
An Agenda for the Next Generation Gazetteer:
Geographic Information Contribution and Retrieval

Carsten Keßler
Institute for Geoinformatics

University of Münster
Münster, Germany

c.kessler@uni-muenster.de

Krzysztof Janowicz
Institute for Geoinformatics

University of Münster
Münster, Germany

janowicz@uni-muenster.de

Mohamed Bishr
Institute for Geoinformatics

University of Münster
Münster, Germany

m.bishr@uni-muenster.de

ABSTRACT
Gazetteers are key components of georeferenced information
systems, including applications such as Web-based mapping
services. Existing gazetteers lack the capabilities to fully
integrate user-contributed and vernacular geographic infor-
mation, as well as to support complex queries. To address
these issues, a next generation gazetteer should leverage for-
mal semantics, harvesting of implicit geographic information
– such as geotagged photos – as well as models of trust for
contributors. In this paper, we discuss these requirements
in detail. We elucidate how existing standards can be in-
tegrated to realize a gazetteer infrastructure allowing for
bottom-up contribution as well as information exchange be-
tween different gazetteers. We show how to ensure the qual-
ity of user-contributed information and demonstrate how to
improve querying and navigation using semantics-based in-
formation retrieval.

Categories and Subject Descriptors
H.2.8 [Database Applications]: Spatial databases and
GIS; H.3.3 [Information Search and Retrieval]: Re-
trieval models; H.5.3 [Group and Organization Inter-
faces]: Web-based interaction

General Terms
Gazetteer, Semantics, Trust, Volunteered Geographic Infor-
mation

1. INTRODUCTION AND MOTIVATION
Digital gazetteers are directories containing triples of place
names (N), geographic footprints (F), and feature types (T)
for named geographic places [26]. In general, they offer at
least two functions, one which maps from place names to
footprints (N → F ) and one from place names to feature
types (N → T ). The feature types are mostly organized in
semi-formal thesauri with natural language descriptions. In
the context of gazetteers, a clear distinction is made between
place as a social construct based on perceivable character-
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istics or convention [11], and the actual real-world feature
it refers to [21]. The Open Geospatial Consortium (OGC)
views gazetteers as special profiles1 of Web Feature Ser-
vices (WFS) [45]. According to this definition, gazetteers
are more than just yellow pages for places, they are the
subset of web feature services that deal with named places.
Gazetteers are a fundamental building block for applications
such as web-based mapping services, spatial search engines,
and geoparsers. Working under the hood of these appli-
cations, they enable queries such as rivers in Washington.
While most existing gazetteers are able to respond to such
comparably simple queries, we argue that they bear poten-
tial for improvement in a number of ways. For instance, they
cannot respond to complex queries spanning across differ-
ent gazetteers and typing schemas. Additionally, they lack
the functionality to handle evolving data of differing quality,
e.g., user generated content. In this case, the focus shifts to
vernacular names as well as dynamic and small-scale feature
types such as pubs.

To solve these challenges, a next generation gazetteer has to
support the following functionality:

• Harvesting and integration. While most gazetteers
are maintained by single authorities, the next genera-
tion of gazetteers should also incorporate local, small-
scale features and feature types maintained by the
community. This requires a distributed approach for
gazetteer infrastructures. Moreover, novel harvesting
and extraction strategies are required to derive infor-
mation about places from implicit and explicit volun-
teered geographic information and integrate it based
on shared typing schemas.

• Assessing fitness for purpose. Gazetteers are used
for different purposes. While some applications require
stable, high-quality content provided by legal authori-
ties, emerging (e.g., mobile) services require timely and
user-centric information. Consequently, the intended
application directly influences which data fits its pur-
pose. This problem is especially apparent for user gen-
erated content, where the contributors, accuracy, and
lineage differ frequently across data sets. Recent re-
search indicates that trust rankings can be employed
as proxies for the fitness for purpose.

1The specification of the WFS gazetteer profile is an ongo-
ing task, see http://www.opengeospatial.org/projects/
groups/wfsgaz1.0swg.
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• Retrieval, querying, and navigation. The fea-
ture type lists or semi-formal feature type thesauri
employed in most gazetteers hamper discovery, nav-
igation, and complex queries since they do not sup-
port logical inference (e.g., satisfiability checking, sub-
sumption and similarity reasoning) but consist of am-
biguous plain text descriptions. Moreover, the chosen
type hierarchy and related-to relations are static and
not always intuitive. Switching to feature type on-
tologies would make it possible to introduce arbitrary
relations, uncover implicit relations (such as similari-
ties between types), ensure consistency, and support
complex queries as well as a more intuitive navigation
between feature types.

