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ABSTRACT

Land change models require large amounts of data, and are difficult to be reproduced, as well as to be reused. Some
initiatives to open and link data increase the reproducibility of scientific experiments and data reuse. One pillar of the
linked data concept is the use of Uniform Resource Identifier (URI). In this paper, we propose DBCells — an architecture
for publication of a global cellular space where each cell has a URI. This new approach will allow comparison,
reproduction and the reuse of models and data. However, in order to succeed, this proposal requires participation,
partnerships and investments. The main purpose of this paper is to present the architecture, benefits and challenges for
debating with the scientific community.

Keywords: Cellular-Space, Land-Change, Models, Open Data, Linked Data.
RESUMO

Os modelos de mudangas de uso e cobertura da terra demandam grandes quantidades de dados, tornando-os dificeis de
serem reproduzidos e reutilizados. Algumas iniciativas para abrir e conectar os dados aumentam a reprodutibilidade de
experimentos cientificos e a reutilizagdo dos seus dados. Um pilar do conceito de dados conectados é o uso de Uniform
Resource Identifier (URI). Neste artigo, propomos DBCells - uma arquitetura para publicag¢do de um espago celular global,
onde cada célula estd associada aum URI. Esta nova abordagem permitira a comparacao, reproducdo e reutilizacao de
modelos e dados. No entanto, para ter sucesso, esta proposta requer participacao, parcerias e investimentos. O objetivo
principal deste artigo ¢ abrir um debate com a comunidade cientifica sobre esta arquitetura, seus beneficios e desafios.

Palavras-chave: Espago Celulares, Modelos de Uso da Terra, Dados Abertos, Dados Conectados.



1. INTRODUCTION

The reproducibility is a crucial charac-
teristic for experimental science and requires
access to data and tools (MOLLOQY, 2011).
Furthermore, the comparison and reuse of data
and results play critical roles. The achievement
of these requirements is a great challenge in
experiments that demand large volumes of data,
like land change models. These models demand
data from environmental, social, technological,
and political drivers (MORAN et al., 2005;
TURNER et al., 2007). In general, each driver
is represented as a value in a spatial unit, a pixel
or a cell. A pixel is the smallest addressable
element in the raster layer that represents a
spatial variable, like slope or distance to roads.
The cell space is an alternative representation,
where each cell handles one or more types of
attribute (CAMARA et al., 2008). In both cases,
cells and pixels are not treated as unique and
distinct entities, but as partitions of a continuous
space. Then, even the smallest differences in
the bounding box of the study area can generate
different cell spaces. These differences make the
comparison and reuse of data a great challenge.
In this paper, we propose that each cell from
each resolution is a unique and distinct entity
that has a universal identifier, what we call
DBCells architecture.

The Uniform Resource Identifier (URI) is
one of the pillars of the web data architecture,
which links data instead of pages. The architecture
proposed by Tim Berners-Lee is referred to as
linked data (BERNERS-LEE, 2006) and provides
support for large datasets, such as DBpedia
(AUER et al., 2007) and GeoNames (WICK
& VATANT, 2012). The DBpedia describes all
the concepts from Wikipedia through URI, for
example, the National Institute for Space Research
is identifiable by:
http://dbpedia.org/data/National Institute for
Space Research.rdf. This institute is located in
Sao José dos Campos, and is identified in the
GeoNames by the following url:
http://sws.geonames.org/6322578/about.rdf.

Several authors have argued that linked
data allows experiments to become more
reproducible, which depends on large volumes
of data (KAUPPINEN & ESPINDOLA, 2011;
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MOLLOY 2011). In addition, some authors argue
that linked data can be explored to share large
volumes of data among the scientific community
(QUOCA et al., 2014). In Quoca et al. (2014)
the authors describe how NOAA dataset can be
transformed and published as linked data. The
data from 20.000 weather sensor stations over
the world were converted to 177 billion triples.
Other example of linked open data is the Linked
Brazilian Amazon Rainforest Data (KAUPPINEN
et al.,, 2014). This dataset is openly available
for anyone for non-commercial research use.
However, in this dataset each variable (land use,
demography, environmental, accessibility to
markets technology) is strongly coupled to the
cells. In our architecture proposal, described
in Section 3, the cells are distinct entities that
have an universal identifier, which can be
linked from other data. In other words, each
cell is a spatial unit that can link results and
data from land change models. This paper is
organized as follows: Section 2 presents the
two major concepts — the open linked data and
cellular-space; Section 3 describes DBCells —the
architecture proposed; Section 4 summarizes the
main benefits and challenges to achieve the link
between the models in global scale.

