Evaluating a custom address locator built from
public data to improve geocoding results.

Research Report

Master of Geographic Information Systems (GIS) Applications
Vancouver Island University

by Vinh Ly

December 2023



Abstract

In addressing the limitations of online geocoding services, particularly in rural,
remote, and newly developed areas, this study focused on developing and evaluating a
custom address locator using public data for British Columbia, Canada. The study was

proposed to achieve three objectives:

Identify and evaluate suitable data sources from various levels of government and
Statistics Canada to create an address locator. The evaluation criteria focused on public

availability, essential attributes, currency, and supported formats.

Build a custom address locator to improve geocoding results. The custom locator
was built using multiple datasets with different geometry types, allowing for a single
locator that can search for address point locations, interpolated street locations, and points

of interest.

Evaluate the quality of the geocoding results from the custom locator and Google
Maps, focusing on match rate and spatial accuracy in various geographical settings,

including urban and rural areas.

The custom locator performed well compared to Google Geocoding API in match
rate and spatial accuracy, particularly in rural areas. In urban settings, the custom locator
maintained a competitive accuracy level, suggesting its broad applicability across different
geographical contexts. These results highlight the potential of locally tailored geocoding
solutions, leveraging public datasets, to surpass conventional online services in accuracy
and reliability. The study contributes to a deeper understanding of geocoding processes and
underscores the value of custom geocoding tools in improving geocoding services within

British Columbia and potentially other similar regions.
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Chapter 1: Introduction

1.1 Background

Many web-based applications like Google Maps, MapQuest, TomTom, ESRI
Geocoding, and Microsoft Bing are being used by billions of people every month around
the world for different purposes from simple data analysis to complex business and
customer management. For instance, Google Maps can help you find various kinds of
locations including points of interest or names from a gazetteer, like mountains, bridges,
and stores. This can be done by simply entering an address in the search box of Google
Maps, the engine quickly outputs a resulting location of the address with satellite imagery,
aerial photography, street maps, real-time traffic conditions, and route planning for

traveling by foot, car, bike, air (in beta) and public transportation.

The presentation of the address on the map is called geocoding. “Geocoding is the
process of assigning an XY coordinate pair to the description of a place by comparing the
descriptive location-specific elements to those in reference data” (Zandbergen, 2008,
p-215). The logic of geocoding is relatively straightforward. Depending on the geocoding
techniques, it may start with finding a match between an input address and existing address
database (address point geocoding) or interpolating the position of the address within the
range along the segment (street geocoding) or using a gazetteer to look up locations (name

or POI geocoding).

* Address point geocoding: this method returns an exact match from an input address
to address point location in the reference data. This address point is normally placed

at the center of the building or property. This is also called “rooftop” geocoding.
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* Street geocoding: this method matches an input address to a street and a specific
segment then interpolates the position within that segment.

* POI geocoding: this method returns geographical coordinates for an input point of
interest. POI is the name of a location that is useful or interesting, such as a

landmark or a regional park.

Different geocoding techniques can have different results. We may have different

locations from different online maps for the same address.

However, sometimes online maps can’t find an address that we enter. Even worse,
online maps could show us a wrong address. This happens more in rural, remote areas than
in urban centers, and this also more likely happens in new subdivisions than established
neighborhoods. Drivers followed Google Maps and ended up stuck in the middle of
nowhere (CNN, 2019). Many other travellers followed directions from their GPS

navigation and got lost (NPR, 2011).

Several studies on geocoding platforms have reported a significant difference
between urban and rural areas (Chow, Dede-Bamfo & Dahal, 2016). In rural areas or other
places that don’t have high quality street network data and addressing, the geocoded results
are not as expected. In Canada, less than 1% of the country’s total land is considered urban
areas, however 81.56% of total population lived in cities (Statistics Canada, 2011). There is

always a need to improve the quality of geocoding.

Recent studies from Statistics Canada show that “geocoding based on a full street
address is a highly accurate way of assigning geographic coordinates to an individual’s
residential location” (Khan, Pinault, Tjepkema and Wilkins, 2018). However, an address

database is not widely available in many countries. In Canada, address databases are
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limited to municipal levels, and a national address database has been historically
unavailable. As of October 2021, when this study was being prepared, Statistics Canada's
ongoing project to create a new National Address Register (NAR) of residential and non-
residential addresses was initially limited, with the NAR data only open to the Government

of Canada Internal Federal Departments.

However, as of October 24, 2022, significant progress has been made. The NAR now
provides users with an authoritative list of valid georeferenced civic addresses in Canada,
including their corresponding mailing addresses, in a standardized address structure. This
register includes both civic and non-civic address information where available. The NAR,
updated quarterly, is deemed non-confidential and includes addresses extracted from
Statistics Canada's Building Register, validated by two independent data sources. It is
available for free under the Statistics Canada Open Licence, allowing searches by a unique
identifier, address, or geography. This first prototype was developed in collaboration with
Employment and Social Development Canada as part of the Data Strategy Roadmap for the

Federal Public Service.

In British Columbia, many local governments and regional districts share their
addresses through their Open Data portals. Others are improving their address data quality
to meet NENA (National Emergency Number Association’s) standards for the Next
Generation 911 (NG9-1-1) system. In addition, the CRTC (Canadian Radio-television and
Telecommunications Commission) sets a goal to approve the new NG9-1-1 Addressing
standard for Canada in 2022. This is a good opportunity to utilize these datasets to improve

the geocoding results within the province.
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1.2 Problem statement

The core challenge lies in the outdated or unreliable address data of online
commercial geocoding services like Google Maps and Microsoft Bing, particularly in rural,
remote areas and new subdivisions, which is especially problematic in rapidly evolving

regions like British Columbia.

For example, 2045 Pinehurst Terrace in Langford, BC is a new house. It was built in
2021. Figure 1 shows this address on the City of Langford website, and Figure 2 shows it

on BC Assessment website.

I.angford Parcel Information Map (RIS NED X Q

Show search results for 204.

2045 Pinehurst Terr

Parcel Type
Google Street
View
PID
Roll Number
Plan Number
Lot Number

Link

031162843
15250.047
EPP101118
18
LOT 18
SECTION 84
HIGHLAND

DISTRICT PLAN
EPP101118

Legal
Description

Zone
Abbreviation
Zoom to

RCBM2

Bear Mountain Pkwy

0

>

Figure 1 - Map shows 2045 Pinehurst Terrace in Langford (City of Langford website)
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Map Neighbouring properties Sample sold properties

qo¥
o

ns.

2045 PINEHURST TERR VICTORIA
Area-Jurisdiction-Roll: 01-327-15250.047

Total Value $1,197,000
Land $527,000

? Buildings $670,000

1:6. View details

Figure 2 - Map shows 2045 Pinehurst Terrace in Langford (BC Assessment website)

The address is also included in the road network data from Statistics Canada (will be

discussed in Section 5.2). Figure 3 shows the attributes of the road network.