In this paper, we discuss the recent challenges in gazetteer
research, review existing approaches, and point out the miss-
ing pieces required for a next generation gazetteer infrastruc-
ture (NGGI). We focus on a distributed approach for the
integration of volunteered geographic information as well as
semantics-based retrieval and navigation. Section 2 deals
with the question of how to harvest and integrate explicit
and implicit user-generated geographic information from the
web. Section 3 elaborates on the role of trust in this process,
followed by an analysis of the requirements for and benefits
of formal semantics for gazetteers in Section 4. We conclude
the paper with directions for future research.

2. INCORPORATION OF VGI
The amount of volunteered geographic information avail-
able on the social web has been soaring since the advent
of geotagging, mash-ups and Google Earth. Compared to
other projects building on user contributed content, such as
Wikipedia, volunteered geographic information (VGI) [5, 20]
is not yet widely accepted as a valuable information source.
VGI often contains knowledge about vernacular places and
their names [49]. In many cases, such information is pro-
duced by locals who can provide timely updates. The Open
Street Map project2 is an impressive showcase of the po-
tential of VGI which outdoes commercial mapping sites in
terms of update frequency and thematic scope (e.g., bike
paths or hiking routes) in many regions. Other sources for
partially high-quality VGI are GeoRSS feeds, KML or GML
files, and archives such as Microsoft’s Bing maps collections
and the Google Earth community. The underestimation in
usefulness of VGI becomes more evident when the notion
of VGI is extended to information that contains geospatial
information as an add-on, such as geotagged photos.

Existing gazetteers such as the Alexandria Digital Library
(ADL) gazetteer [27] or GeoNames3 have built their own col-
lection of place names, spatial references, and typing schemas,
which were either created from scratch or inherited from gov-
ernment agencies. Building and maintaining such a sizable
collection can be tedious, especially if any suggested updates
have to be verified and completed manually. To overcome
this problem, we suggest a semi-automatic approach to in-
clude VGI in gazetteers. Including such information does
not only help to keep the gazetteer up to date, it also ex-
tends it with vernacular names that are not officially used.

2http://www.openstreetmap.org/
3http://www.geonames.org/

A next generation gazetteer should leverage volunteered ge-
ographic information as an additional information source to
improve the completeness and update frequencies; the chal-
lenge in doing this is to (1) find robust mechanisms to har-
vest VGI that filter out the inherent noise in such informa-
tion created on the social web, and (2) to align the extracted
geographic information to existing gazetteers.

2.1 Harvesting Implicit Geographic
Information

A number of approaches have been developed in different
research fields towards the capturing and representation of
named places. In [43], bottom-up geographic information
was collected from participants who were asked to outline
the area they considered downtown Santa Barbara on a pa-
per map. Although it was not possible to derive a crisp
border from the participants’ sketches, there was still a solid
agreement on the core downtown area. A linguistic approach
is introduced in [37], using documents harvested via Web
search. It is based on co-occurrence of place names and pro-
duced comparable results to those of the previously men-
tioned method using paper maps. The opportunity to use
large document bodies from the Web allows for more rapid
analyses on a broader basis. A similar approach is presented
in [25] to enable querying and mapping of non-spatial terms
(e.g., jobs in Seattle). Likewise, the notion of geographic se-
mantic relatedness [24] allows for mapping non-spatial terms
to related places based on Wikipedia entries. In [44], a novel
method is introduced for the integration of remote sensing
imagery into gazetteers to automate geographic data man-
agement. In another linguistics-based approach presented in
[50], a bootstrapping algorithm is applied to automatically
classify places into predefined categories (e.g., city, moun-
tain). Although the machine learning techniques employed
in this research were provided with only 100 examples per
category, they still yielded a high precision of about 85%.

While these approaches are all based on place names in texts,
implicit VGI may also be hidden in content such as geo-
tagged photos or blog posts. Since such content already pro-
vides coordinate pairs in combination with keywords, their
positions and assigned tags can be analyzed with different
approaches such as Delaunay triangulations and Voronoi di-
agrams, alpha shapes [15] or egg and yolk representations
[12, 51]. As such, a plethora of methods has already been
developed for harvesting implicit and explicit geographic in-
formation from the web. Some of them are already used
in practice, such as for Yahoo!’s collection of shape files4

extracted from the large number of geotagged photos (over
100 million at the time of writing of this paper) uploaded to
their Flickr community.