This paper is based on Costa ef al. (2015)
previously presented at GEOINFO conference
(www.geoinfo.info)

2. THEORETICAL FOUNDATION

This section presents two major foundations
for our work: open linked data and cells. These
concepts are important for a better comprehension
of our architecture presented in Section 3.

2.1 Open linked data

First of all, it is necessary to distinguish
data, linked data and open data, as shown in
Figure 1. Data are the base of the pyramid, and
are defined as symbols that represent properties of
objects, events and their environment (ACKOFF,
1989). Open data are all those that can be freely
used, modified, and shared by anyone for any
purpose (The Open Definition, 2013). The linked
data refers to a set of best practices for publishing
and interlinking structured data on the Web
(HEATH & BIZER 2011).
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Fig.1 - From data to open linked data.

The movement of open data is inspired
by open source movement and consists of
three major concepts: openness, participation
and collaboration (CHIGNARD, 2013). These
concepts are present in the following three key
features: (a) Availability and access — data must
be available as a whole and in a way that does not
create complicated processes for the interested
party in copying it; (b) Reuse and Redistribution
— data must be provided under terms that permit
reuse and redistribution, including combining
this data with other datasets; (c¢) Universal
Participation — everyone must be able to use,
reuse and redistribute; there should be no
discrimination against fields of endeavour or
against persons or groups (DIETRICH et al.,
2009). The open data movement can bring
democratic gain, like better transparency of
public action, citizen participation and response
to the crisis of confidence towards politicians
and institutions (CHIGNARD, 2013; Janssen
et al., 2012). However, authors point out some
prerequisites: the availability on the web and
the machine readability. In other words, they
must follow the three laws proposed in Eaves
(2009), which are:

1. If the data cannot be spidered or indexed, it
does not exist;

2. Ifthe data is not available in open and machine
readable format, it cannot engage;

3. If a legal framework does not allow it to be
repurposed, it does not empower.

Being readable for the machines is also
one of the characteristics required for linked
data. However, in the linked data concept, it
is necessary to link and allow it to be linked
by other datasets, which is summarized in the
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following principles (BERNERS-LEE, 2006):
1. Use URIs as names for things;

2. Use HTTP URIs, so that people can look up
those names;

3. When someone looks up a URI, provide
useful information, using the standards (RDF,
SPARQL);

4. Include links to other URIs, so that they can
discover more things.

In Berners-Lee (2006), the author describes
the datasets in terms of five-stars.

Each rating represents a progressive transition
from data to Linked Data. Every data is available
on the web (at any format), but the ones with an
open license have 1 star. In addition to that, if the
data is available as machine-readable structured
data (e.g., Microsoft Excel instead of a scanned
image of a table) then it has 2 stars. To have 3 stars,
the data needs to be available at a non-proprietary
format (e.g., CSV instead of Excel). The next
star requires data to be available according to the
previous constraints, plus the use of open standards
from the W3C (RDF and SPARQL), in order to
identify things, so that people can link to it. Finally,
to have 5 stars, data needs to be available according
to all the above criteria, plus to provide context via
outgoing links to other people data. It is important
to emphasize that the opening is not a prerequisite
for linked data. For example, a private company
can link their data, but does not necessarily make to
make them open. Figure 2 shows the linking open
data cloud in 2014. The DBpedia (AUER et al.,
2007) and GeoNames (WICK & VATANT, 2012)
datasets are located in the center.

Open and linked data is an important
element to open science (MURRAY-RUST,
2013; KAUPPINEN & ESPINDOLA, 2011).
In (KAUPPINEN & ESPINDOLA, 2011),
the authors propose the Linked Open Science
aiming to be a standardized and generic
recipe for executable papers. This concept
was built on these four key elements: (a)
Linked Data, (b) OpenSource and Web-based
Environments, (¢) Cloud Computing and (d)
Creative Commons. An example of linked open
data is the Linked Brazilian Amazon Rainforest
Data (KAUPPINEN et al., 2014). This dataset
is openly available for anyone that will make
non-commercial research use of it. The data was
produced by the Institute for Geoinformatics,
University of Muenster, Germany and the
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National Institute for Space Research (INPE)
in Brazil. However, in this dataset, each
variable (land use, demography, environmental,
accessibility to markets technology) is strongly
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coupled to the cells. In our proposal, described
in the Section 3, the cells are distinct entities that
have a universal identifier, which can be linked
from other datasets.