NAME_FULL

CITY_LEFT |  CITY_RIGHT FROM_LEFT | TO_LEFT | PARITY_RGT

NAME_BASE

Pinehurst Terr

Langford Langford

2005 2061 |E Pinehurst

Figure 3 - Attribute table of the road network

However, as of March 2022, Google Maps and Microsoft Bing Map couldn’t geocode

this address. Figure 4 and 5 show geocoding result from Google Maps.
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Q Google Maps b4 +

< > C @ google.com/maps/@56,-96,3z

# BC Assessment ! Manitoba Apps @ Where To Vate - Ele... NetScaler  aes GitHub  esri Return the value of...  esri Best Practi

2045 Pinehurst Terrace Victorid = O @

2045 Pinehurst Way Northeast Victory Heights, Seattle.
2045 Pinehurst Way Heatherton Victoria, Australia
2045 Pinehurst Place Chirnside Park Victoria, Australia

2045 Pinehurst Fairway West Wodonga Victoria, Austra..

QD@

2045 Pinehurst Rise Craigieburn Victoria, Australia

View COVID-19 info X
A
This area -1°

No traffic information to display

Figure 4 — Search result from Google Maps (March 19, 2022) l

A B @ D
Address Country Coordinates Address found
2045 Pinehurst Terrace, Victoria BC canada 48.4284207 -123 3656444  Victoria, BC, Canada
900 Fifth St, Nanaimo, BC canada 49.1565119,-123.9654767 900 Fifth St, Nanaimo, BC VIR 7B4, Canada

Figure 5 — Geocoding result from Google Maps (March 19, 2022)
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Figure 6 shows the result from Microsoft Bing when searching for 2045 Pinehurst Terrace

in Langford.

BY Microsoft Bing u 2045 Pinehurst Terrace Victoria BC

)
4

Oops, there are no results for:
2045 Pinehurst Terrace Victoria BC

Check the spelling, add a city or country.
Report a Problem or Add a Missing Business

Search the web

Figure 6 - Geocoding result from Microsoft Bing (March 19, 2022)

Outdated reference data leads to unsuccessful geocoding. Reference data need to be
updated from time to time. Online commercial geocoding services control their update
schedules, and they are different for each area. If we find errors when using their services,

the only thing we can do is to report to them and to wait for an update.

However, if we have access to reference data and the data is updated frequently, it
may be advantageous to build a custom locator. In geocoding, it's very important that the

reference data has the most accurate and current information.
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1.3 Purpose and research questions

The study developed and evaluated a custom address locator to perform geocoding
services in the province of British Columbia. The locator was evaluated against online
geocoding service provided by Google Maps. Google Maps is selected as an online
geocoding service to measure against because this is the mapping service that almost
everybody is familiar with, and it is easy to set up. The expectation is that this locator, built

from public data, provides better results in rural, remote, and new development areas.

The study area is Vancouver Island. It is the perfect representation of British
Columbia. There are urban areas, small rural areas, and newly developed communities on
the island. More importantly, most address data from regional districts and local
governments are available and free to download. In areas where address data is not

available, data from Statistics Canada has been utilized.

This study proposes a way to develop and evaluate an address locator built from

public data and hopes to achieve the following objectives:

1. Identify and evaluate suitable data sources from different levels of government and

Statistics Canada to create an address locator. Data sources are in point

(address/points of interest) or polyline (road network) format. Data sources must be

current, and they must include the required attributes to create an address locator.

2. Build a custom address locator to improve geocoding results. A multi-role locator

combines multiple datasets with different geometry types (points, polyline,
polygon). This allows us to have a single multi-role address locator that can search
for address point locations, interpolated street locations, and points of interest

(POI).
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3. Evaluate the quality of the geocoding results from the custom locator and from

Google Maps. Any significant differences of geocoding quality (match rate, spatial
accuracy) in different areas (such as rural, urban, or new subdivision, etc.) of each

geocoding method are identified and evaluated.

The expectation is that, provided the reference data is accurate and updated
frequently, the custom locator constructed from these reference datasets yields a higher
matching rate and enhanced spatial accuracy, particularly in specific areas such as new

subdivisions, rural or remote regions within the study area.

In addition, this study is designed to aid large organizations, such as local
governments and provincial agencies, in determining if developing a custom locator is a
consistent and operationally suitable method that meets their specific needs. This evaluation
helps these organizations in devising an overall geocoding strategy, emphasizing the
custom locator's potential to enhance operational efficiency and accuracy in various
geographical contexts, particularly in areas where existing commercial geocoding services

may be less effective, such as new subdivisions, rural, or remote areas.
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Chapter 2: Literature Review

2.1 What is geocoding?

Geocoding can be defined as an “act of turning descriptive location data such as a
postal address, a named place or feature into an absolute geographic reference” (Goldberg
etal., 2007, p.33). It is one of the basic geoprocessing operations and very useful in many

spatial analyses.

Several geocoding services and software exist today. The literature regarding
geocoding methods, the match rate and the accuracy of geocoding results are well
documented. For that reason, this study does not discuss in detail the information regarding
the mathematics and computational technology underlying the science of geocoding. There
are many studies about different geocoding techniques and various ways to increase

matching rate and to improve geocoding accuracy.

2.2 Different geocoding methods

There are three main standard geocoding methods: street geocoding, parcel
geocoding, and address point or rooftop geocoding (Zandbergen, 2008). All three methods
rely on a matching algorithm, which determines the location of input addresses from the
reference datasets. Accurate, up-to-date reference datasets and valid input addresses are the
two main components required for the geocoding process. Reference datasets typically
include street network (polyline), parcel (polygon), and address point data (Zandbergen,

2008).

Street geocoding, or address interpolation, is one of the most popular and widely used
method. This method involves matching input addresses to the street names and address

ranges in the street table. When there is a match, the location of the address is created after
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computation of the proportion of the address range associated with the correct side (odd or
even) of the street segment. This method is based on several assumptions and

unfortunately, they are not always true:

* Even house numbers are on one side of the road segment, and odd house numbers
are on the other. However, in many cases, even and odd number house are on the
same side.

* Houses are evenly distributed along the length of the road segment: this is almost
never true in reality. In some cases, geocoded addresses are off by several hundred

meters, even tens of thousands of meters if these addresses are in rural areas.

Parcel geocoding is the technique of matching input address to the centroid of the
parcel. Although the technique is generally assumed to return more accurate results, it also
has been found to introduce spatial accuracy, particularly for a large parcel, since the true

address location may not necessarily be at the center of that parcel (Zandbergen, 2008).