These purely geometrical approaches produce useful results
for areal features such as cities. However, they cannot be
applied stand alone for the extraction of place names for
gazetteers. To extract full gazetteer entries, place names,
types and geographic footprints are needed. Both place
names and eventually types can be found in the resources’
tags, which are a potential source for a folksonomy [46]. Ex-
traction algorithms cannot distinguish between tags which
are place names and other tags (e.g., party, Canon). Place

4http://code.flickr.com/blog/tag/shapefiles/
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names can only be identified by analyzing the spatiotempo-
ral distribution of the tags5: A tag referring to a long-term
place name forms a spatial cluster (or multiple clusters for
different places going under the same name), but it does not
cluster temporally. While the spatial clustering ensures that
non-spatial terms are filtered, the equal temporal distribu-
tion filters out short term (and potentially recurring) tags
for events and other dynamic places. The temporal dimen-
sion hence plays a crucial role for the place name extraction
process. Gruber [22] suggests to model a tag as a relation
between a place name N , a unique identifier pointing to the
annotated resource R, the author U and the creation date
(and time) D. This definition needs to be extended by the
location coordinates L to match it our notion of a geotagged
resource as required for our extraction approach. On the so-
cial dimension, it must be assured that a place name is used
across the community: if a tag fulfills the spatiotemporal
requirements, but it is only used by a marginal number of
people for the resources in a spatial cluster, it should not
be considered a candidate place name. Any approach work-
ing on the tags can be improved by standard preprocessing
methods such as porter stemming and filtering of stop words.

A predefined typing scheme (see Section 4) is indispensable
for identification of place types in the tags, since no spatio-
temporal clustering behavior can be defined for them. Ac-
cordingly, bottom-up generation of the type hierarchy and
definitions is clearly not feasible at this point. It is, how-
ever, possible to define required topological relations for the
different feature types: an island has to be inside water, a
train station has to be next to a railway line, etc. The set of
allowed relations may also contain legal restrictions – in the
US, coffee bars (and other private businesses) cannot be on
state-owned land such as in public parks, for example. The
specification of such relations would help to solve the prob-
lem that the geometric approaches are generally “blind” for
wrong tags, which occur frequently when users tag a photo
with the place shown in the picture, but it does not coincide
with the place where the picture was taken (see Figure 1).
Moreover, users often tag all pictures in an album with a
place name (e.g., Seattle), even if some of them have been
taken on the way to – and not in – Seattle, for example.
Finally, on a very small scale, erroneous GPS positions can
hamper the extraction of features. Enforcing rules for al-
lowed topological relations is a promising approach towards
filtering out geotagged resources that violate these rules.

2.2 Handling and Aligning VGI
Aligning volunteered geographic information to an existing
gazetteer is straightforward if a piece of VGI commits to the
same feature type definitions as the gazetteer (or gazetteer
infrastructure, see Section 4.1). New strategies are required,
though, to check the validity of user-generated entries over
time. VGI shows its strengths in dynamic situations, e.g.,
in case of wild fires. In such cases, people depend on timely
updates to protect themselves and their property. Official
agencies producing geographic information are often unable
to cope with these requirements, so that people have turned
to maps generated by the community to inform themselves
about the current situation.

5Given that no existing place name directories are used dur-
ing the extraction.

Figure 1: The pink dots show the locations of
photos tagged with Manhattan. Some have been
taken on the Queens side of East River and are
thus tagged wrong with respect for the given task.
Screenshot from http://www.flickr.com/photos/tags/

manhattan/map?&fLat=40.7044&fLon=-73.973&zl=4.

Integration of such information into gazetteers hence re-
quires a versioning mechanism that enables the annotation
of entries with time spans for which they were (or still are)
valid. In fact, a mechanism would be required to capture the
continuous change of places’ footprints over time; recent re-
search investigates whether this would require places to be
modeled as perdurants [31]. In Section 3, we discuss how
the temporal dimension causes trust in information to de-
cay over time. Extraction of the dates for which short-term
places are valid is straightforward, using creation (e.g., in
a photo’s Exif data) and publication dates. Table 1 shows
the corresponding extended gazetteer entries. Storing tem-
poral information, such as in the Getty Thesaurus of Geo-
graphic Names, turns gazetteers into a valuable resource for
research on historic places [30]. Moreover, short-term places
like wildfires or demonstrations can be added to complement
the static information present in gazetteers today with in-
formation about places of a more dynamic nature. Their
identification also follows the clustering approach outlined
in the previous section, except that short-term places (or
events) cluster both spatially and temporally.

Table 1: Extended gazetteer entries. The footprints
contain the GML code for polygons occupied by the
features.