Fig. 2 - Linking open data cloud. Source: (ANDREJS ABELE, JOHN P., PAUL BUITELAAR, 2017)

2.2 From geo-fields to cellular space

Our focus is on data from land change models.
In general, these models describe phenomena that
vary continuously in space and time, such as
deforestation in the Brazilian Amazon region. Their
input and output are represented as geo-fields.
Together with geo-objects, geo-fields are the two
fundamental spatial representations (KUHN, 2012,
CAMARA, 2005). Geo-objects describe entities
that have an identity as well as spatial, temporal,
and thematic properties (KUHN, 2012). However,
geo-fields have been shown to be more fundamental
than geo-objects and are capable of integrating both
representations (LIU et al., 2008, CAMARA et al,
2014; COSTA et al., 2007) As data structure, geo-
fields are discretized and used two ways (KUHN,
2012):
1. through a finite number of cells, within each
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one the attribute is assumed to remain constant;
2. through a finite set of sample points with
interpolation rules for positions among them.
In this paper, we are interested in the first
way, where the study area is partitioned forming
a regular grid of square, triangular, hexagonal, or
cubic cells as in raster based layers or a cellular
space. The raster model can be compared with a
bitmap image, which consists of a number of pixels
organized in rows and columns. Basically, in most
cases, raster data is indeed derived from satellite
images, which serve as a basis for observing
weather, vegetation or electromagnetic radiation.
A cellular space is an alternative model to represent
geo-fields. It is a spatial data type where each cell
handles one or more types of attribute (CAMARA
et al., 2008). In Camara et al. (2008), the authors
argue that cellular spaces were part of early GIS
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implementations, but now it is time to reconsider
this decision and reintroduce it as a basic data type;
they also argue that the usage of one-attribute raster
data in the storage of results for dynamical models
requires the storage of information in different
files. By the other hand, a cellular space stores all
attributes of a cell together, with significant benefits
for modeling, in contrast to the more cumbersome

single value raster approach. Together with the
concept of Generalized Proximity Matrix (GPM),
it is possible to represent hierarchical and network
relations (AGUIAR et al., 2003, MOREIRA et
al., 2008). In Moreira et al. (2008), the authors
use these concepts to represent hierarchical and
network spatial relations in multi-scale land change
models, as showed in Figure 3.

Cellular Space 1

s
711\ up-scaling

downscating Lo
A=

Cellular Space 2

children

Spatial Coupling Strategies:

Lower scale cells

Lpper scale cell

|

(a) Simple

(b) Choose

eOne (¢) KeepInBoth

Fig. 3 - Representation of strategies for spatial coupling in the case of regular cells. Source: Moreira

et al. (2008).

Cellular spaces have been used for
simulation of urban and environmental models
as part of cellular automata models (BATTY,
2000). In TerraLib (CAMARA et al., 2008) and
TerraME (CARNEIRO et al., 2013) the cellular
space is a native building block. These concepts
and tools have supported the development of
models published in the literature (AGUIAR et
al., 2007, MOREIRA et al., 2009, ESPINDOLA
et al., 2012, ANDRADE et al., 2009).

3. THE ARCHITECTURE

We propose a layered architecture (in five
layers), adapted from (HEATH & BIZER 2011),
as showed in Figure 4. The publication layer

User
layer

includes a dataset of cellular space and multi-
scale relationships. The web of data layer links the
cellular space to existing datasets, like Geonames,
DBPedia and SWEET Ontology. The data access
and storage layer integrate local and web data,
providing a transparent access and storage for
modeling tools. The model layer uses and shares
data provided by the lower layers. For example,
coarser scales run models of climate, and finer
scales run environmental and social models. The
user layer runs and reproduces the experiment of
a particular model. A user can publish the results
and the data of an experiment in the web of data,
allowing replication of experiments, an essential
characteristic of science.

o}

8 8

!
Model
layer Model A Model B Model C Model D
] 1 l |
Data access X
and storage Integration web and local data
layer
| HTTP
[ «—°
Web of data — H.\J
N .
T HTTP THTTP

Publication
layer

Fig. 4 - The DBCells Architecture Proposal.
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In the dataset of cellular space, each cell is
identified by a URI and described as a RDF graph,
see Figure 5. The RDF (Resource Description
Framework) is the data model, standardized by
W3C for representing Semantic Web resources.
It expresses information as graphs consisting of
triples with subject, property and object (KLYNE
& CARROLL, 2006).