Address point geocoding, or rooftop geocoding, is the most accurate method. The

input address is matched to the point reference data, which is the precise location of a
building structure. A case study of the City of Chino, California demonstrates that an
accurate and complete set of address database is a superior solution to street centerline or
parcel geocoding (Kellison, 2012). Currently, the majority of address files are accurate to
the building footprint level. The quality of address database inproves every year because of
the requirements for the Next Generation 9-1-1 emergency call routing systems. The new
systems are being deployed across Canada, mostly at city, regional levels and often include
the development and maintenance of an address point database. Geocoding systems based

on the address-matching method have been used for decades. This method has several
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limitations, such as: the coverage, the required database maintenance, and the need for
standardizing input address (Lee, 2009; Karimi et al., 2011; Zandbergen, 2008). Despite
efforts made to improve the address based geocoding systems, the limitations involved

have not been completely resolved (Lee, 2009).

Other geocoding techniques are postal code geocoding (matching the address with
postal code centroid) and place-name geocoding (matching the address with populated
places/landmarks). Address point or street geocoding method is a highly accurate way of
assigning a location to input address. However, for some areas, address information is
usually not available. In addition, depending on the type of the research, such precision is
not required. For example, postal code geocoding could be used to assign characteristics
such as neighbourhood socioeconomic variables, or to obtain census denominator data for a

geographically defined at-risk population.

2.3 Address Parsing, Normalization and Matching Algorithms
As discussed above, geocoding is the process to find a match between input address

and address from reference data.

Input addresses can be classified into two categories, referred to as relative and
absolute (Goldberg, 2008). Relative input data are the textual descriptions of a location
which, alone, cannot output a spatial representation of that location. Such data outputs a
relative geocode, which is dependent and geographically relative of other reference
locations. (Goldberg et al., 2008). An example of relative input data would be “White
building east of the Home Hardware store”. They are considered invalid addresses and are

not supported by most geocoding techniques. Absolute input data are defined as textual
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location descriptions which on their own can produce an output geographic location, such

as “900 Fifth St, Nanaimo™.

There are many problems that make matching input addresses with reference
addresses challenging. From spelling to formatting, different people input the same address
very differently. For example, all of the following addresses are referring to the same

house:

555 St Patrick St, Victoria, BC

555 Saint Patrick Street, Victoria, BC

555 Saint Patrick St., Victoria, BC

555 St. Patrick St., Victoria, BC

555 St. Patrick Street, Oak Bay, BC

555 Saint Patrick St., Oak Bay, BC

We can easily tell these addresses are the same location despite a few spelling,

formatting, and naming differences. One of the first crucial steps is to help the geocoding

system understand these similarities and differences.

In addition, reference data from different sources are created and stored in different

formats. This makes comparing and matching addresses even more complicated.

The house mentioned above is located in the District of Oak Bay, and its standard
address (reference data) is 555 ST PATRICK ST, OAK BAY, BC, as defined in Figure 7,

taken from Oak Bay’s GIS Online Map.
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DISTRICT OF

OAKMBAY

Parcels, Parcel

Description

Parcel ID: 009323562
Address: 555 ST PATRICK ST
Sq Foot: 10,886

Date Built: 1935

Zoning: RS5

Figure 7 - 555 ST ST PATICK ST
To successfully match the input addresses to standard address, these input addresses
must be transformed into the form and format used by the reference data layers. This
process is normally accomplished in two steps — address parsing and address normalization

(Goldberg, 2013).
2.3.1 Address parsing

Address parsing is the process of decomposing an address into the different
components it is made of. Input addresses are split into individual components (Goldberg,

2013). For example, the above addresses could be parsed into the set of attributes as follow:

UnitNumber HouseNumber PrefixDirection StreetName StreetType SuffixDirection CityName Province

555 St Patrick St Victoria BC
555 Saint Patrick Street Victoria BC
555 Saint Patrick St. Victoria BC
555 St. Patrick St. Victoria BC
555 St. Patrick  Street OakBay BC
555 Saint Patrick St. OakBay BC

Figure 8 — An lllustration of Parsed Address Formatting
One or more techniques can be used to populate input address data into correct
attributes and send them to the next process. There have been many efforts to simplify the

address parsing process. From rule-based techniques to probabilistic approaches, a lot of
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progress has been made in reaching an accurate segmentation of addresses (Marouane et
la., 2021). The easiest way to parse an address is by applying a regular expression (regex).
This technique creates a search pattern to identify patterns in input address. It is useful
where the input is predictable, and in regular form. The above address, 555 St Patrick St
Oak Bay BC, is an example. Rule-based techniques are limited in terms of classification
and require intense domain knowledge. Other techniques using probabilistic methods
mainly based on Hidden Markov Models (HMM) and Conditional Random Fields (CRF).
Probabilistic method proposed a large scale HMM-based parsing technique capable of
segmenting a large number of addresses whilst being robust to possible irregularities in the
input data (Li et la., 2014). Another statistical model is Libpostal. This is a professional tool
for address parsing. The main difference from other address parsers is that the Libpostal
uses machine learning and it's trained with millions of real-world addresses from open data

sources.

2.3.2 Address normalization

After the input addresses have been parsed, these components are formatted and
cleaned to comply with the reference address standards, including special character
removal, abbreviation and encoding conversions. Different normalization approaches can
be used in this process, including substitution, context and probability-based normalization
(Goldberg, 2010). Substitution-based normalization makes use of lookup tables for
identifying commonly encountered terms based on their string values. This method
substitutes correct abbreviations and eliminating (some) extraneous data. Other method,

context-based normalization, makes use of syntactic and lexical analysis to identify the
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components of the input address. Probability-based normalization makes use of statistical

methods to identify the components of an input address.

In most instances of reference data, 'Street' in StreetType is typically stored as the
abbreviation 'ST'. Similarly, 'Saint' in StreetName is commonly abbreviated as 'ST'.
Additionally, it is a general practice to store all address components in upper case.
However, it's important to note that there may be variations in these conventions depending
on the specific reference data standards or systems in use. The normalization algorithm

transforms these input address into the following addresses:

UnitNumber HouseNumber PrefixDirection StreetName StreetType SuffixDirection CityName Province

555 ST PATRICK ST VICTORIA BC
555 ST PATRICK ST VICTORIA BC
555 ST PATRICK ST VICTORIA BC
555 ST PATRICK ST VICTORIA BC
555 ST PATRICK ST OAKBAY BC
555 ST PATRICK ST OAKBAY BC

Figure 9 — An lllustration of Normalized Address Formatting

2.3.3 Matching algorithms

Matching algorithms are algorithms used during a geocoding process to select the
correct reference feature in the reference dataset that represents the input data (Goldberg,
2008). Alternative matching algorithms are used to find a likely match for input address if
an exact match cannot be found. For example, one of the approaches uses algorithms to
identify all the possible variations of why addresses won’t match. These variations could
include missing data from input address, spelling errors, abbreviations, acronyms, name
variations, etc. This technique identifies the probability that two records are a match based
on these predetermined parameters. Another approach removes attributes of the input

address and re-attempt to find a match with a subset of the original attributes (Goldberg,
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2013). This process, known as address relaxation, removes attributes one by one and then
in combination, typically in a specific order. This approach tries to account for input data
that are missing or have incorrect attribute values that would prevent an otherwise
successful match. Additional approaches include word stemming or phonetic algorithms
(Goldberg, 2008). Word stemming is a technique that reduces a word in input address to its
root (stem) then uses it to identify a match. Phonetic algorithm, like SoundEXx, is a different
technique represents a word in terms of how it sounds when it is pronounced. It is used to
identify a match between the names having the similar pronunciations regardless of their

spelling.