Name Type Footprint Valid

Constantinople capital <gml> 306-01-01—
1453-05-29

Montecito wildfire <gml> 2008-11-13—
Tea Fire 2008-11-18
Münster city <gml> 793-01-01—

now
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Figure 2 shows a generic overview of the extraction process
of bottom-up gazetteer entries from geotagged resources on
the web. So far, we have followed the näıve assumption
that every geotagged resource on the web is equally useful
for this extraction process. However, as any other kind of
geographic information, VGI can vary significantly with re-
spect to its quality. While professional GI usually comes (or
at least should come) with metadata on accuracy, lineage,
etc., such information is hardly provided for geotagged re-
sources on the web. In the following, we discuss how trust
can be employed as a proxy for information quality.

Figure 2: Augmenting gazetteers with VGI starts
with crawling geotagged resources from the web (1).
The tags are filtered based on occurrences to re-
trieve toponyms (2). For each place name, region
and centroid are calculated based on the coordinates
attached to the corresponding resources (3). The
check for temporal clusters (4) allows for a distinc-
tion between long-term and short-term places. To
complete the gazetteer entries, every place name is
categorized using a predefined typing scheme (5).

3. A MATTER OF TRUST
Trust is a widely studied phenomenon. From computer sci-
ence, sociology, social psychology to economics, and many
other fields trust has been a central concept [1, 48, 42, 9].
When discussing the issue of trust in gazetteers we can dis-
tinguish between two main problems, which entail different
types of trust:

• Trust for distributed gazetteers. In distributed
systems like the internet, the communication pattern
involves several entities which did not interact with
each other previously. As such, a trust model is re-
quired to ensure that otherwise unknown entities can
safely interact together and to exclude non-benign en-
tities from such interaction. Trust here refers to secu-
rity, authentication, authorization and such notions as
often discussed in distributed computer literature (e.g.,

[1, 8]). A distributed gazetteer infrastructure would
need similar models to those employed in distributed
computing to ensure that the system cannot be ma-
liciously manipulated, accessed or undermined. Such
models are not in scope for this paper, however, further
research is required to select a proper distributed trust
model for a next generation gazetteer infrastructure.

• Trust for VGI in gazetteers. In this paper we
have a closer look at the problem of trusting VGI. In
a gazetteer where user contributions are to be taken
as a data source to enrich the gazetteer, the problem
of information quality is pressing. Contributors are
not equally experienced about the places they report
information about, neither are they experienced in a
given feature type schema of a certain gazetteer. The
veracity of the information they provide needs to be
verified before this information can be deemed trust-
worthy for inclusion into a gazetteer and consequently
being served to potential users.

In the next section we look into the problem of VGI ve-
racity and discuss trust as means to cope with the lack of
traditional quality criteria in VGI.

3.1 Trusting VGI in Gazetteers
Web 2.0 unleashed the potential of crowd sourcing of in-
formation. Users were given the tools to contribute their
knowledge to public information repositories that expanded
exponentially, and the amount of knowledge collected posed
challenges for information quality. Given the large flow of
information from user contributions, filtering through this
information to extract useful information entities while dis-
carding fraudulent or less credible information becomes a
central issue. In [5] the authors address the specific prob-
lem of the quality of the potentially enormous volume of
geospatial information on the social web. Such phenomenon
of user contribution was termed collaboratively contributed
geospatial information (later, the term VGI was coined in
[20] to describe the same phenomenon). The concern was
the emergence of large scale mapping applications where lo-
cal knowledge about places was being collected by users and
contributed to these applications without any guarantees to
its veracity. VGI quality was clearly a main concern hamper-
ing adoption of VGI in scientific or commercial applications.
In user contribution-based applications the traditional qual-
ity criteria (i.e., accuracy, completeness, consistency and lin-
eage) are generally missing. Novel ways would need to be
developed to assess the quality of VGI, one that utilizes the
existing information and that requires minimal additional
information to be provided by the VGI contributors.

In [5] the authors proposed to use trust and reputation as a
proxy for VGI quality. Such vision is based on the premise
that trusted users tend to provide more useful information
compared to less trusted users (see e.g., [18]). As such, we
say if a trust-rated GI entity is useful and relevant to a
large group of users, it can be said that it is of acceptable
quality in a more objective sense. Thus, by determining
trust values for VGI entities, we can assert some level of
satisfaction about their inherent quality. Note that quality
refers to information quality (as opposed to data quality)
which is more concerned with fitness for purpose [10].



To be able to discuss the matter of trust in this context, one
would have to define trust. The problem here is the plethora
of different definitions of trust, probably due to the fact that
there are many types of trust [17]. The definition we adopt
here is that trust is a bet about the future contingent actions
of others [48]. That is to say that when users provide VGI
at the present moment that is proven to be of good quality,
then we can safely assume that future contributions from
the same user will be of similar quality. A question of course
arises as to whether the VGI provided has to be about the
same area or in the vicinity of the previous VGI, since it
is evident that the quality of people’s VGI contributions
will differ with their level of expertise about the nature of
the information as well as their proximity from the location
they are reporting from (see e.g., [6, 4]). Additionally, the
temporal nature of VGI implies that the usefulness of some
information types will decay over time. Thus, a trust model
for VGI has to be spatially and temporally sensitive [5].

