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Abstract. Semantic Web applications that include map visualization
clients are becoming common. When the description of an entity contains
coordinate pairs, semantic applications often lay them as pins on maps
provided by Web mapping service applications, such as Google Maps.
Nowadays, semantic applications cannot guarantee that those maps pro-
vide spatial information related to the entities pinned to them. To address
this issue, this paper proposes a refinement of Linked Data practices,
named Geo Linked Data, which defines a lightweight semantic infras-
tructure to relate URIs that identify real world entities with geospatial
Web resources, such as maps.

1 Introduction

Location pins on maps are a powerful way to convey spatial information, but
they are just presentation tools in Semantic Web applications. Today, we can
dereference a URI, such as http://dbpedia.org/resource/Lisbon, to obtain
machine-processable data about the city of Lisbon, and use a location pin to
show the user where Lisbon is. However, the use of such maps in Semantic Web
applications can produce undesired situations, such as representing data about
Lisbon over a map provided by Google Maps that shows the exception message:
“We are sorry, but we don’t have imagery at this zoom level for this region”. We
believe that the juxtaposition of data and maps in Semantic Web applications
should not be justified by the location. The juxtaposition of data and maps could
only be justified when the location and the semantics are compatible.

The research question behind this issue is how to relate semantic and geospa-
tial depictions of a real world entity in the Semantic Web. In other words, we are
looking for a feasible approach for using maps as data in Semantic Web appli-
cations. This paper proposes a solution that intertwines formal and geospatial
depictions based on the Linked Data principles. Linked Data is an initiative for
interconnecting data on the Web using the Semantic Web standards, so that
users and machines can explore data on the Web. Linked Data [I5] promotes (1)
the use of HTTP URISs for identifying concepts and real world entities, and (2)
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a sound use of the HTTP protocol to assert that a given entity identified by a
URI has a Web resource as description.

The proposed solution refines Linked Data practices to use descriptions avail-
able as geospatial Web resources, such as a map from a Web mapping service.
Web mapping services are part of the Geospatial Web or Geoweb [16], a set
of specifications and applications which adopts the Internet and Web services
to publish, access and transform geospatial content related to real world en-
tities. Our contribution involves (1) the characterization of geospatial prozies,
that is, geospatial Web resources that could complement Semantic Web descrip-
tions about entities in some scenarios, (2) the identification of the roles of these
proxies in semantic applications, (3) the recipe for extending Linked Data with
geospatial proxies, and (4) the advertisement of presence, role and location of
geospatial proxies using RDF graphs. We use the term Geo Linked Data, as it
specializes the practice followed by the Linked Data community.

This paper is organized as follows: Section [2] describes related work, Section [3]
details Geo Linked Data concepts, Section M illustrates the role of Geo Linked
Data in a scenario, and, finally, we present conclusions and future work.

2 Related Work

Tabulator [3] and DBPedia Mobile [2] represent the mainstream approach for
the visualization of geographic properties in Semantic Web applications: the ex-
traction of geographic points from a description in RDF, and then, its conversion
into a marker added to a map viewer client that shows the location of the en-
tity. That is, the geospatial meaning of an entity as complex as Lisbon is often
(1) simplified to (x,y) pairs, and then (2) overlaid on a geospatial description
generated in a remote Geoweb server.

The Geoweb emerged in 2000 with the service specification Web Map Server
1.0 [5] published by Open Geospatial Consortium (OGC). OGC has also pub-
lished service specifications for data access and catalogues [12], and geographic
markup languages, such as GML [I3]. Nevertheless, the release in 2005 of Google
Maps, which enabled an easy integration of maps to existing Web applications,
made the Geoweb part of the mainstream Web.