The matching algorithm can result in one or more than one candidate feature from the
reference data that match the input address. Each of these candidates has a match score
assigned that conveys match quality through precision level, faults, and overall score. The
match score is calculated based on how well the locations found in the reference data match
with the input address data being searched. A score of 100 means an address with the exact
name was found in the address locator and a score of 0 means no such address was
found. The score tells the level of similarity between the attributes of the input address and
the attributes of the candidate feature. A partial match has a lower score set by the user
(Goldberg, 2008). If a minimum score is not met, the candidate feature is be considered a
non-match. However, if a minimum match score is set too low, which may increase the
match rate, the process results false positives. In this case, candidates that should not have
been matched but were reported as a match. Likewise, if the minimum match score is set
too high, candidates that should have been matched may be ignored, which could

unnecessarily reduce the match rate.
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Recently, the matching algorithms has been improved by advances in machine
learning. The process using machine learning was able to deal with human errors, including
spelling errors, in input addresses to match addresses accurately (Lee et al., 2020).
Machine-learning models find patterns in massive datasets, learn from those patterns, and
then become more accurate over time without the need for further programming. A recent
study proves that extreme gradient boosting (XGB) method, with the optimal hyper-
parameters, was the best machine learning method with the highest accuracy in the address
matching process, and the accuracy of XGB outperformed similarity metrics when using
training data or input data. The performance of XGB was also consistent across different

kinds of input data (Lee et al., 2020).

2.4 Geocoding quality

The quality of geocoding results depends on the geocoding methods, the accuracy and
completeness of reference database, the quality of input address, and the matching
algorithms. Recent research suggests the four criteria used to measure the quality of
geocoding results should include match rates, match types, match scores, and spatial
accuracy (Goldberg, 2013). Other mentions the quality of any geocoding result can be

characterized by completeness, positional accuracy, and repeatability (Zandbergen, 2007).

Spatial accuracy, or positional accuracy, is the distance between geocoded locations
and their corresponding true locations on the ground. The match rate, or completeness, is
the percentage of addresses that are successfully geocoded. The match type is an indication
of the reference data layer (rooftop or address point, street, parcel, etc.) used to create a
match and is often used as a heuristic to evaluate the suitability of geocoding results for a

particular purpose (Goldberg, 2013). The rooftop match type is considered the most

18| Page



accurate type. Parcel geocoding produces more spatially accurate results than street

geocoding.

The match score is based on how well the locations found in the reference data match
with the address data being geocoded. The match score is a crucial metric in geocoding,
quantifying the degree of similarity between the address data being geocoded and the
locations found in the reference data. This score is calculated based on several factors.
Firstly, it considers the accuracy of each address component, such as street name, number,
city, and postal code. A higher score is assigned when there's a precise correspondence
between these components in the input address and the reference data. Additionally, the
match score takes into account the completeness of the address. An address with more
complete information (e.g., including street number, name, city, and postal code) is likely
to yield a higher match score compared to an address with missing components. Another
factor influencing the match score is the proximity of potential matches. If multiple
potential matches are found in the reference data, the location closest to the input address,
based on geospatial data, may be given a higher score. Finally, the match score can also be
affected by the reliability or recency of the reference data. More recent or verified data can
contribute to a higher match score, reflecting greater confidence in the match. In summary,
the match score is a composite measure derived from the accuracy, completeness,
proximity, and reliability of the data match. It serves as a key indicator of the likelihood
that a geocoded location accurately represents the input address. “Repeatability indicates
how sensitive the geocoding results are to variations in the street network input, the
matching algorithms of the geocoding software, and the skills and interpretation of the

analyst” (Zandbergen, 2008, p.220).
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There are many sources of error that may affect the quality of a geocoding process.
The quality of geocoding outcomes depends on the degree of urbanization, land use, the
reference data. Errors in geocoding can be considerable in amount, and its distributions are
not normally distributed (Zandbergen, 2007). They can be categorized into 3 main types:
data input errors, reference data errors, and errors related to the underlying geocoding
process (Zandbergen, 2007). Bad quality and inconsistency of the input addresses (e.g.,
spelling errors, different formatting) often cause errors and reduce matching rate. It may be
necessary to standardize and normalize the addresses before geocoding process, as
discussed previously in Section 4.3. Reference data is one of the key elements in geocoding
process. However, errors in the reference data also cause poor matching quality (e.g.,
incorrect address ranges or missing street names), and incorrect geocoded locations (e.g.,
incorrect geometry of reference data). One of the main challenges to accurate geocoding is
the availability of good reference data (Zandbergen, 2008). Spatial accuracy would be

improved significantly by more accurate input addresses and better reference datasets.

This study focuses on 2 of the most common quality metrics: spatial accuracy and
match rates. Several studies have found that the accuracy of geocoding results is depending
on the geographical area (Schootman et al. 2007; Khan et al. 2018). Spatial accuracy and
matching rates in urban areas are substantially better than in rural areas. In rural areas,
street segments are longer, which may magnify interpolation errors. In addition, residential
addresses have historically been rural routes used by mail carriers and not indicative of the

physical location of a residence.

Other studies showing a more accurate geocoding for addresses located in urban areas

compared to rural areas when geocoding addresses using street data. In other words, “error
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was found to increase as population density decreased” (Michael and Thomas, 2003). In
this street geocoding method, geocoded location of each input address is estimated based on
the range of numeric values between the starting and ending nodes for each street segment.
The distance from the geocoded location to the actual location of the address varies
depending on different areas. They found that, in rural areas, up to 95 percent of the
addresses geocoded to within 2,872 m of their true location while the same 95 percent of
the addresses in urban areas geocoded to within 152m of their true location. As mentioned
above, in rural areas, streets are longer with fewer houses and fewer intersections, which
cause interpolation error. In addition, street addresses are often lack of street number. It is

difficult to maintain and update the map database in rural areas for address-matching.

Another research shows that the matching rate of address points is lower but
comparable to street address while the parcel geocoding has a much lower matching rate
(Zandbergen, 2008). One of the reasons why parcel geocoding has a lower matching rate is
that a single parcel can be associated with many addresses (i.e., an apartment building with
many units, commercial sites, etc.) but these addresses are not always captured in the parcel

database.

Although advanced geocoding software has been introduced, which provides more
flexibility to assist each user’s requirement and geocoding characteristics, it is assumed that
there are no perfect geocoding techniques without good, reliable reference data. The
accuracy of the output geocodes can range from representing the center of a roofline to the
centroid of a small town/community, if we don’t have detailed data (address points/road

network) in the area.

