the assumption
that places of the same type or under the same administrative jurisdiction or adjacent
to each other are more likely to be mentioned in a given discourse unit. Another
alternative is a simple list of locations related to the text [Alexopoulos et al., 2013;
Vargas et al., 2012b; Zong et al., 2005], in no particular ordering, which corresponds
to a non-structured geographic scope.

There is a confusing nomenclature regarding the grounding references. While
some terms are very similar such as grounding and localization [Amitay et al., 2004],
others may mean different tasks in similar fields. For instance, the geotagging used by
Lieberman and Samet [2011] is the same as the grounding references mentioned. How-
ever, usually, the term geotagging means a process of creating tags that allow linking
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the document (or other types of Web objects, such as photos or videos) to a location
or set of locations [Amitay et al., 2004; Teitler et al., 2008]. Another erroneously used
term is geocoding. The most common meaning is the process of locating points on
the surface of the Earth based on alphanumeric address information [Davis Jr. and
Fonseca, 2007]. More broadly, geocoding means the location of places based on any
textual description [Goldberg et al., 2007].

According to Monteiro et al. [2016], grounding reference solutions are equally dis-
tributed on the single place, multiple places non-structured, and multiple places struc-
tured.

2.4 Gazetteers

This section describes the gazetteers, considering the relevant aspects to the develop-
ment of this thesis. A gazetteer is a repository of georeferenced toponyms. This kind
of knowledge resource usually includes more than just place names. It has further in-
formation, such as the type or class of the location, the geographic coordinates15 (pair
of latitude and longitude), and some conceptual or territorial hierarchy [Hill, 2006; Lei-
dner et al., 2003]. In other words, gazetteers are dictionaries of toponyms [Hill, 2000,
2006].

More formally, a gazetteer is a collection of entries. Each one contains, at a min-
imum, the tuple (N ; T ; G) where N is a toponym, T is a typing scheme of categories
for places, and G represents coordinates indicating a point, line, or areal extent. For
instance, a gazetteer may contain the tuple (Belo Horizonte; city administrative level ;
(-19◦ 55’, -43◦ 56’ ) to point to the city of Belo Horizonte with a -19◦55’ latitude and
-43◦56’ longitude. Applications often require relationships between these entries [Hill,
2009].

GeoNames, the Columbia Gazetteer of the World Online16, and The Getty The-
saurus of Geographic Names are three broader generalist worldwide gazetteers. Other
gazetteers are more restricted geographically than GeoNames. The Geographic Names
Information System17 (GNIS) contains information about two million physical and cul-
tural geographic features in the United States. And the National Street Gazetteer18

(NSG) has records of all England and Wales streets.

15Also called the footprint of the toponym
16http://www.columbiagazetteer.org/main/Home.html
17https://geonames.usgs.gov/index.html
18https://www.geoplace.co.uk/addresses-streets/street-data-and-services/national-street-gazetteer
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GeoNames is a partly autocratic and partly crowdsourced gazetteer with over 25
million geographic toponyms, including features such as populated places and alternate
names [Di Rocco et al., 2020]. GeoNames data are accessed by web services19 or by
database export20. Figure 2.5 shows the top 15 results for Belo Horizonte toponym
using the GeoNames website.

Figure 2.5: GeoNames result for Belo Horizonte

Figure 2.6 displays the first Belo Horizonte toponym occurrence in a map on
the GeoNames website. Besides the map, the GeoNames show features such as the
population of 2,373,224 inhabitants, the geographic coordinates (latitude -19◦55′15′′and
longitude -43◦56′16′′), and the subdivision hierarchy. This Belo Horizonte is a first-
order administrative division (city) belonging to Minas Gerais state, in Brazil country.

For comparison, Figure 2.7 shows the search for Belo Horizonte toponym, using
the Getty Thesaurus of Geographic Names website. While GeoNames find 429 records,
the Getty Thesaurus of Geographic Names finds only two.

According to Di Rocco et al. [2020], there is no worldwide optimal gazetteer,
and there is a deficiency of intra-urban toponyms in generalist gazetteers [Moura and
Davis Jr., 2014]. Because of this, some works create their gazetteer or enriching existing
ones. For instance, Moura and Davis Jr. [2014] use two linked data sources (GeoNames
and DBPedia21) to produce the Linked Ontogazetter22, an integrated and semantically-
enriched gazetteer. Gao et al. [2017] create new gazetteer entries with volunteered

19http://www.geonames.org/export/ws-overview.html
20http://download.geonames.org/export/dump/
21https://wiki.dbpedia.org
22http://aqui.io/log/
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Figure 2.6: GeoNames result for Belo Horizonte on a map

user-tagged photographs, and Amitay et al. [2004] build their gazetteer to associate a
geographic scope to web pages. Meanwhile, Amitay et al. [2004] derive a new gazetteer
using the GeoNames and the OpenStreetMap23 for geolocating microblog messages.

Gazetteers are relevant data sources not only for the geoparsing task. As seen in
previous sections, even the reference resolution [Souza et al., 2005] and the grounding
reference tasks can benefit from gazetteers. Chapter 3 presents the proposed method-
ology, which compares solutions to the geoparsing task by varying the gazetteer’s size
and scope.

23https://www.openstreetmap.org
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Figure 2.7: The Getty Thesaurus of Geographic Names result for Belo Horizonte



Chapter 3

Methodology to Evaluate Focused
Gazetteers

This chapter details the methodology approach to evaluate the use of a focused
gazetteer in the geoparsing task. This proposed methodology made it possible to as-
sess the impact of these focused gazetteers to solve the geoparsing. The main idea was
to fix the dataset and the geoparsing algorithm solution while used different focused
gazetteers over the experiments.

Three main steps constitute the methodology: (1) Preparation; (2) Use of a
Focused Gazetteer; and (3) Validation. Figure 3.1 illustrates the workflow of this
proposed methodology.

Figure 3.1: Proposed methodology workflow

23
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The leftmost vertical dotted line indicates the end of the Preparation step, i.e.,
to find or generate the news dataset to use in the process. As said in Gritta et al.
[2018], “there exists a challenge that all researchers in this field currently face, and it
is the lack of freely available geotagged datasets.”. This step includes the creation of a
raw data set consisting of a set of news texts.

The central part of Figure 3.1 shows the second step, the use of a focused gazetteer
to solve the geoparsing task. Here, the idea is to use the same dataset created in step
(1) and the same algorithm (Section 3.3), with different focused gazetteers (G1, G2,
... Gn). Each focused gazetteer is a variation of the the reference data provided by
GeoNames gazetteer. Finally, the right side shows the final step of the methodology,
Validation (3), that uses human evaluations to assess the results from (2) over a sample
of the dataset. This final step is necessary since the dataset generated in (1) is not
previously labeled.

Section 3.1 describes step (1) and introduces the news dataset generated. Sec-
tion 3.2 shows the process of using the focused gazetteer, step (2), and preliminary
results. Lastly, Section 3.3 details the process to execute the Validation step (3).

3.1 Preparation

There is a lack of freely geographic datasets in the English language, which is also true
for Portuguese. Hence, one thesis contribution is to define a news Portuguese dataset,
where each news item has a primary geographic scope.

Evaluating a focused gazetteer requires a dataset in which an approximation of
the geographic scope is known for each text a priori. Based on this, the choice was for
a news dataset, because this type of text is, in general, structured and follows gram-
matical standards and has a lower number of misspellings than social media messages.
Also, commonly, news texts are grouped into regional sections, which already provide
a preliminary geographical scope. Although there may be news datasets in other lan-
guages, such as the Signal Media Group dataset1 (English news), creating a Portuguese
news dataset is important because of the validation by humans in step (3).

The source for the collection of news was the G1 portal2. This portal organizes the
news texts into several sections, such as Economia (Economics), Educação (Education),
and Política (Politics). For this work, the section Regiões (Regions) was adequate, since
it organizes the news geographically, providing a rough geographical scope for the news
texts. This section uses a hierarchy composed, on a first level, by the Regions of Brazil

1http://research.signalmedia.co/newsir16/signal-dataset.html
2https://g1.globo.com/
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(Midwest, Northeast, North, Southeast, and South), on a second level, by the states
and the Federal District of Brazil, and finally, in some cases, a third level, corresponding
to some sub-state regions, similar to the mesoregions defined by the Instituto Brasileiro
de Geografia e Estatística, IBGE3 (Brazilian Institute of Geography and Statistics).
In most states, the G1 portal does not use sub-state regions to organize the news; for
instance, in Santa Catarina and Rio Grande do Sul states.

Figure 3.2: News example from G1 portal

This news was published in the Regiões editorial organized as Sudeste→Minas
Gerais→Belo Horizonte e Região. The first level, Sudeste, indicates the region, the

3https://www.ibge.gov.br/geociencias/cartas-e-mapas/15778-divisoes-regionais-do-brasil.html
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second level, Minas Gerais, indicates the state, and the third level Belo Horizonte e
Região indicates a sub-state. This news has some primary geographic scopes, from a
large grained one such as the Brazil itself to a more specific one, the Belo Horizonte e
Região sub-state, given by this organization.

The crawler generated a JSONL4 file for each group of news that share the same
primary geographic scope (same region, state, and sub-state in the G1 portal hierarchy).
JSONL files are convenient for situations where it is required to iterate over JSON5

(JavaScript Object Notation) objects. In a JSONL file, each line represents a JSON
object, and in this case, structured with the properties such as URL, source, date,
time, title, subtitle, and the news text itself. Figure 3.3 shows the JSON object for the
news example in Figure 3.2.

Figure 3.3: JSON news example

The news items were collected using a Python6 web crawler, using libraries such
as Beautiful Soup7, requests8, and JSON9. Also, each one of the RSS feeds10 from the
G1 portal was necessary. The creation of the dataset and the collection of news took
place throughout the year 2019, in alternating periods.

4http://jsonlines.org/
5https://www.json.org/
6https://www.python.org/
7https://www.crummy.com/software/BeautifulSoup/bs4/doc/
8https://requests.readthedocs.io/en/master/
9https://docs.python.org/3/library/json.html

10http://g1.globo.com/tecnologia/noticia/2012/11/siga-o-g1-por-rss.html
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A data cleaning process was necessary for the collected news, first to remove
duplicate news of the same JSONL file, and second because even using the specific
RSS feeds for each location, news that cited different cities or geographic regions could
be included in two different feeds. This cleaning process used the news’s URL address to
eliminate duplicate texts. For instance, for Goiás state news, texts would only remain
in the dataset if the URL contained the token /go/ ; for Caruaru and Região sub-state
news, inside Pernambuco state, the URL would have to have the token pe/caruaru-
region. This data cleaning procedure eliminated approximately 50% of the news texts
collected for the dataset.

Table 3.1 and Table 3.2 show the composition of the dataset. Table 3.1 shows
the collected news from regions Centro-Oeste, Nordeste, and Norte. Note that only
Pernambuco and Pará states have sub-state regions defined within the G1 portal.

Table 3.1: News’ total from Centro-Oeste, Nordeste, and Norte

Region State Sub-state News

Centro-Oeste

Distrito Federal 8,977
Goiás 9,637
Mato Grosso 14,199
Mato Grosso do Sul 9,759

Nordeste

Alagoas 14,512
Bahia 16,482
Ceará 10,952
Maranhão 5,798
Paraíba 3,281

Pernambuco
Caruaru e Região 10,870
Petrolina e Região 5,842
Recife e Região 11,688

Piauí 8,267
Rio Grande do Norte 9,590
Sergipe 10,819

Norte

Acre 12,650
Amapá 12,154
Amazonas 7,373

Pará Belém e Região 17,554
Santarém e Região 10,385

Rondônia 7,669
Roraima 9,070
Tocantins 16,495

244,023

Meanwhile, Table 3.2 shows the news collected from Sudeste and Sul regions.
The dataset contains 529,585 news texts, organized in 55 JSONL files, occupying a



28 Chapter 3. Methodology to Evaluate Focused Gazetteers

total of 1.13 GB.

Table 3.2: News’ total from Sudeste and Sul regions

Region State Sub-state News

Sudeste

Espírito Santo 8,409

Minas Gerais

Belo Horizonte e Região 9,177
Centro-Oeste 7,779
Grande Minas 6,272
Sul de Minas 7,443
Triângulo Mineiro 10,259
Vales de Minas Gerais 4,540
Zona da Mata 10,385

Rio de Janeiro

Norte Fluminense 6,041
Região dos Lagos 6,779
Região Serrana 5,723
Rio de Janeiro e Região 16,614
Sul e Costa Verde 10,328

São Paulo

Bauru e Marília 6,083
Campinas e Região 10,595
Itapetininga e Região 3,972
Mogi das Cruzes e Suzano 12,590
Piracicaba e Região 8,339
Presidente Prudente e Região 3,972
Ribeirão Preto e Franca 8,535
Santos e Região 13,236
São Carlos e Araraquara 10,611
São José do Rio Preto e Araçatuba 4,648
São Paulo e Região 12,475
Sorocaba e Jundíai 8,511
Vale do Paraíba e Região 10,587

Sul
Paraná

Campos Gerais e Sul 4,108
Curitiba e Região 11,716
Norte e Noroeste 6,303
Oeste e Sudoeste 4,394

Rio Grande do Sul 16,779
Santa Catarina 14,668

285,375
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3.2 Use of a Focused Gazetteer

With the news dataset created, the next step is defining focused gazetteers to be
used in geoparsing. As mentioned in Chapter 1, a focused gazetteer means a gazetteer
covering a previously defined region. For this work, the hierarchy of the section Regiões
(Regions), provided by the G1 portal, was used to generate the focused gazetteers
needed.