The Geoweb is perceived from the Semantic Web community as a provider
of datasets rich in geographic descriptions that need to be extracted from their
silos. This is the approach of the publication as RDF of OpenStreetMap [1].
On the other side, the Semantic Web is perceived from the Geoweb community
as the provider of formal infrastructure (i.e. Semantic Web standards, such as
OWL). The application of Semantic Web technologies includes from enabling
meaningful geospatial information retrieval using geospatial ontologies [6] to the
development of profiles of Geoweb services with RDF and OWL support [7]. With
Geo Linked Data, we propose an alternative approach: the use of Semantic Web
best practices to publish Geoweb resources alongside their metadata in RDF.
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3 Geo Linked Data

In the Linked Data approach, when a URI acts as identifier for an entity, which
may exist outside the Web, the URI can be dereferenced to a Web resource that
provides useful information about the entity [I5]. The user agent works under
the following assumption: when the URI gives access to a Web resource with a
different URI at a given time, the Web resource could be interpreted as a prozy
for an entity, at least in that given time. The concept prozy for is part of the
identity of resources and entities on the Web (IRE) model proposed by Presutti
and Gangemi [I4], a framework for reasoning when a Web URI can be associated
to an entity. The prozy for association between a Web resource (e.g. a semantic
description) and an entity (e.g. Lisbon) means that the representation of the
Web resource (e.g. a RDF document) materializes information (e.g. a pair of
geographic coordinates) about the entity.

The IRE model classifies the prozy for relations as exact or approximate, and
as formal or informal. An exact prozy for relation means that the Web resource
only describes one entity, and otherwise it is approximate. Nevertheless, an exact
prory may contain references to related entities. For example, satellite images
about Portugal may contain parts of the Atlantic Ocean and Spain. However,
satellite images are meant to be exact proxies for Portugal. A formal proxy for
relation means that the Web resource is represented in a formal language. If not,
it is an informal proxy for relation.

The prozy for concept is independent of the technology and the information
about the entity. Hence, the definition of proxy for is applicable when the Web
resource is a Geoweb resource conveying spatial characteristics of other entities.
We designate as a geospatial proxy any Web resource conveying spatial infor-
mation about other entities using Geoweb standards (e.g. a GML document de-
scribing the location of Lisbon, a satellite image in JPEG describing the Earth).
A geospatial proxy is an exact geospatial proxy if it only describes one entity.

Linked Data principles require that the information must be available in RDF
and, for humans, should be available in HTML. We can characterize RDF and
HTML representations as having exact formal prozxy for and exact informal prozxy
for relations with an entity, respectively. For humans, an ezact geospatial prozxy
and a HTML representation describing the same entity could contain equivalent
spatial information. From a machine-processable point of view, an ezact geospa-
tial proxy could be considered as an alternative representation of the spatial
information of an RDF representation when it is possible to map the content
of the geospatial proxy to a formal model. The mapping is possible because the
information in Geoweb representations is specified by standardized data mod-
els [9], and we can find in the literature mappings to formal models, such as the
proposed in the Geospatial Semantic Web Interoperability Experiment [10]. We
can conclude that exact geospatial proxies conform to Linked Data rules. That
is, when a semantic application requires spatial information, they could be an
alternative for HTML and RDF representations.
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Fig. 1. Different examples of maps that may act as geospatial proxy for the official
boundary of Lisbon, capital of Portugal: close is a sketch of the boundary, related shows
the area where the boundary of Lisbon is, broad shows the boundary of Portugal, and
narrow shows the Praca do Comércio (Commerce Square), a landmark of Lisbon.

3.1 Roles of a Geoweb Description

We identify four roles that could be useful to understand how to use Geoweb
descriptions in Semantic Web applications (Figure [II):

close A close proxy is a proxy that some information systems can use as source
for an alternative identifier of the entity. For example, a marker that identifies
an entity in a map provided by a GML document is a close proxy.

related A related prozy provides an indirect description of the resource through
the spatial characteristics of the proxy. For example, a satellite image of an
area is a related prozy of the entities of the area.

broad A broad proxy is a kind of related proxy that realizes essential charac-
teristics of an entity that is a parent of the described entity. For example, a
large regional map is a broad geospatial proxy for capital cities.

narrow A narrow prozy is similar to a broad proxy but realizes essential char-
acteristics of an entity part of the described entity. An example is a map
that shows a landmark of a city when the described entity is the city.

3.2 Geo Linked Data Recipe

We can summarize the Geo Linked Data recipe as follows (see Figure and
Figure [2a)):

1. Entity URIs are dereferenced following the Linked Data principles (see Bizer
et al. [4]).

2. If such a URI is dereferenced accepting a Geoweb MIME-type (e.g. appli-
cation/vnd.oge.gml), the server must return a geospatial description of the
entity that matches the MIME-type (e.g. GML) when available.