2.5 Address styles and geocoding in Canada
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Canadian addresses are similar to US addresses, but there are some differences.
Unlike the ZIP codes in the US, which have 5 digits, Canadian postal codes are
alphanumeric and have 6 characters, in the form “ANA NAN” where “A” is an alphabetic
character and “N” is a numeric character (Canada Post, 2021). For example, the following

is the standard address of Vancouver Island University in Nanaimo, British Columbia (BC):

900 Fifth Street

Nanaimo, BC

VOR 585

The first 3 characters (VIR) is Forward Sortation Area (FSA). It identifies a major
geographic area in an urban or a rural location. Every province and territory have a code
letter that makes the first character of the FSA. In the above example, V is BC. The second

character of the FSA identifies either urban (1-9) or rural area (0). The third character of the

FSA describes the exact city, town, or other geographic area.

- \
A \ [ <]
° 0 (Eastem Ontario)

(Meropoiitan Toronto)

Figure 10 - The first character of the FSA segment identifies one of the 18 major geographic areas,
provinces, or districts (Canada Post, 2021).
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The last 3 characters (5S5) is Local Delivery Unit (LDU). LDU helps to identify the
smallest delivery unit in an FSA. They help to identify specific city block, single building,

or a specific rural community (Canada Post, 2021).

In population centres, a single postal code may correspond to the following types of LDU:

*+ a block-face (one side of a city street between consecutive intersections)

¢ a2 community mailbox (commonly called super mailboxes)

* an apartment building

¢ 3 business building

* alarge firm/organisation that does considerahle business with CPC

* 3 federal government department, agency or branch

¢ a mail delivery route (rural, suburban or mobile)

* general delivery at a specific post office

* one or more post office boxes.

Table 1 - A list of individual features that are represented by their own local area unit (LDU) in
urban and rural areas (Statistics Canada, 2011)

In Canada, the most popular approach to geocoding involves the use of street
addresses and postal codes. Traditionally, postal codes are geocoded based on the Statistics
Canada geocoding methodology that links postal codes to geographic areas. However, this
approach can lead to biased results in accessibility or spatial pattern analysis studies as
postal codes (particularly those in rural areas) are at times displaced at far distances from
actual residences. The literature on geocoding based on postal codes shows much less error
in urban areas than in rural areas (Khan, Pinault, Tjepkema and Wilkins, 2018). In urban
areas, postal code points are generally geocoded at the block face or to a street block that is
aligned with the street network, precisely at the centre of a street block between two
intersections. One street block, or block face is commonly equivalent to one postal code. In
rural areas, when postal code points cannot be geocoded at the block face, they are then

geocoded to the dissemination block (centroid of dissemination blocks) or weighted
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dissemination areas (Statistics Canada, 2013). Therefore, rural and small-town postal codes

have the highest levels of error.

Address management primarily falls under the jurisdiction of local governments.
These authorities are responsible for naming streets and areas, as well as assigning numbers
to buildings and houses, necessitating the regular updating of their address databases. This
process includes handling unique cases such as properties without street access, relying
solely on water or air for connectivity. Additionally, with the constant development of new
roads and buildings, various government levels are involved in continuous updates. This
dynamic landscape poses a challenge for many online geocoding services, which may
struggle to frequently refresh their databases, potentially affecting their match rates and
accuracy consistency. Many geocoding services lack transparency regarding the specific
dates of their map updates. Google, for example, asserts a continuous update process,
stating, “The map is perpetually evolving, with updates occurring every moment of every
day. This constant evolution is fueled by new data from diverse sources, including satellite
imagery, Street View expeditions, and inputs from Google Maps users and local businesses.
All this information collaboratively contributes to the ongoing refinement of the map”
(Google, 2019). Nevertheless, the frequency and immediacy of these updates can vary

significantly based on geographical location and the specific data demands of the users.

2.6 Online geocoding vs desktop geocoding

Geocoding can be conducted either through an online web service, known as online
geocoding, or via tools available in desktop software installed on a local computer, referred
to as desktop geocoding. A web service parses input address list and compare them to the

potential candidates within the reference database of service. These reference databases are
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stored, maintained, and updated by a remote hosting server. This web service, or web
application programming interface (API), creates best-matched addresses as the output list.
Google Maps, Bing, ArcGIS Geocoding Service, Mapbox and TomTom Geocoder are the

most popular online geocoders.

Desktop geocoding involves the same process, but users need to obtain the
reference data set, create an address locator, and customize matching parameters. This
method is a time-consuming process and requires a professional. ArcGIS desktop is the

most widely used commercial desktop application for geocoding.

Compared to desktop geocoding, the online method is easy to use, requires no client-
side software, and keeps the users free from the burden of acquiring and preparing the
reference datasets and it is faster (Roongpiboonsopit and Karimi, 2010). However, the
matching algorithm and reference data, remained unknown to most users (Chow, Dede-

Bamfo & Dahal, 2016).

Online geocoding services may have reference data across much of the Earth, but
some organizations may have the most current and better reference data for specific areas.
Depending on the quality as well as the update frequency of reference data sets, there may
be a great difference of geocoded results in terms of positional accuracy and matching rate.
“If the data that your organization manages is updated frequently and you need to search
the most current data, it may make sense to build a custom locator” (ArcGIS Pro 2.8,

Introduction to custom locators).

2.7 Single-role vs multi-role address locator
The address locator is one of the major components in the geocoding process. It

defines the techniques to be used by the geocoding engine in interpreting addresses against
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the rule base files (ArcGIS, 2003). It contains a snapshot of the reference data used during
the geocoding process. There are many variables and parameters that must be set for
successful geocoding. That includes locator styles, reference data, geocoding method. The

address locator is where these settings are maintained.

Many desktop GIS software allow users to create a custom locator to geocode using
their own data. If we have good reference data such as street centerlines, parcels, or

building location layers, it may be advantageous to build an address locator.

With reference data, we can create a single-role or a multi-role locator. The locator
role defines the type of data that is being used (address point, road network, postal code,
point of interest) and provides the appropriate fields to use when building the locator and

the information returned in the geocoding results.

A single-role (or single-stage) locator may contain one of the following main types:
address points (street address based on points that represent house and building locations),
parcels (polygons may include one or more addresses), street address (address based on
streets where the house number is interpolated from a range of numbers). Other types are

points of interest, postal codes.