The gazetteer chosen to be evaluated was GeoNames, a partially authoritative
and partially crowdsourced gazetteer [Di Rocco et al., 2020]. The reasons for this choice
were that it supports queries in Portuguese (as GeoNames records many places outside
Brazil and Portuguese-speaking countries that have alternative names in Portuguese;
e.g., “Londres”, for London) and it is a well-known resource used in several researches,
directly or indirectly [Amitay et al., 2004; Martins et al., 2006; Popescu et al., 2008;
Teitler et al., 2008; Serdyukov et al., 2009; Luo et al., 2011; Andogah et al., 2012; Brun
et al., 2015; Rafiei and Rafiei, 2016; Inkpen et al., 2017; Santos et al., 2018]. In short,
each GeoNames entry has a toponym, a coordinate pair (latitude and longitude), and
a corresponding place category.

Instead of physically creating the focused gazetteer, this work chose to simulate
the focused gazetteers with the use of geographic filters during the execution of the
geoparsing method. Thus, each filter is a polygon that represents the expected geo-
graphic boundaries of the G1 portal’s sections. All entries whose footprint falls within
the region boundaries are then considered as being part of the focused gazetteer.

The process of creating these filters used the QGIS tool11 and geographic data
used also by Freitas et al. [2012]. This was a manual process, since G1 sub-state
divisions are not the same as the IBGE’s mesoregions. By sampling and using IBGE’s
micro-regions12, it was verified which region each news section contents supposedly
covers. For instance, news about Unaí, a city that is the most important in the micro-
region belonging to the Noroeste de Minas macro-region are included in the Grande
Minas section, but news about Salinas and Montes Claros, micro-regions of Norte de
Minas macro-region, are also in Grande Minas section. This situation caused many
overlaps between IBGE’s mesoregions and G1 sections. Table 3.3 shows the equivalence
between such state subdivisions for Minas Gerais state.

11https://qgis.org/
12https://www.ibge.gov.br/geociencias/cartas-e-mapas/15778-divisoes-regionais-do-brasil.html
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Table 3.3: Equivalence between G1 editorial and IBGE’s mesoregions

Minas Gerais State
G1 Editorial IBGE’s Mesoregions

Belo Horizonte e Região
Jequitinhonha
Metropolitana de Belo Horizonte
Zona da Mata

Centro-Oeste

Central Mineira
Metropolitana de Belo Horizonte
Oeste de Minas
Triângulo Mineiro e Alto Paranaíba

Grande Minas

Central Mineira
Jequitinhonha
Noroeste de Minas
Norte de Minas

Sul de Minas
Campos das Vertentes
Oeste de Minas
Sul e Sudoeste de Minas

Triângulo Mineiro Noroeste de Minas
Triângulo Mineiro e Alto Paraíba

Vales de Minas Gerais
Jequitinhonha
Vale do Mucuri
Vale do Rio Doce

Zona da Mata
Campos das Vertentes
Sul e Sudoeste de Minas
Zona da Mata

In total, 67 geographic filters were created: one filter for Brazil; 5 for the major
Brazilian regions; 27 for the Brazilian states and the federal district; and 34 for the
sub-state regions, considering the G1 portal’s spatial hierarchy. All generated filters
are defined in WKT13 (Well-Known Text) format. The WKT format represents the ge-
ographic limits in a string that “provides a means for humans and machines to correctly
and unambiguously interpret and utilise a coordinate reference system definition with
look-ups or cross references only to define coordinate operation mathematics” [Lott,
2019].

Completing step (2), requires to choose and implement a method to solve the
geoparsing task, using the focused gazetteers. A lookup-based method was then built
and used, with the help of the freely available GeoNames dump14 to find the toponym
candidates in the dataset created in the previous step (Section 3.1). The method reads

13https://www.ogc.org/standards/wkt-crs
14http://download.geonames.org/export/dump/
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the news text, with the title and the subtitle, and generates all n-grams. Then, these
n-grams are matched against the gazetteer to find a corresponding GeoNames entry.

Algorithm 1 shows the lookup-based method’s pseudocode. The method was
coded in Python and used libraries such as Shapely15, to manipulate the geometries
and simulate the focused gazetteers; Pandas16 to format the results in spreadsheets;
and NLTK17 to generate news n-grams. The option to use a lookup-based method
to solve geoparsing was motivated by its simplicity and by having its results directly
impacted by the quality of the gazetteers.

Algorithm 1 Lookup-Based Geoparsing
1: Input: A jsonl file with news JSON objects of the same location
2: Output: A table, with one line for each news, with the toponyms candidates in

columns

3: for each news do
4: Generate all capitalized news n-grams of size 1 to 5
5: Query each n-gram against the GeoNames data
6: Filter the matched n-gram using the country, region, state, and, if it exists, the

sub-state polygons
7: end for
8: Save a table with all matched toponym candidates. Each column represents the

results using a specific geographic filter, and each line corresponds to a news text

This method generates all capitalized n-grams (size one to five), considering the
title, subtitle and news text, which are matched against GeoNames entries. Geographic
filters are then used to simulate a focused gazetteer. In summary, each n-gram that
has a correspondent in GeoNames, has its coordinates checked in each of the filters
(country, region, state, and, if it exists, the sub-state polygon). The output of this
method creates a spreadsheet for each news geoparsed. Each spreadsheet contains
toponyms found, considering each filter, with its respective candidates.

The maximum n-gram size, five, was determined using a frequency distribution
analysis. Figure 3.4 shows the frequency distribution of GeoNames toponyms, based
on the number of words that compose them (n-grams). Since toponyms with five words
or less correspond to 98.29% of the total GeoNames entries, the method limited the
n-grams generated to five tokens (Algorithm 1, line 4). Also, as news are structured
texts which follow grammatical standards, a heuristic that considers only capitalized
n-grams to be potential toponym candidates was used.

15https://pypi.org/project/Shapely/
16https://pandas.pydata.org/
17https://www.nltk.org/
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Figure 3.4: N-gram frequency over toponyms in GeoNames

Geographic filtering verifies whether the geographic coordinates of a matched n-
gram, obtained from the gazetteer, are within the region’s limits, as defined by a WKT
polygon (Algorithm 1, line 6). The method’s output organizes the toponym candidates
of a single news text in a table (Algorithm 1, line 8).

Table 3.4 shows the Algorithm 1 table result to the news item illustrated in
Figure 3.2.

Table 3.4: Geoparsing result for a single news text

Toponym Candidates Global Country Region State Sub-state
Caeté 9 9 4 3 2
Grande 50 4 4 - -
Vitória 30 27 6 - -

Belo Horizonte 38 32 6 3 3
Polícia Rodoviária Federal 1 1 - - -

Parte 2 - - - -

The results contain six toponym candidates. The columns Global, Country,
Region, State, and Sub-State respectively indicate the geographic filters or focused
gazetteers GeoNames, Brazil, Sudeste, Minas Gerais, and Belo Horizonte e Região.
The numbers mean the ambiguous candidates to each toponym candidate. For in-
stance, Belo Horizonte matches 38 GeoNames entries and only three candidates with
the sub-state filter (Belo Horizonte e Região focused gazetteer). The - character indi-
cates no toponym candidates found to that specif focused gazetteer. As a curiosity, the
candidate toponym Parte has two matches in GeoNames, one being a populated place
in the Italian commune of Belmonte Calabro and the other one a populated place in
the Spain municipality of Monforte de Lemos. Clearly, this is a false toponym candi-
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date to Belo Horizonte news. The table result also contains the coordinates (longitude
and latitude) of each ambiguous toponym candidate. This information is not shown in
Figure 3.2, for visualization reasons.

Algorithm 1 was executed on the entire dataset generated in step (1), resulting
in a table for each news, and with each table containing the toponym candidates,
considering each focused gazetteer. Chapter 4 details and discusses the results.

3.3 Validation

The last step of the methodology, Validation (3), consists of using humans to verify the
use of the focused gazetteer. In other words, a poll with humans serves as a Geo/Non-
Geo solver, since people are asked to confirm whether the results obtained in step 2
(Section 3.2) are valid toponyms or not. As mentioned earlier, this step is necessary
because the database built in (1) was not previously labeled.

The main idea was to build a Web application to collect contributions from vol-
unteers. Then, submit to them a small part of the dataset (Section 3.1), with the
results obtained in step (2) indicated. This Web application allows people to evaluate
as many news as they want, indicating which of the toponym candidates found in step
(2) they recognize as actual toponyms. The application uses a voting scheme, over
evaluations of the same news text, to compute the final result.

For each news item in this validation dataset, people declare whether candidates
are actual toponyms or not. People can also declare that they are unsure about a
certain candidate, or report a toponym that has not been identified by the geoparsing
method (Algorithm 1) in Section 3.2.

This website used the Flask18 framework, a micro-framework that provides a
model for web development. Also, it used PostgreSQL19 to store the contributions.
The website is hosted in https://pesquisaacademica.herokuapp.com/.

The initial page contains information about the research project, and a brief
explanation on how to participate. Figure 3.5 shows the contribution page. Left side
shows the news with toponyms candidates highlighted (in grey), the right side box
allows people vote for each candidate. Finally, in the lower section it is possible to
type in any toponym that was not highlighted.

There was no limitation on the number of contributions that the same person
could make. To select the news to be evaluated, the application chose one text randomly
from among those that received three contributions or less. This was devised to achieve

18https://flask.palletsprojects.com/en/1.1.x/
19https://www.postgresql.org/
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Figure 3.5: Website application

a minimum of three contributions for each news item, and to avoid that some person,
in the same participation session, could evaluate the same text more than once.

With this proposed methodology, it was possible to fix Algorithm 1 and the
dataset created on step (1) while varying the focused gazetteers. The Validation step
(3) allowed to quantify the correctness of Algorithm 1 with each focused gazetteer.
Chapter 4 presents the validation dataset, and discusses the results obtained.



Chapter 4

Analysis and Discussion

This chapter details and discusses the results of the Validation step (Chapter 3, Sec-
tion 3.3). First, Section 4.1 details the data used to validate and verify the use of
the focused gazetteers. Section 4.2 explains the process of collecting contributions of
people on the voting process. Last, Section 4.3 presents the final analysis and discusses
the results obtained.

4.1 Validation Dataset

The validation by humans used a small part of the dataset generated (Chapter 3, Sec-
tion 3.1), with its respective Algorithm 1 results obtained in step 2. Initially, 560 news
items were randomly selected, 80 news for each section, contemplating all sub-sections
inside the Sudeste→Minas Gerais State editorial. Minas Gerais State comprises 853
municipalities and has rich toponymy set on other geographic elements, such as rivers,
mountains, lakes, and other features. Thereby, Minas Gerais and its subdivisions were
selected for validation since many volunteers live in the state’s capital, Belo Horizonte,
and in nearby cities. The idea was to avoid losses in toponym identification by vol-
unteers due to a lack of knowledge. This situation can occur if the volunteers are not
familiar with the region mentioned in the news.

The selection of the news items occurred randomly since the content itself was not
relevant to the research. At the end of the Validation step, 56 news items were excluded
for not reaching the minimum of three evaluations. Table 4.1 shows the remaining 504
news selected and evaluated, indicating each sub-section.

35
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Table 4.1: Validation dataset

G1 Editorials News
Belo Horizonte 50
Centro-Oeste 80
Grande Minas 77
Sul de Minas 70
Triângulo Mineiro 79
Vales de Minas 78
Zona da Mata 70

Considering only results given by Algorithm 1, described in Chapter 3, these 504
news items had a total of 6126 toponyms candidates and an average of 12.18 toponyms
candidates per news item when considering the gazetteer GeoNames. Beyond that,
each one of the candidates has on average 25.43 possibles places for disambiguation.

With focused gazetteers, the average number of candidates for toponym per news
decreased, as well as the number of ambiguous candidates for the same toponym.
Table 4.2 shows the total of toponyms candidates (TpC), the average of toponym can-
didates per news (TpC/News), and the average of ambiguous candidates per toponym
candidate (AmbC/TpC) for each sub-state editorial. Each of the Red(i) columns show
the percentage reduction of the previous metric considering the immediately preceding
gazetteer.

