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Repeatability of street geocoding was characterized in terms of completeness
and positional accuracy by using diﬀerent street network datasets to geocode
the same address input ﬁle. Match rates were highest for local street centrelines
followed by StreetMap USA 2005 and TIGER 2000 data. Positional accuracy
was highest for local street centrelines, while StreetMap USA 2005 and TIGER
2000 were nearly identical. Rural addresses were geocoded less accurately than
urban addresses. Multi-family residential and commercial, institutional or
industrial addresses were geocoded less accurately than urban single family
residential addresses. The enhancement of TIGER 2000 data by commercial
ﬁrms resulted in higher match rates but not in improved positional accuracy.
The study has also highlighted the unique nature of multi-family and nonresidential addresses in terms of the quality of their street geocoded locations.
When such addresses are of speciﬁc interest alternatives to traditional street
geocoding may need to be considered.
Keywords: geocoding; match rates; positional accuracy; reference data

1. Background
Addresses are one of the fundamental means by which people conceptualize location
in the modern world. In a geographic information system (GIS), addresses are
converted to features on a map through the geocoding process. Geocoding is the
process of assigning an X,Y coordinate pair to the description of a place by
comparing the descriptive location-speciﬁc elements to those in reference data.
Recent reviews of geocoding have been provided by Rushton et al. (2006), Goldberg
et al. (2007) and Zandbergen (2009). The geocoding process is deﬁned as the steps
involved in translating an address entry, searching for the address in the reference
data, and delivering the best candidate as a point feature on the map. While
geocoding applications are diverse and span many types of applications, there are
several common problems associated with geocoding that have traditionally caused
poor match rates, requiring excessive manual mapping by the user and potential
inaccuracies and/or incompleteness in the resulting spatial datasets (e.g. Krieger
et al. 2001, Ratcliﬀe 2001, Rushton et al. 2006, Bichler and Balchak 2007, Goldberg
et al. 2007).
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One of the main challenges to accurate geocoding is the availability of good
reference data. This includes a set of geographic features needed to match against as
well as robust address characteristics (attribute data) that enable matching address
records to feature locations in a GIS. This requires a sturdy address model to organize
the reference data components in a logical, maintainable and site-speciﬁc way. The
most widely employed address data model in the US is based on street network data. In
this approach a street network is represented as street line segments that hold street
names and the range of house numbers and block numbers on each side of the street.
Address geocoding is accomplished by ﬁrst matching the street name, then the segment
that contains the house numbers and ﬁnally placing a point along the segment based on
a linear interpolation within the range of house numbers. An optional oﬀ-set can be
employed to show on which side of the street line segment the address is located. This
approach to geocoding an address is referred to as ‘street geocoding’ and has become
the most widely used form of geocoding. Nearly all commercial ﬁrms providing
geocoding services and most GIS software with geocoding capabilities rely primarily
on street geocoding. Several alternatives to the street network data model have
emerged, including parcels and address data points, but these have not yet seen
widespread implementation in the US (Zandbergen 2008a).
Despite the widespread use of geocoding in a range of disciplines, the errors of
geocoding have only started to receive widespread attention in the literature in recent
years (Zandbergen 2009). The overall quality of any geocoding result can be
characterized by the following components: completeness, positional accuracy and
repeatability. Completeness is the percentage of records that can reliably be
geocoded, also referred to as the match rate. Positional accuracy indicates how close
each geocoded point is to the ‘true’ location of the address. Repeatability indicates
how sensitive the geocoding results are to variations in the street network reference
data, the matching algorithms of the geocoding software, and the skills and
interpretation of the analyst. Geocoding results of high quality are complete,
spatially accurate and repeatable.
The simplest measure of geocoding quality is the match rate, or the percentage of
records that produce a reliable match. While match rates vary greatly between
diﬀerent studies, most have found that match rates are much lower in rural areas
compared to urban areas for the same type of address database and reference data
(e.g. Drummond 1995, Dearwent et al. 2001, Kwok and Yankaskas 2001, Cayo and
Talbot 2003, Kravets and Hadden 2007). In many rural areas the use of rural routes
and Post Oﬃce Boxes is very common and these are not suitable for reliable
geocoding. Diﬀerent types of addresses also result in diﬀerent match rates. For
example, higher match rates are typically obtained for residential addresses relative
to commercial addresses (Zandbergen 2008a). Match rates also vary greatly with the
address data model employed. Street geocoding is by far the most widely employed
method and match rates typically vary between 70 and 95%, although both lower
and higher match rates are sometimes reported. Geocoding against parcel
boundaries is more spatially accurate but results in much lower match rates,
typically between 40 and 75% (Dearwent et al. 2001, Zandbergen 2008a). Geocoding
against address points, which has only emerged in the last couple of years, has
received much less attention, but the limited research so far indicates that match
rates are very similar to those of street geocoding for the same address input data
(Zandbergen 2008a). This can largely be attributed to the fact that address points are
typically created with the speciﬁc purpose of geocoding.
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Several studies have determined quantitative estimates of the positional accuracy
of geocoding. Estimates of ‘typical’ positional errors for residential addresses range
from 25 to 168 m (Dearwent et al. 2001, Ratcliﬀe 2001, Bonner et al. 2003, Cayo and
Talbot 2003, Karimi and Durcik 2004, Ward et al. 2005, Whitsel et al. 2006, Zhan
et al. 2006, Schootman et al. 2007, Strickland et al. 2007, Zandbergen 2007,
Zimmerman et al. 2007) based on median values of the error distribution. Results in
urban areas are generally more accurate than in rural areas (Bonner et al. 2003; Cayo
and Talbot 2003; Ward et al. 2005). The positional error in geocoded addresses may
adversely aﬀect spatial analytic methods (Waller 1996, Jacquez and Waller 2000,
Burra et al. 2002, Whitsel et al. 2006, Griﬃth et al. 2007, Zandbergen 2007,
Zandbergen and Green 2007, Mazumdar et al. 2008).
The repeatability of geocoding has not received as much attention as match rates
and positional accuracy. In one study by Whitsel et al. (2006) substantial diﬀerences
were found between four commercial vendors including match rate, concordance
between established and vendor-assigned census tracts and distance between
established and vendor assigned locations. Several other studies have also compared
the results of diﬀerent geocoding methods (Zhan et al. 2006, Ward et al. 2005,
Kairimi and Durcik 2004, Yang et al. 2004, Schootman et al. 2007). Most of these
studies, however, have been confounded by the fact that the geocoding methods
employed diﬀered in many diﬀerent aspects, including quality of street reference
data, choice of GIS software, matching algorithms employed and user-selected
settings in the geocoding process (Bichler and Balchak 2007). Studies by Kairimi and
Durcik (2004) and Schootman et al. (2007) suggest that the nature and accuracy of
the reference data is the critical factor that explains a lack of repeatability, but this is
not ﬁrmly established. Most studies to date are also limited by the fact that only
residential addresses have been considered (as opposed to commercial, institutional,
etc.) and that multi-family residential addresses, which are notoriously challenging,
have not been considered separately.
The objective of this study is therefore two-fold: (1) to determine the repeatability
of street geocoding (including match rates and positional accuracy) when utilizing
several diﬀerent street reference datasets while controlling for other aspects of the
geocoding process; and (2) to determine the variability in geocoding quality between
diﬀerent types of addresses, including single family residential addresses in urban
and rural areas, multi-family residential addresses and commercial, institutional or
industrial addresses.
2. Data and methodology
Volusia County, Florida was chosen as a study area because of the availability of
good quality reference data and because it represents a range of land uses of diﬀerent
density categories. The location of the study area is shown in Figure 1.
A database of street addresses and their exact locations was obtained in the form
of an address point database in GIS format from Volusia County. In this address
point database every occupied building in the county is stored as a point location,
typically placed at the centre of the building or directly in front of the building, with
its associated street address. Since this database is speciﬁcally developed for the
purpose of geocoding, the attributes are organized in a way that is compatible with
geocoding tools in GIS software. Figure 2 shows an example of the address point
database, overlaid on digital aerial imagery.
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Location of Volusia County, Florida.