The multi-role (multi-stage or hybrid) locator can be used to combine multiple data
layers with different geometry types (points, polyline, and polygon) from various sources
and multiple locator roles into a single locator. This integration allows for a single locator
that is capable of searching for rooftop locations, interpolated street locations, points of
interest, and postal codes (ArcGIS Help). It's important to note that online geocoding
services are typically designed to be multi-functional by default. This inherent versatility

enables them to efficiently handle various types of geospatial data and queries, making

26| Page



them a robust solution for diverse geocoding needs. Figure 11 shows Create Locator tool in

ArcGIS Pro.
Geoprocessing > A x
© Create Locator @

Parameters Environments

Country or Region -
Canada b
Primary Table(s) @ Role
BC_Address_Points_Vancouverlsland e Point Address b
BC_roads_Vancouverlsland - Street Address -
Sites_Vancouverlsland A POI -
Field ‘«‘Iapa'ng

Figure 11 - Create locator tool that has three roles in ArcGIS Pro 2.9

In most cases, the multi-role method has a higher match rate than the single-role
method. In their study, the multi-role method (including street network and parcel data) had
a 99% match rate while the single-role method (including street network data) had 95%

match rate (Lovasi et al., 2007).

Other studies also proved that match rate could be increased with the implementation
of the multi-role geocoding approach (Goldberg, 2011; Sonderman et al., 2012). This
approach combines multiple reference datasets and matches the input address with the most

accurate and reliable address reference first.

For example, with the multi-role locator that has Point Address Role, Street Address

and POI Role above, the results from geocoding the following 4 input addresses.
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Address CITY

1269 TATTERSALL DRIVE  VICTORIA
1267 TATTERSALL DRIVE  SAANICH
1120 FORT 5T VICTORIA
2633 SHELBOURME 5T VICTORIA

Figure 12 — Input addresses

are 4 addresses as follow:

Match_addr Score Addr_type

1269 TATTERSALL DRIVE, SAANICH 97.18 PointAddress
1267 Tattersall Dr, Saanich 100 StreetAddress
1120 Fort St, Victoria 100 StreetAddress
2633 SHELBOURME ST, VICTORIA 100 PointAddress

Figure 13 — Geocoding results
1269 Tattersall Dr could have a 100 match score against the Street Address. However, a
97.18 score against Point Address is a better result because Point Address, or rooftop, is

more accurate than interpolated street locations (Street Address).

Geocoding street addresses often leads to ambiguous results, especially when
dealing with non-existent locations. For instance, consider the hypothetical address 1267
Tattersall Dr. In reality, this address doesn't exist, but when subjected to geocoding, it
might still yield a high accuracy score. This occurs because geocoding doesn't always rely
on specific, existing point addresses — precise geographic coordinates for individual
buildings or parcels. Instead, it sometimes uses a method called address interpolation. This
method estimates an address's location based on known addresses in its vicinity, fitting
within the numerical range of a street's existing network. In the case of 1267 Tattersall Dr,
while there's no actual building corresponding to this number, it falls within a plausible

range of the street's address sequence. Consequently, it receives a high score in street
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address geocoding, despite not being a real location. Such scenarios highlight a critical
limitation of address interpolation in geocoding: it can sometimes produce misleading
results by suggesting the existence of addresses that are, in fact, fictional or erroneous.
Figure 14 displays the attributes of a section of Tattersall Drive, including the road range

that covers the address 1267 Tattersall Drive.

3C_roads_Vancouverlsland

| HWY_EXiT | SINGLE ADD | PARITY_LFT | NAME_BASE | FROM_LEFT| TO LEFT | PARITY_RGT | FROM RIGHT| TO_RIGHT | RD_LN_REST |\
v [ 0[E [Tattersall | 1262 | 1268 [0 [ 1251 1269 |

Figure 14 - Attribute Table for a Section of Tattersall Drive

L]
<]
1:4,150 - || B st SI} - 1,195,883.73E 386,252.03N m v
Field: E Add @ Calculate = Selection: P@ Select By Attributes QEé Switch
Status Score Match_type Match_addr LonglLabel ShortLabel Addr_type _T
1 M 97.18 A 1269 TATTERSALL DR, SAANICH 1269 TATTERSALL DR, SAANICH 1269 TATTERSALL DR PointAddress
2 | M 100 A 1120 Fort 5t, Victoria 1120 Fort St, Victoria 1120 Fort 5t StreetAddress
3 M 100 A 2633 SHELBOURNE ST, VICTORIA 2633 SHELBOURNE ST, VICTORIA 2633 SHELBOURNE ST PointAddress
4 M 100 A 1267 Tattersall Dr, Saanich 1267 Tattersall Dr, Saanich 1267 Tattersall Dr StreetAddress

Figure 15 — Example results from geocoding in ArcGIS Pro 2.9

Compared to three single-role locators, one multi-role locator (that has three roles)
reduces redundant information and minimizes duplicate geometry. This process of
minimizing duplication can decrease the size of the locator and improve locator
performance and candidate sorting. For example, with 3 single-role locators, we have up to

6 matches for the above 4 input addresses (2 from Address Point locator, 4 from Street

Address locator):
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* 2 matches from Address Point locator (1269 Tattersall Dr and 2633 Shelbourne St).
* 4 matches from Street Address locator (1269 Tattersall Dr, 2633 Shelbourne St,
1267 Tattersall Dr and 1120 Fort St).

* 0 match from POI locator.

In summary, this literature review has highlighted the multifaceted nature of
geocoding, covering various methods, challenges, and evolving technologies. From the
nuances of different geocoding techniques to the intricacies of address parsing,
normalization, and matching algorithms, the field demonstrates both complexity and
dynamism. Advances in machine learning and multi-role address locators signify progress
in addressing historical challenges, such as spatial accuracy and matching rates. However,
the quality of geocoding outcomes remains dependent on numerous factors, including the
urbanization level, land use, and the quality of reference data. As geocoding continues to be
integral in a wide range of applications, from urban planning to emergency response,
ongoing research and development in this area are critical. Future studies may focus on
enhancing the accuracy of geocoding in rural and less-densely populated areas, improving
the integration of various data sources, and further exploring the potential of machine
learning in refining geocoding processes. Such advancements are essential in an
increasingly data-driven world where the precision and reliability of geospatial information

hold significant value.
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Chapter 3: Methodology

3.1 Research Design

In this study, reference data such as address points, roads, points of interest (POlIs),
and locality were sourced from Statistics Canada and various government levels, with an
evaluation undertaken to ensure they meet specific requirements. A multi-role address
locator, created from reference data, was used to geocode input addresses obtained from the
online voter registration records of Elections BC. The same set of input addresses was also

geocoded using Google's Geocoding API.

The evaluation of the geocoding results from both methods focused on match rate
and spatial accuracy. This evaluation included a comparison of the performance of the
custom locator with Google's Geocoding API, specifically in urban and rural areas of

Vancouver Island.

Vancouver Island was chosen as the study area for its representation of British
Columbia's varied landscapes and community structures. The island included urban centers,
rural areas, and developing communities, offering a diverse setting for a geocoding study.
This selection provided an opportunity to examine different types of addresses across
various environments. The island's mix of locations allowed for the analysis of urban and
rural geocoding results, making it a suitable choice for studying the match rate and spatial
accuracy in a region with diverse characteristics. The study on Vancouver Island offered
insights into geocoding processes applicable to similar regions in British Columbia and

beyond.
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3.2 First objective: identify and evaluate suitable data sources from different levels of

government and Statistics Canada to create an address locator.