3.2 VGI Trust Models for Gazetteers
Wikipedia shows that as the prominence of a certain user
contribution environment increases, the more it becomes
subject to malicious behavior6, and gazetteers will be no
exception. In our view the aim of trust models for VGI
in gazetteers is to filter through the large flow of infor-
mation coming from the contributors of information to the
gazetteers. We need to be able to scan the enormous amount
of user contributions and extract potentially useful informa-
tion (i.e., trusted information) while discarding incorrect,
inaccurate and fraudulent information. However, little work
has been done to address the problem of trust in VGI. In
[6, 4, 5] the authors discuss the problem of trust in VGI and
introduce models that are spatially sensitive to accommo-
date the specific needs of VGI. In [16] the authors discuss
theoretical foundations of information credibility as a basis
for discussing credibility of VGI.

Based on our vision of next generation gazetteers, we intro-
duce a set of requirements regarding the VGI trust models
that need to be embedded within the gazetteers infrastruc-
ture. The idea of such trust models centers around what
we call Crowd Sourcing the Filter (CSF)7. The idea is to
allow the users to assert the fitness for purpose for the VGI
they are using from the gazetteers, expressed as trust ratings
on both the content and contributors. In the background,
spatio-temporally sensitive trust models will compute over-
all trust values for information entities within the gazetteer
and help users find trusted VGI while warning them against
fraudulent, malicious, or incorrect information. The set of
basic requirements are listed below:

• Minimal user effort. A trust model for VGI in
gazetteers should not increase the entry barrier to users
of the system. Web 2.0 approaches require ease of
use in order to encourage user contributions. The
trust model must depend on minimal metadata re-

6This example shows a prominent Wikipedia fraud case.
This (and other) incidents prompted Wikipedia adminis-
tration to research potential trust models to secure the fu-
ture of Wikipedia: http://www.nytimes.com/2007/03/05/
technology/05wikipedia.html?_r=1&ref=business.
7See e.g., Ushahidi project http://www.ushahidi.com/.

quirements concerning the users and their contribu-
tions without requiring elaborate metadata collection.

• Intuitive trust information capturing. Gazetteer
information consumers must be able to easily assert
their level of trust in the information they have al-
ready used. The user feedback system employed in
the gazetteer should make it easy for users to rate the
information they have used on clearly defined scales.
In [4] an intuitive 0-10 scale was introduced, and is
grounded in theoretical work on quantifying trust [17].
The trust ratings provided are then used by models
as discussed earlier to compute overall trust values for
specific information entities.

• User reputations integration. The trust models
should integrate computational modules of user rep-
utations. Reputation here is defined as the collective
opinion of the system users about the competence of
a specific user in providing quality VGI. Currently the
third author is developing a model that allows user
reputations to develop slowly with each successful con-
tribution they make, while their reputations is tar-
nished more rapidly if mistakes are committed. Such
approach resembles our everyday experience with peo-
ple’s reputation. Reputation takes time and effort to
build on part of the individual, but is easily tarnished
if abused.

• Trust model transparency. To increase the overall
trust in the system by the users, the model has to be
transparent to the users. By this we mean that users
should be able to tell how the model ratings of infor-
mation are generated and maintained, which enhances
perceptions of the context in which the ratings were
generated.

• Experience, and spatio-temporal sensitivity. The
model should account for user expertise as a defining
factor for how much a user should be trusted. For ex-
ample, some users will be experienced about Berlin at
a certain time. Their experience is spatial in nature,
but it is also strongly temporal since experience about
places decays in the long run if the person is not reg-
ularly experiencing the place. As such we assert that
spatiotemporal trust models [5] are essential for the
success of VGI filtering for gazetteers.

• Collecting and managing provenance. Due to the
nature of VGI systems, the basic elements of prove-
nance such as purpose of collecting the information
or the original author’s level of expertise are difficult
to collect. Trust models for gazetteers will thus need
to capture implicit provenance information from the
users. Such information includes, but is not limited
to, a user’s interaction history with the system, trust
ratings, cumulative user reputations, time stamps of
contributions or modifications and user profile infor-
mation. These provenance elements will need to be in-
tegrated within trust models as weighting factors when
performing trust computations for VGI entities.

