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Accessibility to health services at the local or community level is an effective approach to
measuring health care delivery in various constituencies in Canada and the United States.
GIS and spatial methods play an important role in measuring potential access to health ser-
Keywords: vices. The Three-Step Floating Catchment Area (3SFCA) method is a GIS based procedure
GIS ) developed to calculate potential (spatial) accessibility as a ratio of primary health care
Geocoding (PHC) providers to the surrounding population in urban settings. This method uses PHC
Positional error S provider locations in textual/address format supplied by local, regional, or national health
Health care accessibility . . .
authorities. An automated geocoding procedure is normally used to convert such addresses
to a pair of geographic coordinates. The accuracy of geocoding depends on the type of ref-
erence data and the amount of value-added effort applied. This research investigates the
success and accuracy of six geocoding methods as well as how geocoding error affects
the 3SFCA method. ArcGIS software is used for geocoding and spatial accessibility estima-
tion. Results will focus on two implications of geocoding: (1) the success and accuracy of
different automated and value-added geocoding; and (2) the implications of these geocod-
ing methods for GIS-based methods that generalise results based on location data.
© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Accessibility to health services at local and community
scales is an important metric for measuring health care
delivery in Canada and the United States. The concept of
access to health care is multifaceted; it builds links be-
tween populations at risk (clients) and the delivery system
(service providers) which vary across both space and place
(Penchansky and Thomas, 1981). In measuring potential
access to health services Geographical Information Sys-
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tems (GIS) and spatial methods provide powerful analytic
tools. The Three-Step Floating Catchment Area (3SFCA)
method is a GIS-based procedure developed by Bell (forth-
coming) to calculate potential (spatial) accessibility at the
neighbourhood level as a ratio of primary health care
(PHC) providers to population in urban settings.

Like other GIS based methods, measuring potential
(spatial) access to health care requires locations of Primary
Health Care (PHC) providers in global absolute geographic
coordinates (Latitude/Longitude, Universal Transverse
Mercator (UTM), etc.) and population information associ-
ated with enumeration areas (census areas or local neigh-
bourhoods) (Bell et al., forthcoming; Luo, 2004; Luo and
Wang, 2003; McGrail and Humphreys, 2009; Paez et al.,
2010; Schuurman and BERubE, 2010). In Canada, census
based population data is gathered by Statistics Canada
every five years and is available at a variety of enumeration
levels. One such enumeration unit, and the unit used in
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this study, is the dissemination area (DA) which provides
good spatial resolution.

Geocoding is increasingly used in health studies to map
sites of service providers and participants. There are many
aspects of geocoding that require attention in order to en-
sure a sufficient match rate to generate location data that
is reliable. For instance, the positional accuracy of geocod-
ed locations depends on the geocoding techniques em-
ployed and reference data used. In general, an automated
address match geocoding procedure is used to convert
each address to a pair of geographical coordinates. The
automated part of the geocoding process can be accom-
plished in several ways, these include range interpolation,
areal unit interpolation, and rooftop geocoding; in this re-
search we use range interpolation as the primary auto-
mated method. Range interpolation involves interpolating
address locations along a street segment; such estimations
of position can introduce positional error in the geocoded
point (Goldberg, 2008; Zandbergen, 2009). This is tradi-
tionally followed by a manual intervention/interactive
geocoding process that involves examining possible loca-
tion candidates for an address from a digital street file
(Goldberg et al., 2008). In this research, the term value-
added refers to those manual interventions or measures ta-
ken after the initial automated geocoding process; such
methods are generally accepted as increasing the validity
and accuracy of the output. The primary objective of this
research is to investigate the positional error that results
from geocoding PHC provider addresses using six different
geocoding methods. These methods include: (1) auto-
mated Postal Code geocoding with Desktop Mapping Tech-
nologies Inc. (DMTI) data; (2) value-added matching with
Postal Code data; (3) automated range interpolation using
DMTI street data; (4) value-added matching with DMTI
data; (5) automated range interpolation using ESRI Tele At-
las street data (bundled with ArcGIS 10); and (6) value-
added matching with ESRI Tele Atlas/street data. The sec-
ondary objective of our study is to investigate the impact
of positional error on measures of accessibility estimated
using the three-Step Floating Catchment Area (3SFCA)
method (Bell et al., forthcoming).

2. Background

Geocoding has different meanings depending on its
application (Goldberg et al., 2007). In health research, geo-
coding is used as a means of transforming textual geo-
graphic descriptions into explicitly georeferenced data
that can be used for spatial analyses (Goldberg, 2008). Geo-
coding has an established role in health research, whether
estimating supply and demand of various health services
(Schuurman and BERubE, 2010) or dealing with disease
patterns and distribution (Bruneau et al., 2008). Address
match geocoding is the process of transforming addresses
in local and relative coordinate systems (such as street ad-
dresses or postal codes), which are not themselves amena-
ble to GIS-based spatial analysis, into a format which
assigns coordinates in an global absolute coordinate sys-
tem (such as latitude and longitude or UTM). Geocoding
is largely an automated process and is at least partially

dependent on the quality of the reference data used to esti-
mate an addresses location (Zandbergen, 2009, 2011);
therefore, uncertainty exists in all geocoding output. In
the context of health research, there are important impli-
cations of such errors. What is little understood is the ex-
tent to which such geocoding errors manifest themselves
in higher order applications of the geocoded results.

2.1. Common geocoding errors

There are four main types of error related to address
match geocoding (Zandbergen, 2009). The four types of er-
ror include:

1. Error arising from geocoding an incorrect address. An
address can be incorrect in a variety of ways, two com-
mons errors include: (1) a typo in the number compo-
nent of the address, and (2) an error in the street
designation (wrong designation or an incorrect inter-
preted abbreviation).

2. Errors related to inaccurate interpolation along a street
segment. Since it is rare that street addresses are evenly
distributed across a street segment such errors are com-
mon but tend to be smaller in urban areas where street
segments are shorter (Bakshi et al., 2004; Cayo and Tal-
bot, 2003); even within urban areas there can be vari-
ability in such errors, for instance, in areas dominated
by multi-family housing units, condominiums, or apart-
ment buildings (Ward et al., 2005; Zimmerman and Li,
2010). Interestingly, commercial areas are also suscep-
tible to higher error resulting from this type as there
tend to be fewer commercial entities per street segment
than in residential areas, resulting in sometimes arbi-
trary address numbering along the segment (Zandber-
gen, 2008).

3. Error resulting from the geocoded point being placed at
an incorrect perpendicular distance from the street seg-
ment (i.e. incorrect side offsets); again, this type or
error is generally minimal.

4. Error in the placement of the reference data’s street seg-
ments within the road network can produce misplaced
location that are difficult to reconcile without local
knowledge; in this type of error the address is correctly
located along the street segment but the street segment
is not in a location congruous with its position in the
street network.

2.2. Geocoding with areal units

A secondary geocoding method involves the geocoding
of points using areal unit reference data. Examples of such
geocoding include zip codes, postal codes, and other land
allocation systems. While some of the potential errors
listed above can extend to areal unit geocoding, such geo-
coding has its own set of challenges. In Canada, postal
codes can either be used to geocode independently (Bru-
neau et al., 2008) or to supplement missing or erroneous
street address information (Schuurman and BERubE,
2010). Here, it is important to describe the difference be-
tween Canadian postal codes and US Zone Improvement
Program (ZIP) Codes. In the United states a ZIP Code
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