Table 4.2: Stats of the validation dataset

Gazetteer TpC Red1 TpC/News Red2 AmbC/TpC Red3

GeoNames 6,126 - 12.18 - 25.43 -
Country-focused 3,348 45.35% 6.66 45.32% 7.89 68.97%
Region-focused 2,059 38.50% 4.09 38.59% 3.83 51.46%
State-focused 1,578 23.36% 3.14 23.23% 2.41 37.08%
Sub-state focused 1,014 35.74% 2.02 35.67% 2.00 17.01%

In Table 4.2, the Country-focused line indicates the GeoNames gazetteer, limited
by Brazil boundaries. Likewise, region and state-focused gazetteers are limited, respec-
tively, by Sudeste and Minas Gerais boundaries. The last line of Table 4.2 indicates
a sum of all values for each of the seven sub-state regions and corresponding focused
gazetteers. The toponyms total is reduced by 45.35% with a country-focused gazetteer
(6126 to 3348 toponyms) and reaches a 74.24% reduction with state-focused gazetteers
compared to GeoNames (6126 to 1578 toponyms).



4.1. Validation Dataset 37

Moreover, there have been significant reductions in the average number of to-
ponyms candidates per news item, 45.32% (with country-focused gazetteer) up to
74.22% when using the state-focused gazetteer. The average reduction in TpC/News
values when using each of the focused gazetteers, when compared to its predecessor,
is 35.70%. The average of ambiguous per toponym also reduced. The reduction was
68.97% with the country-focused gazetteer, and it reaches 90.52% when using the
state-focused gazetteer. This decrease in AmbC/TpC average means less ambiguity for
the toponyms present in the news. Each toponym stops having 25.43 candidates on
average, to 2.41 with the state-gazetteer.

Table 4.3 exhibits the same results as Table 4.2, however considering each sub-
state focused gazetteers. The TpC values are lower due to the number of news items
in each G1 sub-section and the corresponding focused gazetteer. For example, the
Grande Minas sub-section has 77 news items, and these news items, using the Grande
Minas sub-state gazetteer, accounted for 92 toponyms (a 1.19 TpC/News and 2.37
AmbC/TpC). For comparison purposes, the same news from the Grande Minas sub-
section, with GeoNames, accounted for 981 place names, 12.77 TpC/News, and 18.33
AmbC/TpC. The total number of toponyms decreases 90.62%, the average of toponym
candidates per news shrinks 90.66%, and the AmbC/TpC reduced 87.07%.

Table 4.3: Stats considering sub state focused gazetteers

Focused Gazetteer TpC TpC/News AmbC/TpC
Belo Horizonte 126 2.57 2.07
Centro-Oeste 171 2.14 1.94
Grande Minas 92 1.19 2.37
Sul de Minas 236 3.37 1.94
Triângulo Mineiro 145 1.84 2.02
Vales de Minas 83 1.06 1.87
Zona da Mata 161 2.30 1.91

For comparison purposes, Table 4.4 shows the size of each gazetteer consider-
ing the number of toponyms present. The Reduction column shows the percentage
reduction in the number of toponyms considering the focused gazetteer immediately
before. In the case of the sub-state-focused gazetteers, the percentage is concerning
the state-focused one. It is possible to observe a high reduction in toponyms number
when using the focused gazetteer compared to GeoNames. With the country-focused
gazetteer alone, the number of toponyms decreased 99.00%.
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These reductions are an expected result. Focused gazetteers obviously contain
less data than a geographically broader gazetteer, such as GeoNames. In this way,
both the number of toponym candidates and the average of ambiguous candidates per
toponym tend to be smaller. The reduction in the size of gazetteers is greater than
the reduction in the number of candidates per toponym, considering the country and
region-focused gazetteers. For instance, the Brazil-focused gazetteer is approximately
1% the size of GeoNames (99.00% reduction), while AmbC/TpC reduced by 68.97%
(Table 4.2). However, the AmbC/TpC reduction can reach 90.52% with the state-
focused gazetteer and 92.65% with the sub-state-focused one (Vales de Minas-focused)
when compared to GeoNames. These values are relevant because they indicate that
for more geographically restrict gazetteers (sub-state-focused ones), the decrease in the
size and number of candidates by toponyms are proportional.

Table 4.4: Number of Toponyms to each Focused Gazetteers

Gazetteer Toponyms(total) Reduction

GeoNames 12,023,361 -

Country-focused 119,711 99.00%

Region-focused 31,421 73.75%

State-focused 11,298 64.04%

Sub-state-focused

Belo Horizonte 4,361 59.53%

Centro-Oeste 2,006 81.38%

Grande Minas 3,022 71.95%

Sul de Minas 2,099 80.52%

Triângulo Mineiro 1,471 86.35%

Vales de Minas 2,303 78.63%

Zona da Mata 3,015 72.02%

Next section describes the counting and verification of volunteered contributions.
Human assessments were necessary to confirm the successes and errors of Algorithm 1
under the effect of various focused gazetteers.
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4.2 Human Contributions

The Validation step occurred between August 14, 2020, and October 14, 2020, using
a Web application1, and obtained almost 1800 evaluations. Table 4.5 shows that most
news texts received a minimum of three assessments. Only 12% of the news items had
five evaluations or more.

The decision on the minimum number of three evaluations for each news item was
intentional. With three evaluations per news item, it is possible to untie contributions
with different opinions about a toponym candidate, considering volunteered responses
as votes. Besides, requesting a small minimum number of evaluations for each news
item made it possible to include more news texts in the validation process.

Table 4.5: Volunteered contributions

Evaluations Quantity
3 268
4 169
5 48
6 10
7 2

Of the 1794 evaluations made by people, 539 had indicated one or more toponyms
that were not found by Algorithm 1. These 539 evaluations correspond to 281 distinct
news texts. Only reported toponyms with a direct match in the text, with the exact
spelling, were considered. The low percentage of distinct news items with additional
toponyms supplied by volunteers (15.6%) implies that either people did not want to
inform these toponyms, or that the geoparsing method recognized most toponyms.
People were not required to report any missing toponym in the news, but they could
do so if they wanted to. Therefore, it was difficult to determine why there was a low rate
of news items with additional toponyms provided by people, therefore we considered
that Algorithm 1 recognized most toponyms.

A manual investigation of these 539 evaluations with toponyms indicated by peo-
ple found that more than 90% of the toponyms informed represent intracity localities
such as street names, parks, and neighborhoods. Other commonly supplied toponyms
were fuzzy regions, such as região sul de Belo Horizonte (south region of Belo Horizonte)
or leste de Minas Gerais (Minas Gerais east). The indication of intracity toponyms

1https://pesquisaacademica.herokuapp.com/
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was not surprising, as there is a lack of these types of toponyms in the Brazilian part
of GeoNames [Borges et al., 2007].

This manual investigation also noted the lack of standardization on how people
recognize and inform place names. Different evaluations indicated the equivalent loca-
tion in different ways. For instance, both Avenida Juscelino Kubitschek and Juscelino
Kubitschek were used to mention the same avenue for a news text. This problem is
outside the scope of this work, and it is covered in recent research [Gritta et al., 2019].
Each evaluation includes an unique code, the news id, the evaluation date, a tuple
indicating whether, for each toponym candidate, if the user agrees that the candidate
is a real toponym. Also, the evaluation contains a list of volunteer indicated toponyms
but not identified by Algorithm 1.

To decide whether a toponym candidate from a news item is an actual toponym,
an account of votes was made over the evaluations. This counting considered the num-
ber of ’Yes ’, ’No’, and ’I don’t know ’ votes that a candidate received. Only toponym
candidates with more than 50% ’Yes ’ votes, with at least three evaluations, were con-
sidered to be correct. The toponyms reported by the volunteers were not submitted to
any verification. Toponyms indicated in a single volunteer response were assumed to
be correct. Once again, notice that reporting unidentified toponyms was not manda-
tory. So, evaluations with toponyms supplied by volunteers were considered to be more
valuable than evaluations that did not indicate the same toponyms for the same news.

In this step, volunteers evaluations served as a Geo/Non-Geo classification of the
results. Next section shows and details the analysis of results of this classification.

4.3 Analysis of the Results

The analysis used a confusion table and computed precision, recall, and F1 score metrics
over the results of step 3 (Chapter 3). The main objective was to verify if a focused
gazetteer can increase precision in the geoparsing task while generating less ambiguity.
Figure 4.1 show the confusion table.

The horizontal axis expresses the evaluations made by humans, and the vertical
axis represents the results given by the geoparsing method. All toponym candidates
found by Algorithm 1 and evaluated as real by people are True-Positives (TP), and
False-Positives (FP) are all toponym candidates declared as false by people. False-
Negatives (FN) are real toponyms not detected by the geoparsing method and indicated
by people. True-Negatives (TN) would correspond to non-toponyms not detected by
Algorithm 1 and not reported by people.
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Figure 4.1: Confusion Table

Precision ( TP
TP+FP

) aims to indicate the proportion of correct answers among the
results of Algorithm 1. Recall ( TP

TP+FN
) shows the ratio of correct answers over the real

positives. Meanwhile, the F1 score (2∗ precision∗recall
precision+recall

) gives a value correlating precision
and recall.

Each news had its TP, FP, FN, precision, recall, and F1 score values calculated
considering all gazetteers (country, region, state, and sub-state). This work did not
need TN values since they are not necessary to calculate precision, recall and F1 score.

To exemplify this process, see Figure 4.2 that shows a news item2 from sub-section
Centro-Oeste.

From the complete GeoNames contents, the geoparsing method identified the
following candidates for toponyms, with their respective ambiguous places: Empresa
(4 candidates), Itaúna (11 candidates), Usiminas (1 candidate), Bolsa (7 candidates),
Senai (4 candidates), Rua (26 candidates), Antunes (7 candidates), Bairro (8 can-
didates), Nogueira (45 candidates) and, Machado (32 candidates). For comparison,
using the sub-state focused gazetteer, the method identified only the toponyms Itaúna
(2 candidates), Antunes (1 candidate), and Machado (1 candidate).

Looking now at the assessment by volunteers, this news item received four evalua-
tions. They were unanimous in deciding that each of the toponym candidates was real.
The only candidate identified as toponym was Itaúna, in all three times that this name
appears in the news. Additional toponyms reported by the volunteers were Rua Lília
Antunes (or Lília Antunes) and Bairro Nogueira Machado (or Nogueira Machado).
Corroborating the human evaluation, in a closer inspection of the news, it is possible
to observe that only Itaúna, Rua Lília Antunes, and Bairro Nogueira Machado are
actual toponyms.

Considering the GeoNames, this news had 3 True-Positives, 10 False-Positives,
2https://g1.globo.com/mg/centro-oeste/concursos-e-emprego/noticia/2018/09/12/empresa-de-

siderurgia-abre-inscricoes-para-cursos-de-capacitacao-para-itauna-e-regiao.ghtml
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Figure 4.2: News item from G1 Centro-Oeste sub-section

and 3 False-Negatives. Also, it had a 23% precision, 50% recall, and 32% F1 Score.
The focus of this work is not on the quality of the geoparsing method on its own.
Instead, the focus is on the gain in precision that focused gazetteers can bring to the
geoparsing task. Although Algorithm 1 has a low precision value (23%), there is an
increase with focused gazetteers.

With the country-focused gazetteer, TP and FN remain the same, three. Just the
FP reduced to five. The values of precision, recall, and F1 score were, respectively, 38%,
50%, and 43%. Here, the precision value already had a gain of more than 65%. These
values were identical when using region- and state-focused gazetteers. As there were no
False-Positives eliminated, precision has not increased using these two more restricted
focused gazetteers. However, using the sub-state focused gazetteer (for Centro-Oeste),
FP dropped to two, and precision reached 60%, and F1 score 55%, while recall keeps
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the 50%. For this news, precision almost doubled, from 32% to 60%.
As expected, when a focused gazetteer eliminates False-Positive candidates for

not having it, the precision will rise. However, the same does not occur with recall.
Recall values for a single news item, considering every focused gazetteer, are constant
(50% in the previous example) because the number of toponyms actually mentioned
in each news item does not change. The evaluation step processes the use of focused
gazetteers after people’s participation. However, recall gains relevance considering the
set of news. Thus, all news items evaluated with no missing toponym reported by
people (FN = 0) have a 100% recall.

Table 4.6 shows precision and F1 score metrics for each news belonging to the Belo
Horizonte e Região sub-section. Abbreviations PR, RC, and F1 mean, respectively,
Precision, Recall, and F1 Score. The N column shows the news id, and the next five
columns show the values of precision and F1 score using the gazetteers GeoNames,
country-focused (Brazil), region-focused (Sudeste), state-focused (Minas Gerais), and
sub-state-focused (Belo Horizonte e Região). As recall values are constant, only the
column Geonames presents these values. Appendix A contains raw tables with results
for the other Minas Gerais news sub-sections.