Both models of trust as well as the VGI extraction rely on
semantic descriptions of the gazetteers’ contents. The fol-
lowing section discusses this semantic enablement.

http://www.nytimes.com/2007/03/05/technology/05wikipedia.html?_r=1&ref=business
http://www.nytimes.com/2007/03/05/technology/05wikipedia.html?_r=1&ref=business
http://www.ushahidi.com/


4. SEMANTIC ENABLEMENT FOR
GAZETTEERS

The abstraction from features to feature types is a core com-
ponent of all major web gazetteers. It enables type-based
queries such as list all rivers in the selected map extent in
the first place. Complex queries consisting of relations be-
yond spatial or administrative containment and especially
reasoning on the feature types, however, are currently not
supported [29]. While the required information to respond
to queries such as for lakes in wildlife reserves near Seat-
tle should be contained in most gazetteers, it is currently
not possible to pose such queries. This lack of advanced
query functionality stems from missing reasoning capabili-
ties. Hence, from a functional point of view, this problem
can be solved by introducing formal feature type specifica-
tions and relations between them (and their instances). A
similar challenge as discussed for gazetteer data also applies
to the typing schemas employed in current gazetteers. Most
gazetteers have developed their own schemas. Since these
are realized as lists or thesauri [32] and are not based on for-
mal feature type definitions, automatic and meaningful map-
pings between different gazetteers are difficult to achieve,
even with manual intervention. A recent approach for such
a gazetteer conflation was presented by Hastings [23].

One example for the lack of formal semantics is the feature
type offshore platform in the ADL feature type thesaurus8.
Same as reservoirs and other types, offshore platforms are
defined as narrower terms [3] of hydrographic structures
which in turn are described as man-made bodies of water.
Consequently [3, p. 46-48], all offshore platforms are wa-
ter bodies. A search for man-made bodies of water near
Santa Barbara, CA using the term hydrographic structures
in the ADL gazetteer would therefore also list several off-
shore platforms. Note that we do not blame the creators
of such thesauri, but argue that the informal or semi-formal
character of feature type lists and thesauri can easily lead
to such errors; see [32] for a detailed discussion. A semantic
engineering [40] approach, e.g., based on ontologies, would
largely reduce such errors. First, it requires a formal, i.e.,
unambiguous, specification of the feature types, and second
logical inference can be used to resolve inconsistencies.

4.1 Feature Type Ontology and
Distributed Gazetteer Infrastructure

We suggest developing a feature type ontology (FTO) that
provides formal definitions for the basic feature types found
in gazetteers. This would allow single gazetteers to commit
to this domain ontology, extend it and develop their own
– potentially different – notions of the feature types. The
conversion process from feature type thesauri to feature type
ontologies has been discussed and demonstrated9 by Janow-
icz and Keßler [32]. Based on the research agenda [19] set up
during the Digital Gazetteer Research & Practice Workshop,
the main motivation (beside avoiding errors caused by in-
formal type definitions) for semantically enabled gazetteers

8http://www.alexandria.ucsb.edu/gazetteer/
FeatureTypes/ver070302/
9A direct mapping from the ADL feature type thesaurus
to an OWL-lite version, as well as several more expressive
demo feature type ontologies specified in OWL-DL can be
downloaded from http://sim-dl.sourceforge.net.

is to facilitate an interoperable gazetteer infrastructure as
shown in Figure 3 [32, 33].

Figure 3: A distributed gazetteer infrastructure.

In such an infrastructure, single gazetteers can be either
maintained by local authorities or even volunteers using the
VGI-based approach introduced in section 2. Queries can
be propagated across different gazetteers, which results in a
DNS-like (Domain Name Service) infrastructure for the res-
olution of place names. If one gazetteer does not contain the
appropriate dataset or is not responsible for a specific geo-
graphic area, the query is redirected to another gazetteer.
This approach is not restricted to dividing and selecting
gazetteers by the geographic space they cover, thematic as-
pects or temporal resolution can also be taken into account.
For instance, some gazetteers may only contain stable data
validated by some authority, while another gazetteers may
store new features contributed by volunteers which have not
been evaluated so far. Such an infrastructure relies on the
notion of linked data [7, 39] spread across gazetteers instead
of single and isolated silo-like gazetteers. For instance, the
GeoNames gazetteer already offers a RDF-based link data
interface and data from Open Street Map could also be
converted to RDF triples easily. Taking temporal aspects
into account or allowing users to contribute cultural heritage
data would require a linked spatiotemporal data gazetteer
[31] infrastructure. From a technical point of view a dis-
tributed gazetteer infrastructure can be set up using RDF
triple stores, RDF scrapers, and the SPARQL Protocol and
RDF Query Language (SPARQL); see [2] for details. The
definition of the domain-level feature type ontology and the
alignment [47] of the local ontologies requires several steps:

First, the domain-level ontology needs to be generic enough
to act as reference for all local gazetteer ontologies. It is un-
likely that this can be reached on the level of concrete types
such as reservoir. Instead, the ontology should define the ba-
sic vocabulary for specifying types. This direction was also
taken by one of the most successful top-level ontologies, the
CIDOC Conceptual Reference Model (CRM) used in the do-
main of cultural heritage [13]. The strength of CIDOC CRM
lies in defining activities (as relations and through reifica-
tion) as core building blocks instead of concrete exhibit types
such as painting. Following this idea, a domain-level feature

http://www.alexandria.ucsb.edu/gazetteer/FeatureTypes/ver070302/
http://www.alexandria.ucsb.edu/gazetteer/FeatureTypes/ver070302/
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type ontology should not define parking lot, train station, or
harbor, but introduce the notion of transportation and trans-
fer point ; see [41] also for a detailed discussion. It is up to
the local, application specific gazetteers to align their types
and use the building blocks introduced on domain level for
their specification. Note that gazetteers use feature types
to provide extended query and navigation capabilities, not
to run simulations, e.g., for flood prediction. Consequently,
gazetteers provide a simplified and restricted view on feature
types which makes their alignment and mapping easier.

Figure 4: Conceptual user interface design for the
recommender system.

Second, integrating volunteered geographic information into
gazetteers relies on a shared understanding of the tags used
to describe pieces of information. The lack of tools that
support non-professional users in describing their content
with common domain vocabulary is one of the main rea-
sons for the wasted potential of VGI. Unlike GI profession-
als, lay users cannot be expected to provide extensive, ISO-
compliant metadata [28] for their contributions that are re-
quired to make them findable. Instead, we propose to fo-
cus the tagging process most users are already familiar with
on the vocabulary of the feature type ontology during the
submission of their content. The key component to achieve
this goal is a recommender system for semantic annotations.
Based on the concepts in the FTO, this system supports
novice users in providing accurate annotations. Recommen-
dations are generated based on the content’s spatiotemporal
and thematic characteristics, as well as the user’s history
of interaction with the system, e.g., feature types she has
looked up previously through the retrieval interface in Fig-
ure 5. The implementation of such a system at the level of
popular places for the collection of VGI10 would greatly fa-
cilitate the extraction and alignment described in Section 2.

The work-flow for submitting and tagging VGI using the

10Such as http://bbs.keyhole.com.

recommender system as shown in Figure 4 consists of 4 steps:

• Uploading the contents or providing a valid URL to
online contents (e.g., a geotagged photo or a KML file).

• Automatic analysis of the contents. This step differs
depending on the type of content; for photos, the Exif
data are analyzed, for KML files, the file contents (key-
words, descriptions, spatial extent of layers) can be
parsed. This step results in a set of keywords associ-
ated with the content.

• Augmentation of the automatically extracted informa-
tion with similar concepts from the FTO. The context
[38] for the similarity search is extracted from the user
profile.

• Presentation of the augmented results to the user ranked
by relevance. The user can choose which of the recom-
mendations she wants to adapt to annotate the con-
tent.

Both annotation and retrieval hence rely on formal type def-
initions. The following example illustrates the difficulty to
define concrete types on the domain-level and motivates the
need for a generic FTO to enable interoperability between
gazetteers. The ADL feature type thesaurus describes coun-
tries as [t]erritory occupied by a large group of people orga-
nized under a single, usually independent government, and
recognized as a country internationally, and declares nations
as non-preferred term, i.e., countries should be used when
querying for nations [3]. In contrast, the Getty Thesaurus of
Geographic Names (TGN), prefers nations and uses coun-
tries only for special cases such as the divisions of the United
Kingdom (e.g., Scotland, Britain, etc.). As result, a query
for countries returns 165 features in ADL while TGN lists
11 countries. The major challenge is not the fact that con-
ceptualizations differ across gazetteers but that the lack of
formal specifications does not allow to discover and resolve
such differences (semi-)automatically [32].

4.2 Retrieval, Querying, and Navigation
While section 4.1 illustrates the need for semantics to enable
interoperability between gazetteers, this section focuses on
the front-end, i.e., the user interface and how reasoning can
improve the query capabilities.