The address point database does not contain information on the type of building.
Zoning information at the parcel level was employed to identify diﬀerent land use
types. Detailed zoning categories were aggregated into four general types: urban
single family residential, rural single family residential, multi-family residential, and
commercial, institutional or industrial. Using point-in-polygon overlay each address
point was assigned one of these four general land uses. A random sample of 1000
addresses was generated for each land use type for a total of 4000 addresses. Figure 3
shows the locations of these addresses within Volusia County. These addresses were
then stripped of their coordinates to generate a clean address ﬁle for use in street
geocoding.
Three diﬀerent street reference datasets were obtained: (1) street centrelines at a
scale of 1:4800 from Volusia County; (2) TIGER 2000 roads from the US Census
Bureau; (3) StreetMap USA 2005 roads from ESRI/TeleAtlas (ESRI 2006a). Local
street centrelines are generally considered the most accurate source of street reference
data. These data are constantly being updated, but the street centrelines were
obtained at the same time as the address points to limit temporal diﬀerences. TIGER
2000 data from the US Census Bureau is widely recognized as having substantial
errors in terms of location, attributes and topological consistency (Liadis 2000,
O’Grady and Goodwin 2000), but it has traditionally been the most widely used data
source for street geocoding in the US. Eﬀorts are underway to improve the accuracy
of the TIGER data, but at the onset of this research this had not been completed yet
for Volusia County. StreetMap USA data represents an ‘enhanced’ version of
TIGER data. Commercial ﬁrms (in this case ESRI and TeleAtlas in partnership)
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Figure 2. Example of address point data for mixed residential and commercial areas.
Address points are typically placed on top of the building (for larger structures) or directly in
the front of the building (for single family residences).