Table 4.6: Belo Horizonte sub state news evaluation

Geonames Brazil Southeast MG BH

N PR RC F1 PR F1 PR F1 PR F1 PR F1

50 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

52 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

72 10% 100% 18% 17% 29% 25% 40% 33% 50% 100% 100%

53 11% 50% 18% 100% 67% 100% 67% 100% 67% 100% 67%

23 8% 67% 14% 11% 19% 22% 33% 25% 36% 67% 67%

24 12% 56% 20% 38% 45% 50% 53% 71% 63% 100% 72%

75 4% 100% 8% 6% 11% 8% 15% 14% 25% 33% 50%

30 10% 80% 18% 40% 53% 50% 62% 80% 80% 80% 80%

67 14% 44% 21% 29% 35% 44% 44% 50% 47% 100% 61%

49 13% 83% 22% 19% 31% 33% 47% 38% 52% 80% 80%

2 17% 50% 25% 50% 50% 100% 67% 100% 67% 100% 67%

65 9% 21% 13% 15% 18% 43% 28% 50% 30% 50% 23%
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Table 4.6 continued from the previous page

Geonames Brazil Southeast MG BH

N PR RC F1 PR F1 PR F1 PR F1 PR F1

7 14% 71% 23% 29% 41% 57% 62% 67% 67% 75% 67%

15 19% 67% 30% 38% 48% 67% 67% 83% 71% 100% 77%

18 13% 100% 23% 40% 57% 67% 80% 67% 80% 67% 80%

36 12% 50% 19% 22% 31% 27% 33% 43% 43% 60% 50%

51 20% 50% 29% 50% 50% 50% 50% 50% 50% 100% 67%

73 20% 60% 30% 60% 60% 100% 67% 100% 67% 100% 67%

14 22% 82% 35% 64% 72% 82% 82% 78% 78% 100% 86%

10 18% 60% 28% 60% 60% 75% 67% 75% 67% 75% 67%

26 6% 100% 11% 10% 18% 18% 31% 20% 33% 25% 40%

11 25% 60% 35% 38% 47% 75% 67% 75% 67% 100% 67%

44 25% 86% 39% 50% 63% 86% 86% 100% 92% 100% 89%

76 27% 60% 37% 50% 50% 100% 67% 100% 67% 100% 67%

77 31% 80% 45% 100% 89% 100% 89% 100% 86% 100% 86%

35 33% 80% 47% 40% 53% 67% 73% 67% 73% 100% 89%

37 20% 100% 33% 30% 46% 43% 60% 50% 67% 60% 75%

13 15% 100% 26% 23% 37% 30% 46% 30% 46% 43% 60%

45 20% 100% 33% 33% 50% 33% 50% 33% 50% 50% 67%

5 42% 100% 59% 80% 89% 100% 100% 100% 100% 100% 100%

12 42% 83% 56% 56% 67% 67% 73% 67% 73% 100% 80%

9 43% 98% 60% 53% 69% 100% 97% 100% 97% 100% 96%

33 43% 86% 57% 60% 71% 71% 77% 100% 91% 100% 86%

74 44% 67% 53% 100% 80% 100% 80% 100% 80% 100% 75%

31 40% 67% 50% 53% 57% 67% 64% 67% 60% 86% 67%

16 41% 100% 58% 58% 73% 72% 84% 72% 84% 77% 87%

32 58% 100% 73% 81% 90% 81% 90% 86% 92% 100% 100%

3 40% 67% 50% 50% 57% 50% 57% 50% 57% 67% 67%

46 60% 100% 75% 100% 100% 100% 100% 100% 100% 100% 100%
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Table 4.6 continued from the previous page

Geonames Brazil Southeast MG BH

N PR RC F1 PR F1 PR F1 PR F1 PR F1

1 38% 50% 43% 50% 50% 75% 60% 75% 60% 67% 50%

28 12% 46% 19% 19% 27% 28% 34% 27% 31% 22% 22%

40 21% 90% 34% 30% 45% 60% 72% 50% 63% 45% 58%

42 42% 100% 59% 93% 96% 92% 96% 90% 95% 83% 91%

43 22% 89% 35% 42% 57% 50% 62% 71% 77% 50% 57%

48 40% 80% 53% 50% 62% 67% 73% 80% 80% 75% 75%

38 44% 88% 59% 67% 73% 60% 67% 60% 67% 100% 80%

29 7% 67% 13% 14% 23% 25% 36% 14% 22% 25% 33%

78 17% 56% 26% 34% 42% 67% 56% 54% 39% 53% 30%

80 27% 75% 40% 38% 50% 75% 75% 67% 67% 100% 80%

25 48% 100% 65% 65% 79% 80% 89% 67% 80% 100% 100%

In total 30 news items (news 4, 6, 8, 17, 19-22, 27, 34, 39, 41, 47, 54-64, 66, 68-71
and 79) left the analysis because they did not reach the minimum of three evaluations.

The first two news texts (news 50 and 52), in Table 4.6, had 0% in all metrics:
precision, recall, and F1 score. A manual verification found that these news items
did not contain text, only a set of photos under a title. Also, none of them had
toponym candidates in their titles founded by Algorithm 1. Gray lines present news
that increase the precision constantly consider each focused gazetteer. Many news
items achieve 100% precision, and other news items reached their higher precision rate
without the need for a more specific focused gazetteer, for instance, the news 53 (line
6). The lowest precision gain was 67% (news 46, last gray line). The precision gain of
news items in the first 20 gray lines is above 300%.

On average, the precision gain was 52%. Likewise, the F1 score also increases,
from 19% to 22% in the worst case and from 18% to 100% in the best one. On average,
the F1 score increases by 17%.

The yellow lines represent news that had a drop in precision with some more
restricted-focused gazetteer. The explanation for these cases is that the most restrictive
focused gazetteer excludes some True-Positive toponyms (already confirmed by people),
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reducing the precision. For instance, if a Belo Horizonte news mentions a country or a
city that does not belong to these limits, this candidate is no longer recognized by the
geoparsing method. Future researches can deal with situations like this.

Focused gazetteers could include some predetermined list of universally well-
known toponyms to minimize this problem. Such a list could contain continents and
country names or follow the approach used by [Teitler et al., 2008; Lieberman and
Samet, 2012b]. They compile a list of city names (all unambiguous), considering a
measure of importance to select the homonymous places. A country-focused gazetteer
will, of course, contain toponyms of its regions and states. As stated before, the recall
value, when looking at the news individually, does not change.

The news items in red lines present a variable precision. For instance, the last
one (news 25) rises precision until 80% with the region-focused gazetteer, then the
precision value drops to 67% and rises again to 100%. The explanation for these cases
is quite direct. While the other news (outside the red area) tends to drop only the False-
Positives, keeping True-Positives constant, these news items, considering each focused-
gazetteer, decrease both the True-Positives and False-Positives at different rates. Again
with news 25, using Geonames, there are TP = 11 and FP = 12. Using the region-
focused gazetteer, TP = 8 and FP = 2 (a drop in both values). With the state-focused
one, TP = 4, and FP remains two. Finally, with Belo Horizonte-focused gazetteer, TP
= 3 and FP = 0, reaching a 100% precision. All of this explanation is valid for news
from the other editorials in Appendix A.

Also, it is possible to analyze these metrics regarding all news from the same G1
sub-section. Figure 4.3 displays a line graph with Precision, Recall, and F1 Score to
Belo Horizonte e Região G1 sub-section editorial news.

Figure 4.3: Belo Horizonte news evaluation
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The blue line represents the precision, increasing from 23% to 74%. The F1 Score,
the grey line, goes from 35% to 67%. The recall, represented by the orange line, drops
from 75% to 61%. Although there is a slight drop in the recall rate, precision increases
significantly with the Belo Horizonte e Região focused gazetteer, causing the F1 score
to increase. Again, new approaches using lists of well-known toponyms can prevent
the decrease in recall values.

Table 4.7 presents precision, recall, and F1 score values to all sub-state focused
gazetteers. Each line corresponds to one of theMinas Gerais G1 sub-sections: BH (Belo
Horizonte e Região), CO (Centro-Oeste), GM (Grande Minas), SM (Sul de Minas),
TM (Triângulo Mineiro), and ZM (Zona da Mata). All focused gazetteers improve
precision when compared to broader gazetteers. F1 Score values also improve, mainly
when the full Geonames results are compared with sub-state focused gazetteers. There
is a small drop in recall values but, in the face of the greater improvements in precision,
the F1 increases.

Table 4.7: Sub-state gazetteers evaluations

Geonames Brasil Sudeste Minas Gerais Sub-state
PR RC F1 PR RC F1 PR RC F1 PR RC F1 PR RC F1

BH 23% 75% 35% 40% 73% 52% 59% 70% 64% 62% 66% 64% 74% 61% 67%
CO 28% 75% 40% 50% 74% 60% 69% 74% 72% 78% 74% 76% 81% 73% 77%
GM 11% 82% 20% 22% 82% 35% 36% 81% 50% 43% 79% 55% 82% 77% 79%
SM 35% 85% 49% 54% 84% 66% 65% 83% 73% 71% 81% 76% 77% 79% 78%
TM 27% 78% 40% 46% 77% 57% 61% 76% 68% 69% 75% 72% 86% 75% 80%
VM 14% 82% 23% 26% 81% 39% 41% 79% 54% 46% 78% 58% 78% 74% 76%
ZM 22% 82% 35% 34% 81% 48% 47% 79% 59% 59% 78% 67% 70% 76% 73%

For instance, news from Grande Minas G1 sub-section editorial has a precision
reaching 82% with a proper sub-state focused gazetteer. An improvement of more
than 600% in precision while recall drops only 6%. The smaller precision gain was
120%, with the Sul de Minas G1 sub-section news, and with only a 7.06% drop in
the recall. On the other hand, the highest fall in the recall values was 18.68%, with
the Belo Horizonte e Região sub-section news, but with a precision gain of 221.73%.
This increase in precision corroborates the hypothesis raised in this thesis that focused
gazetteers can improve the precision in recognizing toponyms present in texts.

Lastly, Table 4.8 presents a summary of the results considering all 504 news of
the validation dataset.
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Table 4.8: All 504 news evaluations

Geonames Brasil Sudeste Minas Gerais Sub-state
PR RC F1 PR RC F1 PR RC F1 PR RC F1 PR RC F1
23% 80% 36% 40% 79% 53% 55% 78% 64% 63% 76% 69% 78% 74% 76%

These results show that all precision, recall, and F1 score values present a be-
havior that is similar to previous results with individual sub-section news (Table 4.7).
The experiments reveal that whether considering each sub-section individually or con-
sidering the set of 504 news items, the results are equivalent. Precision rose from 23%
to 74%, which is in line with the precision values shown in Table 4.7. On average, the
precision increase was 239% with 504 news items and 243% considering the average
increase in individual sub-sections. Also, the F1 rises significantly, by 111%. The re-
call value continues to present a small drop, of 8%. Again, we observed a considerable
increase in the precision of toponym recognition with a low decrease in the recall value.

All precision increases corroborate the hypothesis raised in this thesis, that fo-
cused gazetteers can improve the precision in recognizing toponyms present in texts.
Besides that, the gains in precision increasingly occur with less restricted focused
gazetteers (country-wide), an average increase of 74%.

In addition to improving the precision in the Geoparsing task, focused gazetteers
present less ambiguous candidates. Next section discusses the results observing that
aspect, considering the toponym ambiguity problem and focused gazetteers.

4.4 Ambiguity Analysis

Beyond increasing the precision in toponym recognition in the text, using focused
gazetteers limits the occurrence of ambiguous toponyms. As said in Section 4.1, the
focused gazetteers reduce the number of ambiguous candidates per toponym and, this
is an expected result. However, this reduction is only good if the correct place remains
within the candidate places identified by the gazetteer.

First, remember that focused gazetteers are directly related to the preliminary
geographic scope of the data. In other words, it is necessary to have prior information
about the geographic region to which the text probably refers in order to be able to
select and use a focused gazetteer. In this way, the primary geographic focus serves as
a geographic boundary for the focused gazetteer.

Considering the focused gazetteers, Table 4.2 and Table 4.3, in Section 4.1, show
a comparison of the average number of ambiguous candidates per toponym in the
news. Furthermore, Table 4.4, also in Section 4.1, indicates the size of these gazetteers



4.4. Ambiguity Analysis 49

compared to the complete Geonames. Table 4.9 presents these data again, but relating
them to the precision results from the previous section, which were calculated over the
sample of the texts that were submitted to human evaluation.

Table 4.9: Number of Toponyms to each Validation Focused Gazetteers

Gazetteer Toponyms(total) Precision Recall AmbC/TpC
Geonames 12,023,361 23% 80% 25.43
Country-focused 119,711 40% 79% 7.89
Region-focused 31,421 55% 78% 3.83
State-focused 11,298 63% 76% 2.41
Sub-state-focused
Belo Horizonte 4,361 74% 61% 2.07
Centro-Oeste 2,006 81% 73% 1.94
Grande Minas 3,022 82% 77% 2.37
Sul de Minas 2,099 77% 79% 1.94
Triângulo Mineiro 1,471 86% 75% 2.02
Vales de Minas 2,303 78% 74% 1.87
Zona da Mata 3,015 70% 76% 1.91

The Toponyms(total) column indicates the number of toponyms present in each
gazetteer. Precision and Recall columns show, respectively, the percentage of the
real toponyms found and the percentage of toponyms actually cited found with the
Geoparsing task. In the Validation step (Section 3.3), volunteers validated the precision
and recall values. The last column, AmbC/TpC indicates the average of ambiguous
candidates per toponym.