These three graph elements are identifiable
through URI. In the dataset of cellular space,
each graph consists of minimal set of properties
to describe a cell, such as its position and
bounding box. These graphs can be stored in a
graph database, like the Neo4J', and serialized
as RDF/XML, see Code 1.

Our proposal is to describe both, the cells
and their relationships, through RDF graphs.
Graphs express different relations, including: (a)
topological relations; (b) network connectivity,
both physical (e.g., transportation infrastructure)

<dbcells:parent>

Costa S. S. et al.

and logical (e.g., trade fluxes); (c) vicinity in
cell spaces and grids; (d) coupling between
spatial scales (MOREIRA et al., gdifferent
datasets, allowing a model to select one or more
relationships. The Figure 6 shows an example
where the relationships describe a spatial
coupling between cellular spaces in different
resolutions. In this case, the nodes are cells and
the edges represent the hierarchical relations.
Similarly, these relationships can be stored in
the graph database and serialized as RDF / XML.

The DBCells architecture is under
development, and will require partnerships and
investments. This article is intended to present
and validate this proposal together with the
scientific community, as its success will depend
on the interest of this community. In the next
section we present some benefits and challenges
to complete this project.

= dbpedia.org/resource/Altamira

dbcells.org/cl015378

\ <wgs84_pos:lat>
— -7.78243205

I
|/<wg584_pos:lon> /—\
a

-56.50671662 )

<dbcells:resolution> ‘ >

v
=
o
=)
=
=

4
~

<dbcells:box> (

[ Dpbcells Dataset
[ DpbPedia Dataset

</rdf:lescziczione

Code 1. A specific cell graph serialized as a RDF/XML.

thttps://neodj.com/
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URI:http://dbcells.org/cl5682

4. BENEFITS AND CHALLENGES

The implementation of this proposal
brings several benefits and challenges. Similar
to DBPedia and GeoNames, the DBCells
may be a dataset that will link datasets from
different spatial models. Since each cell has a
universal identifier, the models can link their
data and results to it. This will allow sharing
data and results, and the reuse of datasets already
published, illustrated in Figure 7.

The open data is crucial for reproducibility
of data demanding experiments (MURRAY-
RUST, 2013, (KAUPPINEN & ESPINDOLA
2011, MOLLOY, 2011).

According to (MOLLOY, 2011):

”The more data is made openly available
in a useful manner, the greater the level of
transparency and reproducibility and hence the
more efficient the scientific process becomes, to
the benefit of society”.

The relationships between cellular spaces
allow the reuse of models at different scales and
resolutions. For example, a land use model at a
finer scale can use results of a climate model in

Land Use
Dataset
Climate
Dataset

DBCells

Behaviour
Dataset

Fig. 7 - Integration between datasets.
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GeoNames

DBPedia
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NV 7N 7 URIhttp:/idbcells.org/cl6239
Fig. 6 - Relationships between multi-scale cellular spaces as a graph.

a coarser scale, which is represented in Figure 8.
The proposed architecture will also contribute
to a better reproducibility and comparison of
the data demanding experiments. This benefit
is enhanced through open source environment
tools (KAUPPINEN and ESPINDOLA,
2011). This architecture presents also several
challenges, for example, the participation of the
scientific community. The benefits previously
mentioned will depend on the community
interest in making their data open and linked.
Furthermore, each modeling tool will need to
implement the data access and storage layer
to retrieve and store data on the web. Another
challenge is the conflict between vocabularies
from different models. Therefore, it will
be necessary to use the already established
vocabularies, whenever possible. At last, an
efficient and distributed computing will be
necessary for storage and retrieval of data
from a global cellular space at different scales.
For that reason, we will conduct the initial
experiments in areas of greatest interest by the
scientific community like Amazon rainforest.
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( Climate
\ Dataset

A

P

}—) URL:http://dbcells.org/cl015378

Land Use \\)

Dataset
\\

7 Social O\
\ Behaviour
\_ Dataset /

F—> URI:http://dbcells.org/cl04379

Fig. 8 - Reuse of model data and results between cellular spaces.