3.2.1 Identify suitable data sources:

In this study, an address locator was developed utilizing ArcGIS Pro software, and
suitable data sources containing the necessary address information needed to be identified.

Data sources that were considered are:

* Address point files: address point files in GIS typically represent individual
buildings or units within a building. Each point in these files is a precise geographic
location. Each address point in the file is associated with a specific set of geographic
coordinates, usually provided in latitude and longitude. Along with geographic
coordinates, address point files typically include detailed address information. This
can include the street address, building number, unit number, city, postal code, and
sometimes additional information such as the building name or complex.

* Road network data: These files contain the geographic coordinates of street
centerlines and can be used to identify the location of addresses on a particular
street. Additionally, they include attributes like road names, and ranges for address
numbering on both sides of the street, specified as 'left range from', 'left range to',
'right range from', and 'right range to'.

* Points of interest (POI) files: These files contain the geographic coordinates of
places like businesses, schools, hospitals, and parks. They include some main
attributes such as name of POI, Categories (Feature Type), Latitude/Longitude.

They can be used to create POI-based address locators.
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* Locality: each feature represents a particular administrative area such as city,

region, territory, and so on. They have City/Municipality role in the locator.

These data sources must be available in either point (addresses/points of interest),
polyline (road network), or polygon (locality) formats and were carefully evaluated and

filtered to ensure they meet the study's requirements.

Below is a list of requirements for the reference datasets:

* Public Availability: The datasets must be freely available to the public. This was
ascertained by confirming that each dataset could be accessed without restrictions or
fees.

 Up-to-Date: The datasets must be the most recent versions available. This was
verified by checking the publication dates and update logs from the data sources.

* Reliability: The sources of the datasets should be credible and well-established to
ensure that the data can be trusted. This is achieved by prioritizing data from
authoritative entities such as Statistics Canada and official government websites.

» Comprehensive Attributes: The datasets should include all the essential attributes
required to accurately construct an address locator. This was ensured by cross-
referencing the dataset contents with a list of required attributes. For instance,
address points should include essential details such as the building number, street
name, and city.

* Supported Formats: The data should be in formats that are compatible with
geocoding processes. For example, the datasets should ideally be in a Geographic
Information System (GIS) compatible format such as shapefiles (.shp), file-

geodatabases, KML, or CSV formats.
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* Spatial Reference: Each dataset must include a spatial reference, , checked by
examining the metadata for spatial referencing information.
* Valid Shape or Geometry: The datasets must contain valid shapes or geometries,

verified using ArcGIS Pro software.

In the context of identifying suitable data sources for an address locator in this
study, the consideration of postal codes was deemed out of scope due to several constraints.
Primarily, postal code data is not freely available to the public. Unlike other datasets,
obtaining comprehensive and up-to-date postal code information typically involves dealing
with proprietary sources, such as Canada Post or other data vendors, which can be quite

expensive.

3.2.2 Data collection:

For the purpose of this study, a variety of data sources were obtained from Statistics
Canada, the BC Data Catalogue, and different levels of local government. Statistics
Canada, as the national statistical office, played a crucial role by providing a reliable
variety of data types. The BC Provincial Government created the BC Data Catalogue to
assist users in finding data, applications, and web services. Many local municipal
governments in BC have developed online maps and established their own open data

portals. These portals enable users to explore and download GIS data free of charge.

Address points: address point data was collected from the BC Data Catalogue and
Statistics Canada. Additional address points were downloaded from regional districts and
local governments on Vancouver Island wherever they were available. Some data were
sourced from websites, while others were obtained through contact with the

GIS/Engineering Department. When the address data was in polygon format, such as parcel
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or building footprint, rather than point format, additional steps were taken to meet the
necessary standards. This involved generating a 'centroid feature class' from the parcel
polygon, thereby creating a point feature class. The 'Feature to Point' tool in ArcGIS Pro
was utilized to accomplish this task The dataset was then refined to exclusively include

addresses located within Vancouver Island, the study area.

Road data: road network data was sourced from Statistics Canada and numerous
municipal governments. The data specific to Vancouver Island were subsequently extracted

for use in the study.

Points of Interest (POIs): Points of Interest data was obtained from Statistics
Canada and the BC Data Warehouse. A comparison was conducted on both datasets to
determine which one would be the most appropriate for the creation of an address locator.
The requirements for key attributes like name, type of POI, and latitude/longitude are very
important. The name should clearly and accurately identify the POI. The type should be

specific enough to distinguish different kinds of POIs (e.g., restaurant, hospital, park).

Locality: locality data was sourced from BC Data Warehouse. The data specific to
Vancouver Island were subsequently extracted for use in the study. Reference data for

locality role locator must have a field that specifies the locality name for the feature.

3.3 Second objective: build a custom address locator.

The second objective of this research is to build a custom address locator. Presently,
there is a range of both commercial and open-source geocoding solutions available. Among
these, the ESRI geocoding tool stands out for its consistency and user-friendly approach.
Furthermore, most public datasets utilize ESRI's file formats. For the scope of this study,

ArcGIS Pro was employed to create a multi-role address locator.
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Creating a multi-role address locator in ArcGIS involves the combination of
multiple datasets, in this study, address points from local governments, road data from

Statistics Canada, Points of Interest (POIs), and locality from the BC Data Warehouse.

The three acquired datasets satisfy the essential criteria for use as reference data in
creating an address locator. However, it is crucial to complete a thorough data preparation

process before proceeding to build the locator.

3.3.1 Preparing the data:

The address points data, sourced from various origins, need to be combined into a
single dataset. To manage and streamline this complex process effectively, a model has
been developed with the capability to rerun and apply the same essential processes when
there are updates or modifications in the data provided by local government. The model
executed various geoprocessing tasks on different datasets. These include converting
polygons to points, adding new fields, and populating these new fields with values from
existing files, among other processes. A printed version of this ArcGIS Pro model, for

reference and visual aid, is available in Appendix B.

3.3.2 Create a multi-role address locator:

The multi-role locator is identified as the most appropriate locator style for
supporting the data types in this study. The creation of a locator is characterized by the
selection of reference data— including address points from local governments, road data
from Statistics Canada, Points of Interest (POlIs), and locality from the BC Data
Warehouse. It involves determining the correct locator role for the reference data and

mapping the appropriate data fields to those from the selected locator role.
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The process of setting up a multi-role locator with the Create Locator tool is

described as a multi-faceted configuration process:

» Reference Data Selection: Each dataset is specified as reference data using the
Create Locator tool, aligned with the respective role it fulfills in the geocoding
process.