Precision gains have already been discussed and analyzed in Section 4.3. In
Table 4.9, they are present to confirm the relevance of the reduction in the average
number of candidates by toponyms. The drop in the AmbC/TpC value is also relevant.
This average falls from 25.43 per toponym, with Geonames, to 2.41 with state-focused
gazetteers, a 90.52% reduction. Using the Vales de Minas-focused gazetteer to calculate
the percentage decrease, it reaches 92.65%.

Still, with the Vales de Minas-focused gazetteer, the AmbC/TpC is 1.87, meaning
that for each toponym present in the news text, there are, on average, just under two
candidates left for the disambiguation process to select. Furthermore, given that the
Vales de Minas-focused gazetteer contains only toponyms belonging to that geographic
region, it can be said that the candidates eliminated correspond to false ones. The 78%
precision and 74% recall, to the Geoparsing method, corroborates this observation.
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In summary, the Vales de Minas-focused gazetteer has less than 0.02% of the
toponyms in Geonames, but achieves precision and recall over 70%, with a 92.65%
reduction in the average number of toponym candidates per news text. Other results
shown in Table 4.9 are consistent with this explanation.

Figure 4.4 exhibits all candidates for toponyms found with the validation dataset
using GeoNames. For each candidate found in one of the 504 news items, we plotted
all corresponding points using their geographic coordinates. Each point represents a
disambiguation location for one of the toponym candidates.

Figure 4.4: Ambiguous candidates with GeoNames

Blue dots indicate unambiguous candidates and represent only 1% of the total.
Candidates for toponyms with more than 60 possible locations correspond to 49% of
the total. The percentage of toponyms with more than 30 candidate places is about
74%. It is possible to notice that even though news are from Minas Gerais, there are
points spread worldwide, indicating a high potential to contribute to ambiguity.

Figure 4.5 display the same map with toponym candidates but considering the
Brazil-focused gazetteer. The first result is obvious and comes from the definition of the
focused gazetteers themselves. The country-focused gazetteer eliminates all candidates
outside Brazil’s borders.
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Figure 4.5: Ambiguous candidates with country-focused gazetteer

Again, each point represents a candidate for the disambiguation of a toponym.
In addition to eliminating candidates outside Brazil’s territorial limits, the country-
focused gazetteer decreases the number of ambiguous candidates. The number of blue
points rose to 2% of the total, while the number of toponyms with more than 30
candidate places dropped to 62%. In turn, Figure 4.6 presents ambiguous candidates
on the map regarding the state-focused gazetteer.

Figure 4.6: Ambiguous candidates with state-focused gazetteer
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With each more restricted focused-gazetteer, the maps display more light-colored
dots (blue and orange) and fewer dark-colored ones (purple and pink). For this state
focused-gazetteer, there are no ambiguous toponyms with more than 30 candidate
places. Also, the percentage of unambiguous dots (blue ones) reached 16% of the total.
This visual result is relevant considering the precision and recall values obtained with
the country-focused gazetteer, shown in Table 4.9.

Table 4.10 exhibits the ambiguity analysis to all datasets created. The table has
the sizes of all focused gazetteers (Toponyms(total)) together with the number of news
of each G1 section (News(total)) and the average values of ambiguous candidates per
toponym (AmbC/TpC). The precision and recall values obtained with the validation
dataset corroborate the results shown.

The AmbC/TpC column has values consistent with , indicating a reduction in the
number of ambiguous candidates by toponym. The first two lines from Table 4.10 are
different from the respective lines in Table 4.9 because the last one considers all 529,585
news, while the first is an analysis made on the 504 news items from the validation
dataset. The average number of ambiguous candidates by toponym is 25.43 with the
validation dataset and 20.95 considering the complete dataset.

These averages remain the same considering both the country-focused gazetteer
and the region-focused-gazetteer. The AmbC/TpC is 7.98 to the validation dataset and
8.81 to the complete one with Brazil-focused. The values of AmbC/TpC remain close
with the region-focused gazetteer, 3.83 to validation and 3.77 to the whole dataset.

The reduction in AmbC/TpC values is also similar. The fall from 20.95 using
GeoNames to 8.81 using Brazil-focused represents a 58% reduction. With the validation
dataset, there was a 69% reduction in the AmbC/TpC values. With regions-focused
gazetteers, the average drop is between 77% (with Nordeste-focused) and 89% (with
Centro-Oeste-focused). Considering the states focused gazetteers, the AmbC/TpC
reduction is over 87%, with São Paulo-focused, reaching 94% with Distrito-Federal-
focused gazetteer.

These reductions in the number of ambiguous candidates per toponym are rel-
evant because they indicate the possibility of using simpler and more efficient disam-
biguation solutions after the geoparsing stage. Chapter 5 discusses the conclusions of
this thesis and future work involving focused gazetteers.
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Table 4.10: Number of Toponyms considering all dataset

Gazetteer Toponyms(total) News(total) AmbC/TpC
Geonames 12,023,361 529,585 20.95
Brasil-focused 119,711 529,585 8.81
Regions-focused
Norte 17,022 93,350 4.59
Nordeste 33,351 108,110 4.82
Centro-Oeste 10,684 42,572 2.24
Sudeste 31,946 227,407 3.77
Sul 26,708 57,968 2.46

States-focused
Acre 1,044 12,650 2.67
Amapá 509 12,154 2.36
Amazonas 6,095 7,373 2.62
Pará 4,203 27,939 2.00
Rondonia 1,243 7,669 1.85
Roraima 1,123 9,070 1.89
Tocantins 2,805 16,495 1,79
Alagoas 1,096 14,521 1.59
Bahia 7,620 16,482 2.55
Ceará 6,286 10,952 1.99
Maranhão 4,156 5,798 2.65
Paraíba 2,334 3,281 2.04
Pernambuco 3,336 28,400 2.15
Piauí 1,123 8,267 2.04
Rio Grande do Norte 2,535 9,590 2.17
Sergipe 476 10,819 1.72
Distrito Federal 269 8,977 1.28
Goiás 476 9,637 2.34
Mato Grosso 3,782 9,759 1.87
Mato Grosso do Sul 2,524 14,199 2.04
Espírito Santo 1,457 8,409 1.76
Minas Gerais 11,298 55,529 2.41
Rio de Janeiro 5,705 45,475 1.99
São Paulo 13,486 117,994 2.81
Paraná 17,703 26,521 1.87
Rio Grande do Sul 4,008 16,779 2.13
Santa Catarina 4,497 14,668 1.85





Chapter 5

Conclusions and Future Work

This thesis aimed to show that a focused gazetteer increases the precision in the geo-
parsing task, generating less ambiguity in the process. Experimental results confirm
that, using a broad indication as to a region to which a text is related as a preliminary
step, a gazetteer whose contents focus in that region obtains better results, using the
same geoparsing algorithm.

We conducted a comprehensive and exhaustive review of the literature about
the geographic scope resolution problem. This literature review originated a survey
that identifies the tasks that make up the GSRP and tries to group the different
nomenclatures existing in the literature [Monteiro et al., 2016]. Besides that, this
survey contains classifications of the algorithms and solution methods of both the
GSRP and its tasks.

Such a survey enabled to check the difficulty in comparing different works about
the GSRP or its tasks. Most of these works change the methods, the dataset, and the
external knowledge base. Besides that, most of them focused only on the efficiency
and effectiveness of the proposed algorithms. Considering this, we have proposed a
methodology for evaluating the external knowledge base. In particular, the gazetteers.
Until February 2021, there have been more than thirty citations to this work1.

This proposed methodology evaluated gazetteers in the geoparsing task. It
changed the size and scope of gazetteers while maintained algorithms and datasets con-
stants. Each different gazetteer, named a focused gazetteer, contains only toponyms
belonging to a geographical boundary, such as a country, region, or state. This char-
acteristic of keeping the methods and dataset fixed and varying the gazetteers is the
main innovation of the proposed methodology.

133 citations according to Google Scholar, and 23 according to metrics of ScienceDirect

55



56 Chapter 5. Conclusions and Future Work

One of the first difficulties was obtaining a dataset already labeled for use with
the geoparsing task. As stated earlier, there is a lack of freely available geographic
datasets in general [Gritta et al., 2018]. With that, we created a dataset composed
of more than 500,000 news texts in Portuguese. Each news item has a preliminary
geographical scope, indicated by the G1 portal editorial that stored the news. All the
news items went through a geoparsing method (Algorithm 1) using Geonames. The
algorithm worked as a Geo/Non-Geo classifier for each text. However, this classification
was not definitive and still needed a manual check to confirm the results.

The Validation step depended on the voluntary participation of people. It was
only possible to check a small part of the dataset, about 500 news items. If we had
access to a previously labeled dataset, it would be possible to skip the Validation
step. Also, it would be possible to analyze the focused gazetteer with the Reference
Resolution task.

In the experimental evaluation, significant increases in precision were observed,
rising from 23% (with Geonames) to 78% with a sub-state-focused gazetteer. Further-
more, this increase was consistent, not only comparing the full Geonames contents to
the sub-state gazetteer, but also with the other focused gazetteers. The lowest preci-
sion gain occurs with the gazetteer that comprises toponyms for the entire country of
Brazil, an increase of 74%.

Meanwhile, the recall only drops from 80% to 74%. The smaller size of the
focused gazetteers explains this recall loss. For comparison purposes only, each sub-
state gazetteer has less than 1% of the number of Geonames toponyms. For instance,
Belo Horizonte news can mention places such as Minas Gerais or Brazil, and the sub-
state-focused gazetteer would miss these two toponyms. So, a possible solution to avoid
this recall loss is to keep a well-known toponym list. This list can contain, for instance,
the country and the state that covers the sub-state region. This list of toponyms can
prevent recall loss, but experiments to prove it still needs to be done.

In addition to increased precision, focused gazetteers also reduce the number of
ambiguous candidates per toponym. The geographic delimitation offered by the fo-
cused gazetteers eliminates false candidates to the reference resolution step. In manual
and punctual checks of some news texts, we noted that the candidates eliminated are
really false ones. In this way, the focused gazetteers can contribute to disambiguation
solutions, providing less ambiguous candidates by toponym.

The experimental results confirm the hypothesis of this work, and show that it
is not necessary to use a broad generalist gazetteer to perform the geoparsing task
efficiently. Focused gazetteers are smaller and require less effort for construction and
maintenance. Furthermore, focused gazetteers can be built from broader ones using
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simple selection techniques, or using gazetteer organization features such as hierarchical
territory subdivisions. Also, as shown with the experiments described in this thesis,
they produce a more efficient result in the geoparsing task, and facilitate the next step
in the determination of the geographic scope of the document, geolocating, due to the
significantly reduced toponym ambiguity.

It is worth mentioning that the use of focused gazetteers requires information
on a rough geographical scope of the text. This primary scope is necessary to delimit
the gazetteer geographically. In this sense, news previously organized by location
corresponds to the type of text suitable for use. Nevertheless, the conclusion that a
focused gazetteer suggests, as future research, the design of new geoparsing techniques
that incrementally expand the scope of the gazetteer used looking for gains in recall,
or that try to obtain a focused region from the comparative verification of ambiguous
candidates, generated by the broadest gazetteer contents.

The lack of a previously labeled dataset and the dependence on volunteers to
confirm the results were the main difficulties and limitations encountered. Extensions
and continuations of this work are in Section 5.1.

In summary, the main contributions of this work were:

• A survey about the GSRP and its tasks (Geoparsing, Reference Resolution, and
Grounding References), each one is defined considering its needs and their relation
with the GSRP. Also, it contains a classification of the solutions present in the
literature for the GSRP and its tasks [Monteiro et al., 2016];

• A dataset containing 529,585 news texts in Portuguese. All news items is as-
sociated to a primary geographic scope, provided by the identification of the
subsection in which they appear in a news portal. Also, the dataset contains the
results of Algorithm 1, using Geonames and other focused gazetteers, applied to
each news item. This result still needs to be checked since it has false positives;

• A subset of the news dataset (500 news) with places annotated by people. This
kind of dataset is useful to compare geoparsing methods or even to compare
different solutions to the geoparsing step;

• A methodological approach to evaluate the external knowledge base used in
GSRP or its tasks. Our methodology compares different gazetteers while keeping
the method and the dataset fixed;

• A verification that focused-gazetteers increase the precision in the geoparsing
task with a small loss of recall.
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5.1 Future Work

This section describes open questions raised during the research for this thesis, proposed
here as future work.