acquire the TIGER data and supplement this with other data sources to improve its
quality, including temporal accuracy. The exact nature of the processing and the
quality of these data relative to the original data is not well documented. StreetMap
USA was included in this study because it is widely used and commonly provided as
part of the ArcGIS suite of GIS products, the most widely used GIS software in the
US. The 2005 version of the StreetMap USA data was used in the analysis.
The 4000 addresses were stripped of their original coordinate information and
geocoded using the three diﬀerent street reference data in ArcGIS 9.1 (ESRI 2006b).
Identical settings were employed to limit the eﬀect of the parsing and matching
algorithms. Speciﬁc setting include: spelling sensitivity of 60, minimum match score
of 80, side oﬀset of 10 m and no end oﬀset. Perfect matches (score of 100), less-thanperfect matches (score between 80 and 100) and ties (multiple matches with the same
score) were identiﬁed separately in the results. No interactive matching of unmatched
cases was performed, i.e. only the automated geocoding tools were used.
Geocoding quality was determined by establishing measures for completeness
and positional accuracy. Measures for completeness include: per cent perfect
matches, per cent less-than-perfect matches, per cent perfect ties, per cent less-thanperfect ties, and per cent total matches (all matches and ties with a score of 80 or
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Figure 3. Locations of sample address points used in street geocoding (n ¼ 1000 for each
category). Stratiﬁcation by land use category is based on parcel-level zoning information.

higher). Positional accuracy was determined as the Euclidean distance between the
geocoded location and the location of the original address point. In the positional
accuracy determination only those addresses were used which resulted in a match or
a tie using all three geocoding methods.
3.

Results and discussion

Results for completeness are shown in Table 1. Results are broken down by the three
diﬀerent street reference datasets and by the four diﬀerent land use types. The ﬁrst
observation is that the match rates in general are quite high compared to those
reported by most other studies. This can be attributed to the fact that the address
information in the address point database is very complete and highly standardized.
In fact, it would be diﬃcult to identify address data of higher quality. When
comparing the three diﬀerent street reference datasets, the match rates for the street
centrelines are consistently highest, followed by StreetMap USA 2005 and TIGER
2000. The very high match rates for local street centrelines (92.5–98.1%) come as no
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Table 1.

Geocoding match rates for diﬀerent street reference datasets.

Street Centrelines 2005
Match (score ¼ 100)
Tie (score ¼ 100)
Match (score 80–100)
Tie (score 80–100)
Unmatched
Match rate (%)
Ties (%)
Street Map USA 2005
Match (score ¼ 100)
Tie (score ¼ 100)
Match (score 80–100)
Tie (score 80–100)
Unmatched
Match rate (%)
Ties (%)
TIGER 2000
Match (score ¼ 100)
Tie (score ¼ 100)
Match (score 80–100)
Tie (score 80–100)
Unmatched
Match rate (%)
Ties (%)

