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Abstract @ @

We define a data model for storing geographic conversion
information from multiple sources that en- scripts
ables the efficient production of customizable \[,

gazetteers. The GazDB separates names from
features while storing the relationships be-
tween them. Geographic hames are stored in
a variety of resolutions to allow for i18n and cxport
for multiplicity of naming. Geographic fea- scripts |
tures are categorized along several axes to fa-
cilitate selection and filtering.
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Figure 1: The gazetteer production process
1 Introduction

We are in'_[erest_e_d in collecting the largest possible Se’F %ff geographic data. However, in order to justify the over-
geographic entities, so as to be able to produce a vari ad of consolidating all the data into a single entity, it

of extremely comprehensive gazetteers, These gazettefisqi he possible to output all of it into multiple gazetteers
are currently produced to search for both direct and 'ndﬂesigned for different goals

rectgeos'patial references in text. The production Process, <rouid also be possible to perform filtering oper-
can be tailored to produce custom gazetteers for Otheragt'ions on the gazetteer entries, such as comparing en-

p||_(|3_f:]tI0nS, such a? hrllsto'\r/:cal gueneé. DB i id try names against common-language dictionaries. This
both € pulrpose Odt € etg arta haz. IS fto Provid&an pe used determine whether occurrences of gazetteer
Ot_ a place an suppprtlng mechanisms for Stormgfames in documents are geographically relevant (Rauch
maintaining, and exporting everything we know abouEt al., 2003)
our collection of geographf entme;. This is the task for the export scripts. However, in this
TIS produc,;e adgazstteerté:m various d”ata sources, ‘%%per, we shall focus on the heart of the system, namely
ma e_use? ora at_a ase, ZDB as well as two sets o 4,pp, Section 2 describes how the GazDB relates
of scripts: conversion scriptsto transfer the data from 0,02 phic names and features. In Section 3 we describe
Its sourge fofrmat |rr1]to the Gaz_DBr,] al;wtport fscrlptsto how the GazDB handles ambiguities and inconsistencies
Olﬁtpl,‘t ata.rorrg)t e Gazl;)B In tl e form o .ﬁazetteedrﬁn geographic names. Finally, in Section 4 we outline
T_ e interaction between these elements Is illustrated e ¢jassification and storage system used for geographic
Figure 1. . . _ features.
Geographic input data is collected from multiple (not
necessarily disjoint) sources, each with their own pecu Gazetteer entries in the GazDB
liar format. As such, the conversion scripts must perform
some amount of normalization and classification of th&he most basic form of a gazetteer entry consists of a
input data in order to maintain a single unified repositorynapping between a geographic name and a geographic
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Figure 3: Updating a name in the GazDB
Figure 2: Relating features and names in the GazDB

in Figure 2. This system enables the GazDB to support

location. The Alexandria Digital Library Project (Hill, P0th many-to-one relations between names and features,

2000), however, defines a gazetteer entry as also requii$ IN the case dbenaliandMcKinley, and one-to-many
ing a type designation to describe the entity referred tff'ations such asondonbeing the name of both a city in
by the name and location. Because a geographical tyfit@in and a town in Connecticut.

designation classifies the physical entity rather than the !N the GazDB, several other relational tables are used
name assigned to it, we think of gazetteer entries prd@ Store numerical data associated with the known geo-
duced by the GazDB as relating geographic names afgaphic features. For _example, pop_ulaﬂon Qata is kept in
geographic features (which have inherent types). We wift Separate table that links census figures with the _ID’s pf
separately discuss geographic names and geographic fEAL11es in the feature table. This is usefu_l beca}use it facil-
tures in greater detail later, and focus on the stored relijates queries to be performed only on inhabited places.
tions between them first. Elevation data is stored in a similar manner.

A naive approach to creating a gazetteer is to main- As gazetteers get updated, corrections are often made

tain a flat file with one gazetteer entry per line, as followst© the name or to the feature data. To update a name, we

formally abandon the old ID, create a new name entry,

Boston 42 21'30°N, 71° 4'23"W and update the namefeature mapping table by replac-
Cambridge 4223'30°N, 71° 6'22"W ing the old name ID with the new one, as in Figure 3.
Somerville 42 23'15"N, 71° 6'00"W We repeat this process for each table in the GazDB that

refers to the old ID- this is simple, because the tables are

This schema is overly simplistic because it supposesiadexed by ID. Updating geographic locations or numer-
one-to-one mapping between geographic names and féeal data in the GazDB is done in an identical manner.
tures, when in reality many geographic features have The GazDB also includes a table for storing de-
more than one name commonly associated with thenmiled information about the sources of the data in the
For instance, the tallest mountain in North America is unGazDB- for instanceéNIMA GeoNet names datafile for
ambiguously referred to as eithéount McKinleyor De-  Afghanistan (AF), published November 8 200Fvery
nali. Using this gazetteer, recording both names for thelement in the GazDB is then associated with the ap-
mountain would result in the creation of two entries. Thigpropriate entry in the source table. This enables the ac-
is highly impractical on a large scale due to space requirgountability of all entries in the GazDB, preventing the
ments and the complexity of systematically updating oappearance of “mystery data”. The source table also al-
modifying the gazetteer. lows easy, systematic, source-specific modifications of