Even though we verified, in a manual check, that there was a reduction in the
number of candidates for disambiguation when using focused gazetteers, our method-
ology does not contemplate this feature. So, future works can deal with reference
resolution using focused gazetteers. Intuitively, smaller gazetteers should present fewer
candidates for each toponym, and the idea would be to assess the size of this reduction
compared to the size of the focused gazetteer. It is necessary to have a previously
labeled dataset with all toponyms and their real location or use people to serve as
Geo/Geo classifiers.

Another future work that we envision is the use of focused gazetteers with other
geoparsing algorithms or even with other GSRP methods. As we describe in Chapter 2,
there are types of geoparsing algorithms beyond the lookup-based used in this thesis,
such as rule-based and supervised-based. These two types also use external knowledge
sources, such as a gazetteer. The idea is to replicate this thesis’s methodology, changing
the method if the goal is to re-evaluate focused gazetteers. Still, news works can
evaluate previous solutions (to Geoparsing, Reference Resolution, or even GSRP) with
focused gazetteers to check for increased efficiency.

New solutions to GSRP and its tasks also can be researched with the focused
gazetteers. The idea is to consider the preliminary geographic scope of the data to
delimit the gazetteer. First, if the data does not have a primary geographic focus, it is
necessary to infer one. Artificial intelligence techniques and NLP (Natural Language
Processing) methods can help in this task, using metadata such as URLs, toponyms in
titles, or web page source code. This process would correspond to the automation of
the methodology used in this thesis. With dynamically generated focused gazetteers,
there will be less effort to prepare the dataset to be geoparsed or disambiguated.

To generate focused gazetteers dynamically is necessary to think in new struc-
tures to store the gazetteers. The intention is to include in the gazetteer the inherent
hierarchy between places. For example, countries have many states, and several cities
belong to a state. Graphs and hierarchical databases appear as the first suggestions.
Another relevant feature to put in gazetteers are the spatial relationships. These rela-
tionships allowed us to consult, for example, toponyms considering their geographical
neighbors or their position in the hierarchy.
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Appendix A

Results for G1 Minas Gerais
sub-section news

This appendix has individuals tables with results for all G1 Minas Gerais sub-sections
news. In all tables, PR, RC, and F1 means, respectively, Precision, Recall and F1 Score.
The N column shows the news id, and the next five large columns show the values of
precision and F1 score using, respectively, the gazetteers: Geonames, country-focused
(Brazil), region-focused (Sudeste), state-focused (Minas Gerais), and sub-state-focused
(Belo Horizonte e Região). As recall values are constant, only the column Geonames
presents these values.

In Table A.1 the column CO means Centro-Oeste G1 sub-section.

Table A.1: Centro-Oeste sub-state news evaluation

Geonames Brazil Southeast MG CO
N PR RC F1 PR F1 PR F1 PR F1 PR F1
81 29% 50% 37% 67% 57% 67% 57% 67% 57% 67% 57%
82 25% 75% 38% 60% 67% 75% 75% 75% 75% 75% 75%
83 23% 100% 37% 43% 60% 50% 67% 50% 67% 67% 80%
84 44% 100% 61% 80% 89% 100% 100% 100% 100% 100% 100%
85 30% 100% 46% 43% 60% 60% 75% 60% 75% 60% 75%
86 33% 100% 50% 100% 100% 100% 100% 100% 100% 100% 100%
87 33% 80% 47% 80% 80% 100% 89% 100% 89% 100% 89%
88 30% 75% 43% 75% 75% 100% 86% 100% 86% 100% 86%
89 50% 86% 63% 80% 80% 100% 89% 100% 89% 100% 89%
90 18% 50% 26% 33% 40% 50% 50% 50% 50% 50% 50%
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Table A.1 continued from previous page
Geonames Brazil Southeast MG CO

N PR RC F1 PR F1 PR F1 PR F1 PR F1
91 18% 100% 31% 33% 50% 100% 100% 100% 100% 100% 100%
92 30% 100% 46% 50% 67% 100% 100% 100% 100% 100% 100%
93 40% 100% 57% 100% 100% 100% 100% 100% 100% 100% 100%
94 20% 67% 31% 50% 57% 100% 80% 100% 80% 100% 80%
95 42% 78% 55% 50% 61% 54% 64% 82% 80% 88% 83%
96 50% 100% 67% 67% 80% 100% 100% 100% 100% 100% 100%
97 27% 60% 37% 50% 55% 75% 67% 75% 67% 75% 67%
98 20% 50% 29% 50% 50% 67% 57% 67% 57% 67% 57%
99 18% 43% 25% 27% 33% 50% 46% 60% 50% 60% 50%
100 21% 100% 35% 60% 75% 75% 86% 75% 86% 75% 86%
101 10% 33% 15% 15% 21% 38% 35% 60% 43% 100% 50%
102 25% 75% 38% 60% 67% 75% 75% 75% 75% 75% 75%
103 33% 43% 37% 60% 50% 100% 60% 100% 50% 100% 50%
104 25% 67% 36% 67% 67% 100% 80% 100% 80% 100% 80%
105 32% 86% 47% 86% 86% 86% 86% 100% 92% 100% 92%
106 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
107 33% 75% 46% 75% 75% 100% 86% 100% 86% 100% 86%
108 18% 67% 28% 33% 44% 50% 57% 50% 57% 50% 57%
109 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
110 20% 67% 31% 50% 57% 67% 67% 67% 67% 67% 67%
111 25% 75% 38% 60% 67% 75% 75% 75% 75% 75% 75%
112 23% 50% 32% 38% 43% 38% 43% 38% 43% 60% 55%
113 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
114 60% 67% 63% 86% 75% 100% 80% 100% 77% 100% 67%
115 13% 67% 22% 18% 28% 29% 40% 67% 67% 67% 67%
116 18% 67% 28% 33% 44% 50% 57% 50% 57% 50% 57%
117 38% 75% 50% 50% 60% 75% 75% 75% 75% 75% 75%
118 27% 67% 38% 43% 52% 55% 60% 67% 67% 83% 71%
119 55% 100% 71% 83% 91% 100% 100% 100% 100% 100% 100%
120 30% 75% 43% 75% 75% 100% 86% 100% 86% 100% 86%
121 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
122 27% 75% 40% 50% 60% 75% 75% 100% 86% 100% 86%
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Table A.1 continued from previous page
Geonames Brazil Southeast MG CO

N PR RC F1 PR F1 PR F1 PR F1 PR F1
123 30% 75% 43% 75% 75% 100% 86% 100% 86% 100% 86%
124 21% 100% 35% 27% 43% 60% 75% 100% 100% 100% 100%
125 27% 75% 40% 50% 60% 75% 75% 100% 86% 100% 86%
126 40% 100% 57% 67% 80% 100% 100% 100% 100% 100% 100%
127 26% 83% 40% 45% 58% 71% 77% 100% 91% 100% 89%
128 18% 67% 28% 33% 44% 50% 57% 67% 67% 67% 67%
129 33% 80% 47% 67% 73% 100% 89% 100% 89% 100% 89%
130 23% 75% 35% 33% 46% 43% 55% 60% 67% 60% 67%
131 22% 100% 36% 50% 67% 67% 80% 67% 80% 67% 80%
132 15% 100% 26% 20% 33% 29% 45% 67% 80% 67% 80%
133 22% 100% 36% 50% 67% 67% 80% 67% 80% 67% 80%
134 27% 75% 40% 50% 60% 75% 75% 100% 86% 100% 86%
135 45% 83% 58% 73% 76% 80% 80% 80% 80% 80% 80%
136 20% 67% 31% 50% 57% 67% 67% 67% 67% 67% 67%
137 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
138 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
139 36% 80% 50% 80% 80% 100% 89% 100% 89% 100% 89%
140 33% 43% 37% 75% 55% 100% 60% 100% 60% 100% 60%
141 14% 67% 23% 20% 31% 33% 44% 40% 50% 40% 50%
142 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
143 50% 50% 50% 50% 50% 67% 57% 67% 57% 67% 57%
144 22% 67% 33% 50% 57% 67% 67% 67% 67% 67% 67%
145 50% 100% 67% 100% 100% 100% 100% 100% 100% 100% 100%
146 23% 100% 37% 44% 61% 58% 73% 60% 75% 75% 86%
147 33% 83% 47% 45% 58% 62% 71% 71% 77% 71% 77%
148 33% 75% 46% 75% 75% 100% 86% 100% 86% 100% 86%
149 25% 75% 38% 60% 67% 75% 75% 75% 75% 75% 75%
150 11% 67% 19% 20% 31% 40% 50% 67% 67% 67% 67%
151 36% 80% 50% 80% 80% 100% 89% 100% 89% 100% 89%
152 33% 100% 50% 67% 80% 75% 86% 75% 86% 75% 86%
153 46% 100% 63% 75% 86% 100% 100% 100% 100% 100% 100%
154 25% 75% 38% 60% 67% 75% 75% 75% 75% 75% 75%
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Table A.1 continued from previous page
Geonames Brazil Southeast MG CO

N PR RC F1 PR F1 PR F1 PR F1 PR F1
155 20% 50% 29% 50% 50% 67% 57% 67% 57% 67% 57%
156 12% 75% 21% 25% 38% 25% 36% 50% 57% 50% 57%
157 25% 75% 38% 60% 67% 75% 75% 75% 75% 75% 75%
158 33% 75% 46% 75% 75% 100% 86% 100% 86% 100% 86%
159 36% 80% 50% 80% 80% 100% 89% 100% 89% 100% 89%
160 33% 100% 50% 50% 67% 67% 80% 100% 100% 100% 100%

In Table A.2 the column GM means Grande Minas G1 sub-section.

Table A.2: Grande Minas sub-state news evaluation

Geonames Brazil Southeast MG GM
N PR RC F1 PR F1 PR F1 PR F1 PR F1
161 54% 81% 65% 76% 78% 85% 82% 92% 85% 100% 87%
162 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
163 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
164 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
165 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
166 13% 100% 23% 33% 50% 67% 80% 100% 100% 100% 100%
167 3% 50% 6% 10% 17% 100% 67% 100% 67% 100% 67%
168 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
169 13% 100% 23% 75% 86% 75% 86% 75% 86% 100% 100%
170 10% 100% 18% 25% 40% 33% 50% 50% 67% 100% 100%
171 14% 50% 22% 11% 17% 25% 28% 100% 50% 100% 50%
172 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
173 17% 100% 29% 50% 67% 50% 67% 67% 80% 100% 100%
174 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
175 18% 100% 31% 40% 57% 40% 57% 67% 80% 100% 100%
176 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
177 15% 100% 26% 20% 33% 25% 40% 25% 40% 50% 67%
178 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
179 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table A.2 continued from previous page
Geonames Brazil Southeast MG GM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
180 23% 75% 35% 30% 43% 35% 48% 31% 42% 75% 67%
181 9% 100% 17% 18% 31% 20% 33% 20% 33% 100% 100%
182 15% 100% 26% 40% 57% 50% 67% 67% 80% 100% 100%
183 16% 50% 24% 43% 46% 75% 60% 75% 60% 100% 67%
184 6% 100% 11% 9% 17% 11% 20% 11% 20% 50% 67%
185 22% 100% 36% 45% 62% 62% 77% 62% 77% 83% 91%
186 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
187 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
188 10% 100% 18% 14% 25% 20% 33% 33% 50% 100% 100%
189 8% 100% 15% 12% 21% 13% 23% 50% 67% 100% 100%
190 6% 100% 11% 17% 29% 25% 40% 0% 0% 0% 0%
191 10% 100% 18% 18% 31% 29% 45% 40% 57% 100% 100%
192 29% 100% 45% 45% 62% 50% 67% 56% 72% 80% 89%
193 14% 100% 25% 40% 57% 40% 57% 40% 57% 67% 80%
194 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
195 16% 75% 26% 33% 46% 100% 86% 100% 80% 100% 67%
196 25% 100% 40% 36% 53% 36% 53% 38% 55% 50% 67%
197 8% 100% 15% 10% 18% 10% 18% 14% 25% 33% 50%
198 4% 100% 8% 8% 15% 33% 50% 50% 67% 100% 100%
199 18% 67% 28% 22% 33% 67% 67% 100% 80% 100% 80%
200 18% 80% 29% 22% 35% 31% 45% 33% 46% 100% 86%
201 19% 100% 32% 27% 43% 75% 86% 75% 86% 100% 100%
202 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
203 12% 50% 19% 18% 26% 50% 44% 100% 57% 100% 57%
204 45% 83% 58% 62% 71% 80% 80% 100% 89% 100% 89%
205 9% 60% 16% 20% 30% 33% 43% 29% 37% 67% 57%
206 27% 88% 41% 54% 67% 86% 86% 86% 86% 100% 91%
207 11% 100% 20% 50% 67% 100% 100% 100% 100% 100% 100%
208 12% 60% 20% 16% 25% 50% 55% 100% 75% 100% 75%
209 6% 50% 11% 11% 18% 17% 25% 17% 25% 100% 67%
210 11% 50% 18% 18% 26% 12% 18% 25% 28% 50% 40%
211 8% 100% 15% 12% 21% 33% 50% 33% 50% 100% 100%
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Table A.2 continued from previous page
Geonames Brazil Southeast MG GM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
212 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
213 8% 100% 15% 12% 21% 20% 33% 33% 50% 100% 100%
214 15% 100% 26% 31% 47% 83% 91% 67% 80% 100% 100%
215 14% 100% 25% 18% 31% 29% 45% 33% 50% 50% 67%
216 18% 80% 29% 36% 50% 50% 62% 80% 80% 100% 89%
217 6% 100% 11% 11% 20% 50% 67% 50% 67% 100% 100%
218 22% 100% 36% 39% 56% 53% 69% 58% 73% 75% 86%
219 35% 86% 50% 46% 60% 38% 50% 60% 67% 100% 86%
221 21% 67% 32% 36% 47% 75% 67% 100% 67% 100% 67%
222 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
223 12% 100% 21% 33% 50% 40% 57% 0% 0% 0% 0%
224 11% 71% 19% 31% 43% 83% 77% 100% 83% 100% 75%
225 14% 75% 24% 21% 33% 43% 55% 100% 86% 100% 86%
226 23% 100% 37% 38% 55% 75% 86% 100% 100% 100% 100%
227 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
228 12% 100% 21% 30% 46% 38% 55% 50% 67% 100% 100%
229 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
230 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
231 17% 100% 29% 33% 50% 33% 50% 33% 50% 50% 67%
232 15% 75% 25% 25% 38% 38% 50% 25% 33% 100% 67%
233 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
234 7% 100% 13% 10% 18% 20% 33% 20% 33% 50% 67%
236 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
238 14% 100% 25% 20% 33% 25% 40% 50% 67% 100% 100%
239 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
240 17% 100% 29% 38% 55% 60% 75% 67% 80% 67% 80%