5. FINAL REMARKS

This paper introduced an innovative
architecture — DBCells — that integrates two
concepts: cellular spaces and linked data. The
pillar of integration is to treat each cell as a
unique and distinct entity that has a universal
identifier. To achieve this integration, we propose
four steps: 1) divide the space in regular cells, 2)
associate each cell to an identifier, 3) represent
each cell as an RDF graph available on the
web and 4) connect data and results models to
these identifiers. The main benefits of the new
approach are the reuse, sharing, comparison and
reproduction of land change models. The main
challenges are the participation and interest
of the scientific community, and an efficient
architecture to store and retrieve large volume of
data. Thus, the success of this proposal requires
partnerships and investments. Based on that,
by presenting our vision, we expect to raise an
engaging debate with the scientific community.

REFERENCES

ACKOFF, R. L. From data to wisdom. Journal
of Applied Systems Analysis, v. 16, n. 1, p.
3-9, 1989.

AGUIAR,A.P.D.; CAMARA, G.; MONTEIRO,
A. M. V,; SOUZA, R. C. M. Modelling spatial
relations by generalized proximity matrices.
V Brazilian Symposium in Geoinformatics
(Geolnfo 2003). Anais...Campos do Jordao:
2003. Disponivel em: http://www.geoinfo.info/
geoinfo2003/papers/geoinfo2003-11.pdf

AGUIAR, A. P. D.; CAMARA, G.; ESCADA,
M. I. S. Spatial statistical analysis of land-
use determinants in the Brazilian Amazonia:

910

Exploring intra-regional heterogeneity.
Ecological Modelling, v. 209, n. 24, p. 169-
188, 2007.

ANDRADE, P. R. de; MONTEIRO, A. M. V.;
CAMARA, G.; SANDRI, S. Games on cellular
spaces: How mobility affects equilibrium.
JASSS, v. 12, n. 1, p. 5, 2009.

ANDREJS ABELE, JOHN P. MCCRAE, PAUL
BUITELAAR, A. J. AND R. C. Linking Open
Data cloud diagram 2017. Disponivel em:
<http://lod-cloud.net/>.

AUER, S.; BIZER, C.; KOBILAROV, G.;
LEHMANN, J.; CYGANIAK, R.; IVES, Z.
DBpedia: A nucleus for a Web of open data.
Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics). Anais. p.
722-735, 2007.

BERNERS-LEE, T. Linked Data. International
Journal on Semantic Web and Information
Systems, v. 4, n. 2, p. 1, 2006.

CAMARA, G.; EGENHOFER, M. J.;
FERREIRA, K.; ANDRADE, P.; QUEIROZ, G.;
SANCHEZ, A.; JONES, J.; VINHAS, L. Fields
as a Generic Data Type for Big Spatial Data. In:
DUCKHAM M., PEBESMA E., STEWART
K., F. A. U. (Ed.). . Geographic Information
Science. GIScience 2014. Lecture Notes in
Computer Science. 8§728. ed. Cham: Spinger,
2014. v. 1p. 159-172.

CAMARA, G. Representagio computacional
de dados geograficos. In: CASANOVA, M.
A., CAMARA, G., DAVIS, C., VINHAS, L.,
& QUEIROZ, G. D. (Ed.). . Bancos de Dados

Revista Brasileira de Cartografia, Rio de Janeiro, N° 69/4, p. 903-912, Abr/2017



DBCELLS - An Open and Global Multi-Scale Linked Cells

Geograficos. 1. ed. Curitiba: Mundogeo, 2005.
p. 1-44.

CAMARA, G.; VINHAS, L.; FERREIRA,
K. R.; QUEIROZ, G. R.; SOUZA, R. C. M.;
MONTEIRO, A. M. V.; CARVALHO, M. T.
De; CASANOVA, M. A.; FREITAS, U. M.
TerraLib: An Open Source GIS Library for
Large-Scale Environmental and Socio-Economic
Applications. In: HALL G.B. (Ed.). . Open
Source Approaches in Spatial Data Handling.
Berlin, Heidelberg: Springer, 2008. p. 247-270.

CARNEIRO, T. G. de S.; ANDRADE, P. R.
de; CAMARA, G.; MONTEIRO, A. O. M.
V.; PEREIRA, R. R. An extensible toolbox
for modeling nature-society interactions.
Environmental Modelling and Software, v.

46, p. 104-117, 2013.

CHIGNARD, S. A brief history of Open
DataParisTech Review, 2013. Disponivel em:
<http://www.paristechreview.com/2013/03/29/
brief-history-open-data/>

COSTA, S. S.; CAMARA, G.; PALOMO, D.
TerraHS: Integration of Functional Programming
and Spatial Databases for GIS Application
Development. In: DAVIS C.A., M. A. M. V.
(Ed.). . Advances in Geoinformatics. Berlin,
Heidelberg: Springer, 2007. p. 127-149.