The GazDB uses the well-known relational apthe GazDB's entries to keep pace with frequently up-
proach (Codd, 1970) to store the geographic data fatated datasets, thereby maintaining the freshness of the
the gazetteer. To do so, we separate the notion &azDB'’s data.
a geographic name from the geographic feature that it The GazDB also includes a complete log of all updates
represents. We maintain distinct tables for locationto the database tables and entries. Because data rows are
and names— mappings between names and locations alndoned but not deleted during updates, it is possible
stored in a third table, keyed by the unique numericab recreate the state of the database prior to any particular
identifiers of both the name and the location, as showset of updates.



The flexibility of the relational design also allows thewe further define @pellingof a geographic name to be
inclusion of new kinds of data that were not thought ofa similarly constructed triple of [UTF-8, 8859-1, ASCII]
or not available in the original schema. For instance, onencodings, with the added restriction that while the au-
could add yearly precipitation data for geographic locathoritative name is directly associated to a geographical
tions by creating an additional table mapping locations tentity, a spelling is only directly associated to a name.
rainfall amounts, without the need to re-ingest the datdhus whileMacaois a spelling variant oMacay and
already in the GazDB. Macauis the name of a city in Southern China, nonethe-

The GazDB also maintains a historical geographicdessMacaois not considered to be a GazDB name proper
record by capturing temporal extents for mappings — i.dor the city.
the city at 59 54'20"N, 30° 16'9"E would be associated
with the names: 3.2 Authoritativeness

The GazDB also makes a distinction about the authorita-

* St. Petersburgrom 1991-present day tiveness of names. We view a placename as an informa-

e Leningradfrom 1924-1991 tion resource in and of itself, independent of the feature
that it names. This is analogous to the Unicode standard,
e Petrogradfrom 1914-1924 where the name of a character is treated as an information

. resource independent of the glyph it corresponds to.
The GazDB can thus export temporally-sensitive pere are multiple names that refer to the same geo-
gazetteers customized for use in historical documents. graphic feature but are neither spelling variants of another
3 G hi nor are they seemingly derived from one another, such as
eograpnic names Holland vs. The Netherlandsr Nihonvs. Japan Be-

Geographic names present a number of challenges tgcause of this, we define and maintaiternate nametor
gazetteer. These include issues inherent to translation a@@chauthoritative name Each geographic entity is per-
transliteration of foreign names, mediation between renitted to have only one authoritative name, but that au-
peated entries and mu|t|p|e sources, and the (in)accura&y)ritative name can have several more informal alternate

of placename specifications. names associated to it. Both alternate names and author-
_ itative names can have variant spellings.
3.1 Resolution of names Conflicts between authoritative names from different

The first hurdle is internationalization (i18n). Differencessources are inevitable. However, we cannot indepen-
between character encodings and display capabilities réently determine the proper solution in an objective way
sult in some names taking on a variety of forms (e.ghecause we are not a mapping agency— we seek to use
printing Sao Toné as Sao Tomg Although the printed geographic data, not produce it. Without being able to
forms of the name are not character-identical, the nantake our own measurements, resolving these discrepan-
itself has not changed from its original representation. cies must therefore be done on the basis of the perceived

To resolve this, the GazDB defines and storega- trustworthiness of the sources providing the data. The
graphic nameas a triple: [canonical name, display nameGazDB's source data consists of many sources that can be
search name], with each element at a different level dfusted to varying degrees. We put the highest trust in the
resolution. The canonical form of the feature’s name i&eographic Names Information System (USGS, 2003)
kept as a 16 bit string (Unicode / UTF-8), the displaydata and the GEOnet Names Server (NIMA, 2003) data,
form is 8 bits (ISO 8859-1), and the search name is 7-bnd mediate the incorporation of all the other sources ac-
uppercase ASCII. These resolutions are appropriate féprdingly.
different purposes: wide characters are necessary for Chi-To enforce the distinction between the authoritative
nese/Japanese/Korean (CJK) content, the display nameid the alternate versions of a name,, and to emphasize
a necessary compromise given the default display cape authoritative name, we speak of “names” referring
bilities of Internet browsers, and the search name is neenly to the authoritative name. For all others, we speak
essary given the data entry capabilities of the default (U “alternates” and “spellings”.

ASCII) keyboard. We henceforth use the tenameto
implicitly refer to this triple.