In Table A.3 the column SM means Sul de Minas G1 sub-section.
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Table A.3: Sul de Minas sub-state news evaluation

Geonames Brazil Southeast MG SM
N PR RC F1 PR F1 PR F1 PR F1 PR F1
241 52% 100% 68% 48% 65% 54% 70% 67% 80% 83% 91%
242 40% 55% 46% 67% 60% 50% 43% 50% 43% 60% 47%
245 33% 93% 49% 59% 72% 46% 60% 67% 75% 86% 86%
246 3% 100% 6% 6% 11% 11% 20% 17% 29% 0% 0%
247 52% 100% 68% 88% 94% 91% 95% 94% 97% 93% 96%
248 38% 85% 53% 55% 67% 65% 74% 77% 80% 77% 80%
249 47% 94% 63% 67% 78% 83% 88% 83% 87% 100% 94%
250 28% 78% 41% 50% 61% 64% 70% 70% 74% 78% 78%
251 20% 100% 33% 75% 86% 75% 86% 75% 86% 75% 86%
252 54% 88% 67% 73% 79% 77% 81% 81% 81% 81% 81%
253 85% 92% 88% 100% 95% 100% 94% 100% 92% 100% 91%
254 44% 100% 61% 100% 100% 100% 100% 100% 100% 100% 100%
255 27% 92% 42% 48% 63% 58% 71% 85% 88% 92% 92%
256 48% 77% 59% 67% 72% 79% 76% 74% 70% 67% 63%
257 23% 86% 36% 55% 67% 60% 71% 67% 73% 80% 80%
259 48% 91% 63% 75% 82% 89% 89% 100% 94% 100% 94%
261 40% 100% 57% 67% 80% 80% 89% 80% 89% 100% 100%
262 31% 92% 46% 58% 71% 79% 85% 85% 88% 78% 83%
263 48% 83% 61% 55% 66% 50% 60% 73% 73% 69% 69%
265 48% 88% 62% 80% 83% 100% 90% 100% 89% 100% 87%
266 32% 85% 46% 50% 63% 61% 71% 67% 73% 67% 73%
267 23% 80% 36% 38% 52% 57% 67% 60% 67% 67% 71%
268 19% 80% 31% 50% 62% 67% 73% 80% 80% 80% 80%
269 41% 88% 56% 64% 74% 70% 78% 70% 78% 88% 88%
270 17% 75% 28% 38% 50% 50% 60% 60% 67% 75% 75%
271 57% 95% 71% 74% 83% 76% 84% 75% 83% 79% 86%
273 33% 100% 50% 100% 100% 100% 100% 100% 100% 100% 100%
274 23% 100% 37% 75% 86% 75% 86% 67% 80% 100% 100%
275 29% 67% 40% 100% 80% 100% 80% 100% 80% 100% 80%
276 25% 100% 40% 75% 86% 100% 100% 100% 100% 100% 100%
277 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
278 26% 85% 40% 37% 52% 46% 60% 69% 75% 75% 78%
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Table A.3 continued from previous page
Geonames Brazil Southeast MG SM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
279 26% 86% 40% 50% 63% 75% 80% 86% 86% 100% 92%
280 25% 83% 38% 50% 62% 71% 77% 83% 83% 83% 83%
281 14% 100% 25% 27% 43% 30% 46% 38% 55% 50% 67%
282 28% 78% 41% 38% 50% 50% 59% 56% 63% 62% 66%
283 23% 100% 37% 46% 63% 55% 71% 43% 60% 67% 80%
284 54% 100% 70% 67% 80% 76% 86% 87% 93% 87% 93%
285 50% 89% 64% 57% 69% 72% 78% 83% 83% 87% 84%
286 27% 100% 43% 46% 63% 50% 67% 56% 72% 71% 83%
287 40% 82% 54% 48% 61% 61% 70% 67% 74% 62% 69%
288 27% 81% 41% 46% 59% 50% 62% 55% 65% 57% 64%
289 54% 88% 67% 63% 73% 74% 79% 80% 82% 71% 73%
290 31% 62% 41% 40% 49% 44% 50% 44% 50% 58% 58%
291 43% 78% 55% 53% 63% 69% 73% 65% 70% 71% 73%
292 35% 84% 49% 41% 55% 54% 65% 65% 71% 64% 69%
293 32% 78% 45% 45% 57% 67% 71% 62% 64% 56% 56%
294 35% 89% 50% 41% 56% 53% 66% 55% 68% 58% 70%
295 43% 75% 55% 100% 86% 100% 86% 100% 86% 100% 86%
297 43% 75% 55% 100% 86% 100% 86% 100% 80% 100% 80%
298 20% 75% 32% 35% 48% 36% 48% 45% 55% 67% 67%
299 24% 83% 37% 43% 57% 47% 60% 47% 59% 55% 63%
301 44% 80% 57% 100% 89% 100% 89% 100% 86% 100% 86%
302 37% 77% 50% 42% 54% 60% 67% 64% 69% 69% 72%
303 56% 83% 67% 100% 91% 100% 91% 100% 89% 100% 89%
304 26% 92% 41% 52% 66% 85% 88% 91% 91% 100% 95%
305 29% 78% 42% 55% 63% 71% 71% 100% 83% 100% 83%
307 39% 89% 54% 50% 64% 67% 74% 77% 80% 100% 90%
308 14% 50% 22% 33% 40% 100% 67% 100% 67% 100% 67%
310 28% 73% 40% 70% 70% 100% 82% 100% 67% 100% 67%
311 17% 50% 25% 67% 57% 100% 67% 100% 67% 100% 67%
312 25% 75% 38% 50% 60% 62% 66% 83% 77% 83% 77%
313 49% 89% 63% 71% 79% 71% 77% 77% 80% 89% 84%
314 23% 71% 35% 33% 44% 44% 53% 43% 50% 75% 67%
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Table A.3 continued from previous page
Geonames Brazil Southeast MG SM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
315 40% 100% 57% 55% 71% 67% 80% 80% 89% 100% 100%
316 13% 50% 21% 29% 37% 80% 62% 75% 55% 75% 55%
317 24% 82% 37% 28% 41% 38% 50% 36% 48% 40% 50%
318 30% 75% 43% 50% 60% 67% 67% 0% 0% 0% 0%
319 26% 71% 38% 38% 50% 80% 73% 100% 80% 100% 80%
320 13% 100% 23% 25% 40% 29% 45% 67% 80% 67% 80%

In Table A.4 the column TM means Triângulo Mineiro G1 sub-section.

Table A.4: Triângulo Mineiro sub-state news evaluation

Geonames Brazil Southeast MG TM
N PR RC F1 PR F1 PR F1 PR F1 PR F1
241 52% 100% 68% 48% 65% 54% 70% 67% 80% 83% 91%
242 40% 55% 46% 67% 60% 50% 43% 50% 43% 60% 47%
245 33% 93% 49% 59% 72% 46% 60% 67% 75% 86% 86%
246 3% 100% 6% 6% 11% 11% 20% 17% 29% 0% 0%
247 52% 100% 68% 88% 94% 91% 95% 94% 97% 93% 96%
248 38% 85% 53% 55% 67% 65% 74% 77% 80% 77% 80%
249 47% 94% 63% 67% 78% 83% 88% 83% 87% 100% 94%
250 28% 78% 41% 50% 61% 64% 70% 70% 74% 78% 78%
251 20% 100% 33% 75% 86% 75% 86% 75% 86% 75% 86%
252 54% 88% 67% 73% 79% 77% 81% 81% 81% 81% 81%
253 85% 92% 88% 100% 95% 100% 94% 100% 92% 100% 91%
254 44% 100% 61% 100% 100% 100% 100% 100% 100% 100% 100%
255 27% 92% 42% 48% 63% 58% 71% 85% 88% 92% 92%
256 48% 77% 59% 67% 72% 79% 76% 74% 70% 67% 63%
257 23% 86% 36% 55% 67% 60% 71% 67% 73% 80% 80%
259 48% 91% 63% 75% 82% 89% 89% 100% 94% 100% 94%
261 40% 100% 57% 67% 80% 80% 89% 80% 89% 100% 100%
262 31% 92% 46% 58% 71% 79% 85% 85% 88% 78% 83%
263 48% 83% 61% 55% 66% 50% 60% 73% 73% 69% 69%
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Table A.4 continued from previous page
Geonames Brazil Southeast MG TM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
265 48% 88% 62% 80% 83% 100% 90% 100% 89% 100% 87%
266 32% 85% 46% 50% 63% 61% 71% 67% 73% 67% 73%
267 23% 80% 36% 38% 52% 57% 67% 60% 67% 67% 71%
268 19% 80% 31% 50% 62% 67% 73% 80% 80% 80% 80%
269 41% 88% 56% 64% 74% 70% 78% 70% 78% 88% 88%
270 17% 75% 28% 38% 50% 50% 60% 60% 67% 75% 75%
271 57% 95% 71% 74% 83% 76% 84% 75% 83% 79% 86%
273 33% 100% 50% 100% 100% 100% 100% 100% 100% 100% 100%
274 23% 100% 37% 75% 86% 75% 86% 67% 80% 100% 100%
275 29% 67% 40% 100% 80% 100% 80% 100% 80% 100% 80%
276 25% 100% 40% 75% 86% 100% 100% 100% 100% 100% 100%
277 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
278 26% 85% 40% 37% 52% 46% 60% 69% 75% 75% 78%
279 26% 86% 40% 50% 63% 75% 80% 86% 86% 100% 92%
280 25% 83% 38% 50% 62% 71% 77% 83% 83% 83% 83%
281 14% 100% 25% 27% 43% 30% 46% 38% 55% 50% 67%
282 28% 78% 41% 38% 50% 50% 59% 56% 63% 62% 66%
283 23% 100% 37% 46% 63% 55% 71% 43% 60% 67% 80%
284 54% 100% 70% 67% 80% 76% 86% 87% 93% 87% 93%
285 50% 89% 64% 57% 69% 72% 78% 83% 83% 87% 84%
286 27% 100% 43% 46% 63% 50% 67% 56% 72% 71% 83%
287 40% 82% 54% 48% 61% 61% 70% 67% 74% 62% 69%
288 27% 81% 41% 46% 59% 50% 62% 55% 65% 57% 64%
289 54% 88% 67% 63% 73% 74% 79% 80% 82% 71% 73%
290 31% 62% 41% 40% 49% 44% 50% 44% 50% 58% 58%
291 43% 78% 55% 53% 63% 69% 73% 65% 70% 71% 73%
292 35% 84% 49% 41% 55% 54% 65% 65% 71% 64% 69%
293 32% 78% 45% 45% 57% 67% 71% 62% 64% 56% 56%
294 35% 89% 50% 41% 56% 53% 66% 55% 68% 58% 70%
295 43% 75% 55% 100% 86% 100% 86% 100% 86% 100% 86%
297 43% 75% 55% 100% 86% 100% 86% 100% 80% 100% 80%
298 20% 75% 32% 35% 48% 36% 48% 45% 55% 67% 67%
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Table A.4 continued from previous page
Geonames Brazil Southeast MG TM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
299 24% 83% 37% 43% 57% 47% 60% 47% 59% 55% 63%
301 44% 80% 57% 100% 89% 100% 89% 100% 86% 100% 86%
302 37% 77% 50% 42% 54% 60% 67% 64% 69% 69% 72%
303 56% 83% 67% 100% 91% 100% 91% 100% 89% 100% 89%
304 26% 92% 41% 52% 66% 85% 88% 91% 91% 100% 95%
305 29% 78% 42% 55% 63% 71% 71% 100% 83% 100% 83%
307 39% 89% 54% 50% 64% 67% 74% 77% 80% 100% 90%
308 14% 50% 22% 33% 40% 100% 67% 100% 67% 100% 67%
310 28% 73% 40% 70% 70% 100% 82% 100% 67% 100% 67%
311 17% 50% 25% 67% 57% 100% 67% 100% 67% 100% 67%
312 25% 75% 38% 50% 60% 62% 66% 83% 77% 83% 77%
313 49% 89% 63% 71% 79% 71% 77% 77% 80% 89% 84%
314 23% 71% 35% 33% 44% 44% 53% 43% 50% 75% 67%
315 40% 100% 57% 55% 71% 67% 80% 80% 89% 100% 100%
316 13% 50% 21% 29% 37% 80% 62% 75% 55% 75% 55%
317 24% 82% 37% 28% 41% 38% 50% 36% 48% 40% 50%
318 30% 75% 43% 50% 60% 67% 67% 0% 0% 0% 0%
319 26% 71% 38% 38% 50% 80% 73% 100% 80% 100% 80%
320 13% 100% 23% 25% 40% 29% 45% 67% 80% 67% 80%

In Table A.5 the column VM means Vales de Minas G1 sub-section.