Urban
single
family
residential

Rural
single
family
residential

Multi-family
residential

Commercial,
institutional
or industrial

751
0
230
3
16
98.1
0.3

748
0
213
2
37
96.1
0.2

702
0
260
1
37
96.2
0.1

581
0
344
2
73
92.5
0.2

689
2
212
26
71
90.1
2.8

608
0
287
41
64
89.5
4.1

654
0
185
30
131
83.9
3.0

565
3
246
59
127
81.1
6.2

789
1
53
8
149
84.2
0.9

766
1
50
4
179
81.6
0.5

674
0
66
1
259
74.0
0.1

680
0
66
5
249
74.6
0.5

surprise, in particular because the address point database and the street centrelines
are maintained by the same agency (albeit using diﬀerent methods and sources). It is
in fact a bit surprising that the match rates are not even higher. Perhaps more
important is the relatively high number of matches with a less-than-perfect score,
suggesting inconsistencies between the two sets of address information maintained
by Volusia County. Match rates for StreetMap USA 2005 (81.1–90.1%) are
substantially lower than for street centerlines, but substantially higher than for
TIGER 2000 (74.0–84.2%). This suggests that the ‘enhancement’ of the TIGER data
does indeed produce geocoding results of higher quality although based upon this
result it is not clear if this is due to improved attribute quality (street names and
address ranges) or more up-to-date data (there is a ﬁve year diﬀerence between the
two datasets). StreetMap USA 2005, however, resulted in a fairly large number of
matches with a less-than-perfect score and by far the highest percentages of ties (2.8–
6.2%). Ties present an issue in street geocoding as it leaves ambiguity as to which
location is the correct one, resulting in the need for manual inspections. While
TIGER 2000 resulted in the lowest match rates, it produced very few less-thanperfect matches and a low number of ties.
When comparing the match rates across the four diﬀerent land use types, a fairly
consistent pattern emerges: match rates are highest for urban single family
residential addresses followed by rural single family residential, multi-family
residential, and commercial, institutional or industrial. This pattern is not entirely
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consistent across all three street reference data. For example, for street centrelines
the match rates for rural single family residential and multi-family residential are
nearly identical (96.1 and 96.2%, respectively). The lower match rates of rural
addresses relative to urban addresses conﬁrms the pattern identiﬁed in most other
studies that have determined geocoding completeness across urban–rural gradients.
The lower match rates in rural areas can normally be attributed to the occurrence of
PO Boxes and rural routes (which cannot be located using regular street geocoding)
as well as less up-to-date street information. PO Boxes and rural routes, however, are
relatively rare in Volusia County, which partly explains the moderate diﬀerence in
match rates between urban and rural areas. The lower match rates for multi-family
and commercial, institutional or industrial addresses points to a persistent challenge
in street geocoding. Many multi-unit and/or multi-purpose complexes (duplexes,
apartment complexes, mobile home parks, business parks, commercial shopping
plazas, college campuses, etc.) employ addressing that is not very compatible with
regular street geocoding. For example, in some cases the entire complex is associated
with a single street address but the actual units within the complex follow another
logic that is not reﬂected in street reference data.
The results for the positional error in street geocoding are presented in Table 2,
again broken down by street reference data type and land use type. Scatter plots of
Table 2.

Positional error (in metres) of geocoding for diﬀerent street reference datasets.

Street centrelines
Min
Max
Median
75th percentile
90th percentile
95th percentile
99th percentile
Root mean squared error
StreetMap USA 2005
Min
Max
Median
75th percentile
90th percentile
95th percentile
99th percentile
Root mean squared error
TIGER 2000
Min
Max
Median
75th percentile
90th percentile
95th percentile
99th percentile
Root mean squared error

Urban single
family
residential
(n ¼ 843)

Rural single
family
residential
(n ¼ 804)

Multi-family
residential
(n ¼ 728)

Commercial,
institutional or
industrial
(n ¼ 733)

6
3139
29
45
84
132
358
177

11
10,381
59
101
171
246
522
393

6
528
37
64
109
156
244
74

4
2188
47
83
140
191
389
126

3
3599
49
88
156
240
540
207

2
14,210
114
203
374
610
1501
624

1
7017
78
127
194
260
465
294

7
4779
73
131
265
447
1704
365

4
1632
49
89
158
244
542
140

2
5813
106
181
322
453
990
315

1
620
77
127
192
251
409
128

6
2022
73
131
266
428
1114
229

Geocarto International

43

Downloaded By: [University of New Mexico] At: 22:56 27 January 2011

the positional error are also shown in Figure 4. Multiple metrics are employed,
largely because the distribution of the positional error does not follow a normal
distribution but more closely resembles a log-normal distribution (Zandbergen
2008b). Statistics such as the mean are therefore not very meaningful and instead
values for the median and percentiles are used for comparison. Based on values for

Figure 4.