We also support Soundex and Metaphone geographi@astly, the GazDB distinguishes fully specified geo-
name searches at a 7 bit resolution, by storing the haghaphic names, such &ew York City, New York, USA
codes in separate tables within the GazDB. from their short forms such dsew York Cityor even the

However, there are cases when variances in a nameore colloquial yet ambiguousew York
arise due to multiple transliteration, rather than character The GazDB maintains a taxonomy of geographic fea-
encodings, as in the caseMfcauandMacaa As such, tures, consisting of an administrative hierarchy of the

3.3 Explicitness



world. The administrative hierarchy serves to locate gesntries by feature, the GazDB could potentially issue a
ographic entities by country, then state, county, and smultilingual gazetteer as well. Of course, obtaining the
forth. This is based upon both the FIPS 10-4 citeFIP&rge, accurate, geographic datasets in foreign languages
and the ISO 3166-2 (ISO, 1998) codes. However, thesequired for this purpose is a major ongoing undertaking—
standards often disagree and update infrequently, so wee that we make no claim to have completed!

base ours upon the Hierarchical Administrative Subdi- )

vision Codes (HASC) system (Law, 1999). Using thi# Geographic features

taxonomy, we can specify geographic entities by namgg nentioned in Section 2, a geographic feature includes
and by their location within the political divisions of the both a geographic location and some categorization of
world. The GazDB is capable of maintaining multiple, o is situated there. The GazDB classifies geographic
taxonom|e§ for geographic _ent|t|es, such as one basg tities along 3 orthogonal scales: spatial representation,
upon physical features (for instanceMont Blancis a  fnctional class, and administrative type. These classi-

mountain in theAlps which are inEuropé€, in addition  geations allows users to better restrict gazetteer queries,
to “Mont Blancis a mountain irFrance’), however these o haps via pull-down menus, for more relevant results.
have not yet been completed.

We define as amuthoritative titlethe unambiguous 4.1 Spatial representations

list of hierarchical administrative regions that contain th%imple point/bounding-box categorization does not ac-
geographic entity. Herélew York State, United Statescyrately depict the topological footprint of most features
would be the authoritative title, such that the sequencgi et al., 1999). Points do not represent the geographic
New York City, New York State, UShkambiguously extents of locations, and bounding boxes misrepresent
refers to a single geographic entity. Taethoritative ti-  features by oversimplifying the shape. Of particular in-
tle is the ordered sequence of the authoritative names f@irest is the ability to categorize geographic entities with
the list of hierarchical regions that contain the feature, S@uzzy boundaries”, such as the extent of wetlands, or
it is easy to compute from a hierarchical region tree i”thﬁisjoint regions, such as an archipelago. The GazDB
GazDB. Other titles can be computed by using variants Qjassifies features by their footprint into 6 major types

spellings of the containing regions’ names, or by omittingeach with numerous subtypes):
some of themNew York City, USAfor example).

We have thus imposed an order on the GazDB geo-
graphic names: each feature can have one primary (most
authoritative) GazDB name and some alternate GazDB 2 |ine — 1-dimensional (e.g. a road or power line)
names. Each GazDB name, both primary and alternate,
can have multiple spellings associated with it. All of the 3 aréa—2-dimensional without clearly defined bound-
above are available at all three encoding resolutions. aries (e.g. wetlands)

This ordering allows the GazDB to classify geographic 4 point-area — a 2-D region with clearly defined
names along three orthogonal scales: general/vernacular poyndaries (e.g. county or lake)
vs. authoritative; raw (original character encoding) vs.
cooked (character-set- and transliteration-normalized); 5 cluster of point-areas — e.g. an archipelago
and implicit (short form) vs. explicit (long form). This
allows us to export, on an as-needed basis, multiple

gazetteers from the GazDB at different name resolutions.
0 unknown/unclassified

1 point — O-dimensional (approximated to a point, e.g.
a factory gate or a well)

6 probability density distribution — a feature that shifts
over time, e.g. ice packs

3.4 Language information 4.2 Functional classes

The mu|t|||_ngua| support in j[he GazDB goes peyond th(R/Iany features, particularly structures, can also be de-
use of Unicode. To map different name entries to geo-

. . .2 ““scribed by their functional class:
graphic features for different languages, we also maintain
within the GazDB a detailed list of the world’s languages 1 building —a man-made structure
(Grimes and Grimes, 2000), and associate all names and,
descriptions with their language.

The GazDB can keep one authoritative name (but ar-
bitrary numbers of associated spellings, variants, and ti- 3 field —a feature that predominantly open space with-
tles) per language in the world for any geographic fea-  out structures, such as a cemetery.
ture. Therefore, given authoritative sets of raw geo-
graphic data in a foreign language, the GazDB could pro-
duce a gazetteer in that language. By matching gazetteerO unknown/unclassified

campus — a feature that contains a number of build-
ings on open space, such as a military base.

4 city



4.3 Administrative types 5 Conclusions

We also distinguish administrative types: Maintaining a large-scale gazetteer database is a non-

1 international organization — encompasses multipltsivial task. Nonetheless, we have created a gazetteer

countries database containing tens of millions of entries collected
from several large gazetteers (each with their own for-
mat, encoding, classification, and field conventions), and
3 province — first-order administrative subdivisionproviding output in several highly compressed binary for-

within a nation mats. We believe that the problems we have encountered
in designing and building the GazDB are not unique to
us, but rather, they are inherent to the task. We therefore
hope that others can use the solutions proposed here to
5 smaller than county — anything below second-ordesome advantage.

subdivision within a nation

2 nation

4 county — first-order administrative subdivision
within a province
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