Table A.5: Vales de Minas sub-state news evaluation

Geonames Brazil Southeast MG VM
N PR RC F1 PR F1 PR F1 PR F1 PR F1
401 33% 80% 47% 67% 73% 100% 86% 100% 86% 100% 86%
402 8% 100% 15% 22% 36% 29% 45% 29% 45% 67% 80%
403 25% 75% 38% 50% 60% 62% 66% 62% 66% 100% 80%
404 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
405 18% 40% 25% 22% 28% 25% 31% 29% 34% 100% 57%
406 21% 60% 31% 30% 40% 60% 60% 60% 60% 100% 75%
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Table A.5 continued from previous page
Geonames Brazil Southeast MG VM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
407 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
408 9% 100% 17% 25% 40% 33% 50% 33% 50% 100% 100%
409 4% 33% 7% 8% 13% 17% 22% 17% 22% 50% 40%
410 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
411 3% 100% 6% 6% 11% 10% 18% 10% 18% 25% 40%
412 12% 75% 21% 30% 43% 30% 43% 38% 50% 40% 50%
413 38% 89% 53% 50% 64% 62% 73% 67% 76% 100% 94%
414 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
415 33% 100% 50% 50% 67% 60% 75% 50% 67% 100% 100%
416 17% 100% 29% 25% 40% 38% 55% 50% 67% 67% 80%
417 5% 100% 10% 9% 17% 11% 20% 14% 25% 17% 29%
418 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
419 7% 100% 13% 9% 17% 25% 40% 33% 50% 100% 100%
420 48% 91% 63% 50% 63% 71% 77% 71% 77% 100% 91%
421 4% 50% 7% 20% 29% 25% 33% 33% 40% 50% 50%
422 7% 100% 13% 50% 67% 50% 67% 100% 100% 100% 100%
423 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
424 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
425 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
426 14% 100% 25% 20% 33% 33% 50% 50% 67% 100% 100%
427 25% 100% 40% 50% 67% 50% 67% 50% 67% 100% 100%
428 8% 100% 15% 14% 25% 20% 33% 20% 33% 0% 0%
429 22% 100% 36% 29% 45% 40% 57% 40% 57% 100% 100%
430 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
431 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
432 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
433 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
434 39% 100% 56% 64% 78% 100% 100% 100% 100% 100% 100%
435 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
436 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
437 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
438 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table A.5 continued from previous page
Geonames Brazil Southeast MG VM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
439 6% 100% 11% 13% 23% 22% 36% 22% 36% 100% 100%
440 12% 50% 19% 40% 44% 100% 67% 0% 0% 0% 0%
441 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
442 14% 100% 25% 18% 31% 50% 67% 50% 67% 100% 100%
443 22% 100% 36% 67% 80% 67% 80% 67% 80% 67% 80%
444 25% 100% 40% 50% 67% 60% 75% 60% 75% 60% 75%
445 22% 83% 35% 50% 62% 71% 77% 80% 80% 100% 80%
446 11% 100% 20% 40% 57% 40% 57% 57% 73% 57% 73%
447 15% 67% 25% 25% 36% 67% 67% 100% 80% 100% 80%
448 22% 80% 35% 29% 43% 50% 62% 50% 62% 100% 89%
449 29% 80% 43% 38% 52% 47% 59% 43% 55% 100% 80%
450 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
451 20% 90% 33% 50% 64% 55% 67% 55% 67% 80% 80%
452 8% 100% 15% 14% 25% 33% 50% 33% 50% 100% 100%
453 70% 76% 73% 92% 76% 89% 69% 83% 58% 100% 57%
454 35% 100% 52% 62% 77% 70% 82% 83% 91% 100% 100%
455 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
456 18% 100% 31% 33% 50% 38% 55% 100% 100% 100% 100%
457 12% 67% 20% 22% 33% 29% 40% 50% 57% 100% 80%
458 18% 100% 31% 38% 55% 75% 86% 75% 86% 100% 100%
459 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
461 13% 75% 22% 27% 40% 43% 55% 67% 67% 100% 80%
462 11% 100% 20% 17% 29% 50% 67% 50% 67% 100% 100%
463 14% 60% 23% 38% 47% 60% 60% 75% 67% 100% 75%
464 6% 100% 11% 8% 15% 8% 15% 20% 33% 100% 100%
465 5% 100% 10% 11% 20% 20% 33% 25% 40% 100% 100%
466 13% 57% 21% 27% 37% 44% 50% 44% 50% 100% 57%
467 25% 75% 38% 30% 43% 50% 60% 50% 60% 50% 57%
468 22% 80% 35% 44% 57% 50% 60% 75% 75% 100% 67%
469 25% 100% 40% 50% 67% 80% 89% 75% 86% 75% 86%
470 18% 100% 31% 40% 57% 67% 80% 100% 100% 100% 100%
471 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table A.5 continued from previous page
Geonames Brazil Southeast MG VM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
472 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
473 18% 71% 29% 27% 38% 75% 67% 67% 57% 100% 67%
474 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
475 12% 100% 21% 25% 40% 50% 67% 50% 67% 0% 0%
477 6% 100% 11% 11% 20% 25% 40% 25% 40% 33% 50%
478 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
479 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
480 13% 75% 22% 15% 25% 43% 55% 50% 60% 100% 80%

In Table A.6 the column ZM means Zona da Mata G1 sub-section.

Table A.6: Zona da Mata sub-state news evaluation

Geonames Brazil Southeast MG ZM
N PR RC F1 PR F1 PR F1 PR F1 PR F1
481 16% 43% 23% 38% 40% 75% 55% 100% 60% 100% 60%
482 17% 75% 28% 23% 35% 30% 43% 40% 50% 40% 50%
483 16% 74% 26% 22% 34% 25% 37% 33% 43% 41% 45%
484 21% 58% 31% 35% 43% 67% 60% 62% 55% 71% 59%
485 17% 80% 28% 40% 53% 57% 67% 60% 67% 75% 75%
486 9% 100% 17% 18% 31% 27% 43% 40% 57% 44% 61%
488 24% 88% 38% 44% 59% 64% 74% 70% 78% 75% 80%
489 11% 100% 20% 15% 26% 25% 40% 36% 53% 71% 83%
490 38% 100% 55% 57% 73% 52% 68% 55% 71% 59% 74%
491 11% 80% 19% 17% 28% 24% 37% 29% 43% 57% 67%
492 8% 100% 15% 12% 21% 22% 36% 50% 67% 67% 80%
493 15% 75% 25% 38% 50% 75% 75% 75% 75% 75% 75%
494 32% 80% 46% 42% 55% 50% 61% 58% 67% 71% 71%
495 37% 89% 52% 41% 55% 44% 56% 36% 47% 43% 50%
497 24% 100% 39% 37% 54% 44% 61% 62% 77% 88% 94%
501 21% 88% 34% 30% 45% 58% 70% 75% 80% 75% 80%
502 38% 100% 55% 60% 75% 75% 86% 100% 100% 100% 100%
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Table A.6 continued from previous page
Geonames Brazil Southeast MG ZM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
503 21% 100% 35% 50% 67% 83% 91% 83% 91% 80% 89%
504 8% 100% 15% 15% 26% 25% 40% 33% 50% 67% 80%
505 33% 67% 44% 67% 67% 67% 67% 100% 80% 100% 80%
506 31% 83% 45% 42% 56% 56% 67% 56% 67% 56% 67%
507 32% 100% 48% 50% 67% 67% 80% 86% 92% 86% 92%
508 20% 100% 33% 33% 50% 75% 86% 75% 86% 100% 100%
509 50% 100% 67% 50% 67% 100% 100% 100% 100% 100% 100%
511 25% 50% 33% 33% 40% 67% 57% 100% 67% 100% 67%
512 19% 100% 32% 33% 50% 55% 71% 60% 75% 67% 80%
515 28% 100% 44% 56% 72% 83% 91% 83% 91% 100% 100%
516 11% 62% 19% 19% 29% 33% 42% 33% 42% 33% 42%
517 29% 83% 43% 42% 56% 50% 60% 50% 60% 75% 75%
520 17% 100% 29% 31% 47% 67% 80% 67% 80% 80% 89%
521 26% 100% 41% 56% 72% 71% 83% 60% 75% 50% 67%
522 29% 100% 45% 33% 50% 40% 57% 67% 80% 100% 100%
523 38% 75% 50% 60% 67% 100% 86% 100% 86% 100% 86%
524 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
525 38% 86% 53% 50% 62% 71% 77% 83% 83% 100% 89%
526 6% 50% 11% 12% 19% 100% 67% 100% 67% 100% 67%
527 29% 100% 45% 67% 80% 100% 100% 100% 100% 100% 100%
528 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
529 22% 100% 36% 40% 57% 67% 80% 67% 80% 67% 80%
530 22% 67% 33% 40% 50% 67% 67% 67% 67% 67% 67%
531 21% 75% 33% 43% 55% 60% 67% 75% 75% 100% 86%
532 12% 67% 20% 15% 25% 20% 31% 67% 67% 67% 67%
533 19% 43% 26% 43% 43% 67% 44% 67% 44% 100% 50%
534 25% 67% 36% 50% 57% 67% 67% 67% 67% 67% 67%
535 38% 60% 47% 60% 60% 100% 75% 100% 75% 100% 75%
536 18% 60% 28% 25% 35% 38% 47% 38% 47% 33% 40%
537 67% 100% 80% 80% 89% 100% 100% 100% 100% 100% 100%
538 80% 100% 89% 100% 100% 100% 100% 100% 100% 100% 100%
539 7% 50% 12% 15% 23% 40% 44% 50% 50% 100% 67%
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Table A.6 continued from previous page
Geonames Brazil Southeast MG ZM

N PR RC F1 PR F1 PR F1 PR F1 PR F1
540 22% 100% 36% 25% 40% 40% 57% 100% 100% 100% 100%
541 33% 100% 50% 67% 80% 67% 80% 100% 100% 100% 100%
542 40% 100% 57% 50% 67% 50% 67% 100% 100% 100% 100%
543 25% 100% 40% 29% 45% 40% 57% 100% 100% 100% 100%
544 33% 100% 50% 50% 67% 100% 100% 100% 100% 100% 100%
545 57% 100% 73% 67% 80% 100% 100% 100% 100% 100% 100%
546 75% 100% 86% 75% 86% 75% 86% 75% 86% 67% 80%
547 40% 100% 57% 40% 57% 67% 80% 100% 100% 100% 100%
548 33% 100% 50% 50% 67% 67% 80% 100% 100% 100% 100%
549 25% 67% 36% 40% 50% 67% 67% 67% 67% 67% 67%
550 25% 67% 36% 50% 57% 67% 67% 67% 67% 67% 67%
551 20% 100% 33% 67% 80% 67% 80% 100% 100% 100% 100%
552 25% 67% 36% 40% 50% 67% 67% 67% 67% 67% 67%
553 100% 90% 95% 100% 91% 100% 86% 100% 86% 100% 86%
554 26% 62% 37% 33% 43% 50% 55% 71% 66% 50% 44%
555 40% 100% 57% 80% 89% 100% 100% 100% 100% 100% 100%
556 25% 67% 36% 100% 80% 100% 80% 100% 80% 100% 80%
557 20% 67% 31% 40% 50% 67% 67% 67% 67% 67% 67%
558 62% 100% 77% 71% 83% 100% 100% 100% 100% 100% 100%
559 30% 100% 46% 33% 50% 43% 60% 100% 100% 100% 100%
560 22% 67% 33% 40% 50% 67% 67% 67% 67% 67% 67%
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