3. RDF descriptions may contain properties that advertise the presence and
role of Geoweb descriptions; clients can use these clues to discover their
MIME-type and the best use of these representations.

4. RDF descriptions may contain RDF links to navigate to geospatial descrip-
tions provided by Geoweb services.
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(a) Simple setup with a Geoweb data access service which serves geospatial
resources in GML.
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(b) The content negotiation model of Linked Data is
extended with support to Geoweb MIME-types.

Fig. 2. Schematic representation of the relations in a simple setup. With a URI that
identifies a real world resource (e.g. Lisbon), the user client can access a RDF or HTML
representation through the Geo Linked Data Server in the same server, or a geospatial
representation (GML) in a Geoweb service.

3.3 Making Proxies Visible

We can use RDF to advertise the presence, the role and the location of a geospa-
tial proxy. We can relate a URI to a geospatial proxy adding the following
statement to the RDF description of the entity:

<entity URI> p <MIME-type> .

The semantics of the property p should entail that there is a dereferenceable
geospatial proxy for the entity identified by the URIL. The property p could also
describe the role of the proxy. Figure Bal shows how this assertion should be
interpreted. The URI can be dereferenced again, but this time requesting the
MIME-type asserted in the statement, to retrieve the geospatial representation.
The server that owns the URI is responsible for redirecting the user to the
effective location of the geospatial proxy. This way of advertising presence is
limited to only one proxy for each content type. If the server cannot be properly
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(b) The document asserts explicit location and role of the proxy.

Fig. 3. Advertisement of geospatial proxies in RDF documents.

configured, or the entity has several geospatial proxies with the same MIME-
type, we could make an explicit advertisement of the location of each geospatial
proxy. The advertisement requires the assertion of statements like:

<entity URI> q <Geoweb document URI> .

The semantics of the property q should assert that the Geoweb resource is a
geospatial proxy, and, additionally, describe its role (see Figure Bh).

4 A Geo Linked Data Scenario

Geo-Net-PT 02 [11] is an authoritative RDF dataset about named places of
Portugal available in the XLDB Node of Linguatec. Geo-Net-PT 02 defines
701,209 instances, most of them named places. Postal codes, streets and settle-
ments are the most common types. Geo-Net-PT 02 has 21 different sources. The
Instituto Geogrdfico Portugués provides the Official Administrative Boundaries
Map (CAOP) of Portugal. The CAOP dataset is available through a Geoweb
data access service application [8], which makes accessible up-to-date GML doc-
uments that are exact geospatial prozies of the footprints of the administrative
units. Figure M describes an example of the advertisement of presence, role and
location of geospatial proxies in the Geo-Net-PT 02 dataset. The exact link is
possible for administrative units. Each administrative unit in Portugal has a
unique official identifier as attribute, which exists in the CAOP server and in
Geo-Net-PT 02. The setup of the Geo Linked Data endpoint follows the recipe

! http://x1db.di.fc.ul.pt/wiki/Geo-Net-PT_02
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:LisboaFootprint
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content
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Content-Location: | RUF p—— — — — Content-Location:
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gn:hasExactGeoProxyAt
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Fig. 4. Use case scenario: geospatial proxies for Geo-Net-PT 02; the prefix gn: identifies
the terms added to the vocabulary for advertising Geo Linked Data.

presented in Subsection It allows clients to dereference a Geo-Net-PT 02
URI, such as :LisboaFootprint, and discover that a representation in GML is
also available. Then, the client can dereference again but asking for the MIME-
type of GML, and then, for example, display the result on a map.

5 Conclusions

This paper introduced Geo Linked Data, an approach for incorporating refer-
ences to Geoweb data and services in the Semantic Web. The references, named
geospatial proxies, were characterized, and the example based on Geo-Net-PT 02
showed how to use this approach in a real scenario. Geo Linked Data requires
the update of RDF datasets with assertions of presence of spatial descriptions,
which may include information about their role and location. The roles ease
the use of Geo Linked Data by Semantic Web applications. The locations al-
low users to navigate between Linked Data and Geoweb datasets. Future work
will include the formalization of the categorization of geospatial proxies, and the
automatic generation and classification of bindings between RDF datasets and
Geoweb resources.
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