Scatter plots of the positional error (in metres) of street geocoding results.
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the median error the results for the street centrelines are by far the most accurate
(29–59 m). Results for StreetMap USA 2005 (49–114 m) and TIGER 2000 (49–106
m) are very close, suggesting that while the ‘enhanced’ version of the TIGER data
results in higher match rates, it does not result in improved positional accuracy.
When reviewing additional statistics (such as the 75th and 95th percentiles) the
diﬀerences between StreetMap USA 2005 and TIGER 2000 in terms of positional
accuracy are small across all four land use types.
When comparing the results for positional error across the four diﬀerent land use
types, urban single family residential addresses consistently come out as the most
accurate with median values of 29, 49 and 49 m for street centrelines, StreetMap USA
2005 and TIGER 2000, respectively. Rural single family residential addresses
consistently come out as the least accurate with median values of 59, 114 and 106 m.
These diﬀerences conﬁrm the ﬁndings from previous studies on the positional error of
geocoding across urban–rural gradients. The lower positional accuracy can be
attributed to longer road segments, larger parcels and greater parcel size variability,
all factors which limit the ability of linear interpolation along a street segment using a
uniform oﬀset to place geocoded locations accurately. The address points employed in
the study are typically located on top of structures and for large parcels in rural areas
these structures are often at greater distance from the road compared to small parcels in
urban areas. The positional error of multi-family residential and commercial,
institutional or industrial addresses is higher than for urban single family residential
but lower than for rural single family residential. While these addresses occur mostly in
urban areas, they typically occur on larger parcels, resulting in larger errors in the linear
interpolation algorithm relative to single family residential addresses. In many cases the
actual buildings are also at some distance from the road so that even a relatively well
placed geocoded location is at a substantial distance from the address point that
represents the building. While the values for the median are very similar for these two
categories, values of the 95th percentile are substantially higher for commercial,
institutional or industrial addresses, indicating the occurrence of a large number of
major outliers. In the case of Volusia County this can be attributed mostly to a number
of very large properties (shopping plazas, schools, etc.).
4.

Conclusions

Repeatability of street geocoding was characterized in terms of completeness and
positional accuracy by using diﬀerent street network datasets to geocode the same
address input ﬁle. Match rates were highest when using local street centrelines from
Volusia County, followed by StreetMap USA 2005 and TIGER 2000 data. Match
rates were highest for urban single family residential addresses, followed by rural
single family residential, multi-family residential, and commercial, institutional or
industrial. Positional accuracy was highest for local street centrelines, while results
for StreetMap USA 2005 and TIGER 2000 were nearly identical. Positional
accuracy was highest for urban single family residential addresses, followed by multifamily residential, commercial, institutional or industrial, and rural single family
residential.
The diﬀerences in geocoding quality across urban–rural gradients conﬁrm the
results from other studies. This study is unique, however, in its characterization of
multi-family residential and non-residential addresses. Geocoding quality for these
types of addresses is lower than single family residential addresses in urban areas.
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Studies that employ geocoding of residential addresses should consider identifying
the portion of multi-family addresses in their sample, as geocoding results for that
portion of the sample may be of lower quality. Studies that employ geocoding of
non-residential addresses should be aware that much of the published literature on
geocoding quality has been limited to residential addresses. Results for nonresidential addresses may be of lower quality and alternative geocoding methods
may need to be considered, in particular for locations consisting of very large
properties (schools, shopping plazas, industrial facilities, business parks, mobile
home parks, etc.).
The enhancement of TIGER 2000 data by commercial ﬁrms resulted in higher
geocoding match rates but not in improved positional accuracy, suggesting that the
improvements primarily consist of temporal updates and/or improved street segment
attributes. Given the very high quality of the address data input the match rates for
TIGER 2000 data in particular were discouraging, suggesting that either enhanced
or updated TIGER data should be employed whenever possible. Recently completed
updates to the TIGER data are expected to result in improved geocoding, but to date
no studies have been published to this eﬀect.
Limitations of this study include the fact that the analysis is focused on a single
small geographic area (Volusia County, Florida) and the speciﬁc results in terms of
match rates and positional error are therefore unique to this area. However, the
general patterns in terms of variability in geocoding quality across diﬀerent street
reference networks and across types of addresses are expected to have broader
applicability. A second limitation is that the address input data was very complete
and highly standardized as the information was derived from an address point
database. Most real-world datasets that contain address information may be of
lower and more variable quality, resulting in lower match rates and positional
accuracy as well as in potential selection bias. Additional limitations include the fact
that zoning information will vary among jurisdictions, which complicates consistent
comparisons between study areas.
This study has highlighted the unique nature of multi-family and non-residential
addresses in terms of the quality of their street geocoded locations. When such
addresses are of speciﬁc interest, alternatives to traditional street geocoding may
need to be considered. The more widespread availability of address point databases
in this regard is a welcome development.
Errors in geocoding are not without consequence and should be cause for
concern in applications that rely on individual level event data. Findings from
empirical studies suggest that the eﬀects of geocoding quality on spatial analysis
depend strongly on the speciﬁc nature of the analysis technique (Zandbergen 2009).
While local cluster detection techniques have been shown to be fairly sensitive to
such errors, broader scale analyses such as spatial regression and global clustering
are less aﬀected. As with any spatial-analytical technique, a good understanding of
both the input data quality and knowledge of the robustness of the technique itself is
required to determine the reliability of the analysis result. In this context estimates of
the completeness and positional accuracy of geocoded dataset can provide the
parameters needed for error propagation modelling.
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