DIETRICH, D., GRAY, J., MCNAMARA, T.,
POIKOLA, A., POLLOCK, P., TAIT, J., AND
ZIJLSTRA, T. Open data handbook, 2009.
Disponivel em: <http://opendatahandbook.org/>

EAVES, D. The Three Laws of Open
Government Dataeaves.ca, 2009. Disponivel
em: <https://eaves.ca/2009/09/30/three-law-of-
open-government-data>

ESPINDOLA, G. M.; AGUIAR, A. P. D.;
PEBESMA, E.; CAMARA, G.; FONSECA, L.
Agricultural land use dynamics in the Brazilian
Amazon based on remote sensing and census
data. Applied Geography, v. 32, n. 2, p. 240—
252,2012.

HEATH, T.; BIZER, C. Linked Data: Evolving
the Web into a Global Data Space. Synthesis
Lectures on the Semantic Web: Theory and
Technology, v. 1, n. 1, p. 1-136, 2011.

JANSSEN, M.; CHARALABIDIS, Y.;
ZUIDERWIJK, A. Benefits, Adoption Barriers

and Myths of Open Data and Open Government.
Information Systems Management, v. 29, n. 4,
p. 258-268, 2012.

KAUPPINEN, T.; DE ESPINDOLA, G. M.;
JONES, J.; SANCHEZ, A.; GRALER, B.;
BARTOSCHEK, T. Linked Brazilian Amazon
Rainforest Data. Semantic Web, v. 5, n. 2, p.
151-155, 2014.

KAUPPINEN, T.; DE ESPINDOLA, G. M.
Linked open science-communicating, sharing
and evaluating data, methods and results for

executable papers. Procedia Computer Science,
v. 4, p. 726-731, 2011.

KLYNE, G.; CARROLL, J. J. Resource
Description Framework (RDF): Concepts and
Abstract Syntax. W3C Recommendation, v.
10, n. October, p. 1--20, 2004.

KUHN, W. Core concepts of spatial information
for transdisciplinary research. International
Journal of Geographical Information
Sciences, v. 26, p. 2267-2276, 2012.

LIU, Y. et al. Towards a General Field model
and its order in GIS. International Journal of
Geographical Information Science, v. 22, n. 6,
p. 623-643, 2008.

MOLLOY,J. C. The open knowledge foundation:
Open data means better science. PLoS Biology,
v.9,n. 12, p. 1-4, 2011.

MORAN, E.; OJIMA, D.; BUCHMANN, B.;
CANADELL, J.; COOMES, O.; GRAUMLICH,
L.;JACKSON,R.;JARAMILLO, V.; LAVOREL,
S.; LEADLEY, P. Global Land Project 2005
Science Plan and Implementation Strategy:
55. Stockholm. Disponivel em: <http://www.
igbp.net/download/18.1b8ae20512db692f
2a680006388/1376383126825/report_55-IGBP.
pdf>.

MOREIRA, E.; COSTA, S.; AGUIAR, A. P;
CAMARA, G.; CARNEIRO, T. Dynamical
coupling of multiscale land change models.
Landscape Ecology, v. 24, n. 9, p. 1183-1194,
2009.

MOREIRA, E. G.; AGUIAR, A. P.; COSTA,
S. S.; CAMARA, G. Spatial relations across
scales in land change models. Proceedings of

the Brazilian Symposium on Geolnformatics.
Anais. p. 95-108. Campos do Jordao: 2008.

Revista Brasileira de Cartografia, Rio de Janeiro, N° 69/4, p. 903-912, Abr/2017 911



Costa S. S. et al.

MURRAY-RUST, P. Open data in science. OPEN KNOWLEDGE FOUNDATION. The
Serials Review, v. 34, n. 1, p. 5264, 2008. Open DefinitionNovember, 2009. Disponivel

QUOCA, H.N. M., HAUSWIRTHA, M., & LE em: <http://opendefinition.org/>

PHUOCA, D. Semantic Web Journal. Global WICK, M.; VATANT, B. The geonames
weather sensor dataset. 2014. Disponivel em: < geographical databaseAvailable from World
http://www.semantic-web-journal.net/system/ Wide Web: http://geonames. org, 2012.
files/swj877.pdf>

912 Revista Brasileira de Cartografia, Rio de Janeiro, N° 69/4, p. 903-912, Abr/2017