Most existing user interfaces are bound to a specific gazetteer
(protocol). In contrast, the proposed gazetteer infrastruc-
ture supports the development of independent interfaces. A
single interface can be used to query and navigate through
data from different gazetteers. As illustrated in Figure 3,
the underlying infrastructure is transparent to the user, i.e.,
the user does not recognize that the displayed results are
derived from multiple sources. While technically this can
be achieved by RDF merge via resource URIs11 and type
propagation (see [2] for details), there are two major re-
search challenges related to the development of such inter-
faces, namely the questions of (1) how to integrate reason-
ing and query capabilities into a consistent interface that

11This raises some fundamental research questions about the
identity of places not discussed here in detail.
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Table 2: From classical gazetteers to a next generation gazetteer infrastructure (NGGI).

Dimension Classical Gazetteers NGGI

Audience Human experts Non-experts and machines
Contributors Established authorities User communities
Data integration Offline harvesting and integration On-the-fly integration

Trust Implicit, established authorities Explicit, community asserted
Provenance Maintained by authorities Inferred from data and trust ratings

Types Large-scale (e.g., city) Small-scale (e.g., parking lot)
Places Named (historical) places Vernacular place names
Inference Asserted knowledge Asserted and inferred knowledge
Typing schema Informal and semi-formal Semi-formal and formal

hides the underlying complexity from the user; and (2) how
to provide additional provenance information to determine
whether the data is trustworthy for a given purpose (see
Section 3). As data can also be inferred by the reasoner
out of existing information, provenance is not restricted to
judging the trustworthiness of the contributor; see also [14]
for a detailed discussion.

Figure 5: Semantic-enabled gazetteer interface with
binding to the ADL gazetteer; adapted from [32].

In previous work, we introduced [33] and evaluated [35] two
new gazetteer web interfaces using different semantics-based
information retrieval paradigms [36] such as similarity search
or query-by-example. For instance, the web interface illus-
trated in Figure 5 implements a search-while-you-type form
for the feature types. It displays type suggestions, the im-
mediate super type (to broaden the search), as well as sim-
ilar types for horizontal navigation between types12. The
current interface implements the ADL gazetteer protocol

12Note that the depicted interface is a simplified version used
to illustrate the feature type navigation. The implemented
version also contains a frame for the retrieved places and
is described in [35]. The full source code as well as an
online-demo are available at http://sim-dl.sourceforge.
net/applications/.

but can be modified to work as interface for the proposed
gazetteer infrastructure. How to incorporate provenance
and restrict the query by trust ratings is an open issue so
far.

5. CONCLUSIONS AND OUTLOOK
In this paper, we presented a vision for a next generation
gazetteer infrastructure. We reviewed existing approaches,
identified the challenges and pointed out missing pieces. The
proposed infrastructure supports the incorporation of vol-
unteered geographic information, trust-based assessment of
information quality, as well as semantics-based retrieval and
navigation.

Table 2 shows the transition from classical gazetteers to
the proposed gazetteer infrastructure on various dimensions.
While most classical gazetteers are used by experts, the fo-
cus of the NGGI shifts towards non-expert users and machine-
to-machine communication (e.g., for reasoning and harvest-
ing). So far, places have been collected offline from estab-
lished authorities such as government agencies into silo-like
single gazetteers. In the NGGI approach, data can also be
extracted from implicit geographic information and stored in
distributed gazetteers. Query results spanning over multiple
gazetteers are then integrated at query time. In addition, as
opposed to classical gazetteers in which trust is implicit in
the authorities (i.e., data providers), the NGGI utilizes spa-
tiotemporal trust models as proxies for the quality of VGI
(in what we term crowd sourcing the filter). Likewise, the
data provenance is ensured by authorities; in our approach,
data provenance is more challenging due to the nature of
VGI. A proposal is made to infer provenance information
from history of user interactions such as trust ratings. In-
cluding VGI allows us to include small-scale features that
were before unattainable in gazetteers, such as shopping
districts. While current gazetteers support official and ver-
nacular place names, the NGGI will support the bottom-
up evolution of vernacular place names, particularly on the
small-scale level. Existing gazetteers are built completely on
asserted, i.e., explicitly stated information about the places.
Based on formal feature type ontologies, the NGGI can infer
additional facts about features and feature types and help
overcome the shortcomings of natural language feature type
definitions and thesauri used in existing gazetteers.

Building a domain ontology for the NGGI is a challeng-
ing task for future work and requires interdisciplinary col-

http://sim-dl.sourceforge.net/applications/
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laboration across different communities. An OGC stan-
dards compliant implementation of the infrastructure re-
quires a semantic enablement layer as well as the annotation
of gazetteer entries (see [34] for details). While there are
a number of existing approaches for harvesting VGI, these
need to be made more robust and integrated with models
of trust to ensure acceptable levels of information quality.
Finally, more extensive user interfaces need to be developed
which support the new querying capabilities of the NGGI.
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