* Role Determination: The role for each dataset is defined within the Create Locator
tool’s interface. Address points from local governments is assigned a primary Point
Address role, while road data from Statistics Canada is given Street Address role,
Points of Interest (POIs) from the BC Data Warehouse is given POI roles, and
locality from the BC Data Warehouse is given the City/Municipality role.

* Field Mapping: Data fields from each dataset are aligned with the corresponding
fields defined by the multi-role locator style through the intuitive mapping interface

of the Create Locator tool.

3.4 Objective 3: Comparing Geocoding Results and Assessing Geocoding

Quality

Comparing geocoding results and assessing their quality involved a multistage
process: an input dataset was prepared, the geocoding process was conducted, and finally,
the results were evaluated based on key performance indicators: match rate and spatial

accuracy.

3.4.1 Preparing input addresses:

The input addresses for the study should cover Vancouver Island to ensure a
representative view of the area. Additionally, they need to include a wide range of areas,

from rural to urban, to provide a diverse dataset for the study.
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Input addresses, totaling 497,088, were obtained from Elections BC voter
registration records in CSV format. This dataset was ideal for the study for several reasons.
Firstly, it offered extensive geographic coverage, encompassing the entire province of
British Columbia. It included a wide range of areas, from rural to urban settings, providing
valuable diversity for the analysis. Additionally, the dataset's richness, which included
detailed address information such as unit numbers, building numbers, streets, and cities,

met the requirements for use as input addresses.

These addresses cover the period from September 2020 to April 2022 for the entire
province of British Columbia. Elections BC granted permission for the use of this data in
the study. After users input their address using the online voter registration, the data
underwent processing by Elections BC. This process involved parsing the addresses from
the online input into individual fields: Unit Number, Building Number, Street Prefix,
Street, Street Type, Street Suffix, and City. Subsequently, the City names were
standardized to align with the names in the locality dataset from the BC Data Warehouse

(https://catalogue.data.gov.bc.ca/dataset/municipalities-legally-defined-administrative-

areas-of-bc). Only input addresses were utilized; all other information, including full
names, contact information, and other personal details, was removed. The CSV file

contained the following fields:

Unit Number
Building Number
Street Prefix
Street

Street Type
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Street Suffix
City
The data were pre-processed to ensure alignment with the input requirements of the

geocoding tools being tested.

* The CSV obtained from Elections BC was exported to a table within a file
geodatabase, named input_address. This action was intended to facilitate
subsequent tasks in ArcGIS Pro.

* The objective was to have addresses specifically located on Vancouver Island
extracted from this input_address table. To achieve this, an attribute join between
the 'City' field of the input address table and the 'Name' field of the locality table
was executed, with the option to "Keep only matching records" selected. This step
ensured that only addresses on Vancouver Island were included. Others were
removed.

* After conducting a 'Select by Attributes' operation on the joined table, the goal was
to isolate complete addresses. The filtering criteria were set as follows:
“BUILDINGNUMBER is not null AND STREET is not null”. This approach ensured
that only addresses with full details were included, effectively eliminating any
partial entries that might lead to inaccuracies or errors during the geocoding process.
As a result of this procedure, 73,854 of the 76,122 addresses on Vancouver Island
were identified as complete and subsequently exported to a new table.

* A new column labeled 'Address' was added to the input address table. It was
populated with all individual fields from the CSV, using the 'Field Calculator' tool,

with an empty space between each field. This simplification was crucial for the
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geocoding process, allowing the use of a single address field rather than multiple

fields, especially beneficial when employing the Google Geocoding API.

» The new input_address table was exported as a CSV file to facilitate the upcoming

geocoding process with the Google Geocoding API.

3.4.2 Geocoding process:

Geocoding using custom address locator:

Geocode Addresses (Geocoding) tool in ArcGIS Pro was used. This process requires

a table that stores the addresses and an address locator. This tool matches the stored

addresses against the custom address locator and saves the result for each input record in a

new p

oint feature class.

The tool was run using the settings summarized in Table 2.

Parameters

Settings

Explanations

Input Table

input_address

input table has 73854 addresses

Input Address Locator MGIS_Locator

custom address locator name

Input Address Fields Single Field complete address is stored in one field
Field Name Address complete address field
Output Feature Class Custom_Result The output geocoded feature class

Preferred Location Type | Address location

Geometry for geocode results that represent an address location

Category

Not select

When no category is used, geocoding is performed using all supported categories

Table 2 — Summary Table of Geocoding Tool Settings in ArcGIS Pro

The output results have the following fields:

» Status - indicating whether the address was matched. The values are M (Matched),

U (Unmatched).

* Score - the score can be in a range of 80 to 100, in which 100 indicates the

candidate is a perfect match. The address locator was created with the minimum

match score 80. In ArcGIS Pro, the "Score" parameter played a pivotal role in
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determining the quality of geospatial data matching. The "Score" parameter
represented a numerical value that quantified the similarity between candidate data
and reference data. This similarity score typically ranged from 80 to 100, with 100
indicating a perfect match between the candidate and the reference data. The reason
for choosing a score range between 80 and 100 was to strike a balance between
precision and recall in the geospatial matching process. A score of 100 signified an
exact match, where every attribute of the candidate data aligned perfectly with the
reference data. On the other hand, allowing for a minimum match score of 80
offered some flexibility to accommodate minor discrepancies or variations that
might have arisen due to data imperfections or uncertainties in the matching
process. By setting the address locator with a minimum match score of 80, this
choice instructed ArcGIS Pro to consider candidates with scores as low as 80 as
valid matches. This decision was based on practical considerations and the specific
requirements of the study. It allowed for a certain degree of tolerance when dealing
with real-world geospatial data, where perfect matches might have been rare, but

reasonably close matches were still valuable.

Match_type - showing how an address was matched. The values are A

(automatically matched or rematched), M (unmatched).

Addr_type - the geocoded address type. Values are PointAddress, SubAddress,

StreetAddress, StreetAddressExt, StreetName, POI, Locality.

Geocoding using Google Geocoding API:

Google's Geocoding API is provided for developers to geocode an unlimited
number of addresses. To access this API, one must have an account on the Google Cloud
Platform, which can be created at https://cloud.google.com.
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The geocoding of input addresses was conducted using Google's Geocoding API
through a Python script, which can be found at

https://github.com/shanealynn/python_batch geocode. This script underwent modifications

to integrate the API key, designate the names of the input and output files, and to define the
‘address _column_name'. Furthermore, a line of code was inserted to ensure the script
recognizes that the addresses are in British Columbia, Canada. For full details on the script

used, refer to Appendix A under the title 'batch _geocoding.py'.

The output CSV from the Google's Geocoding API has the following main columns:
* Formatted Address: A standardized address string based on the input.

* Latitude and Longitude: These are the core pieces of information that define the

precise point on the Earth's surface that corresponds to the input address.

*» Location Type (Accuracy): This field specifies the precision level of the geocode
result. It varies from "ROOFTOP" for highly precise, exact address locations, to
"RANGE _INTERPOLATED" for locations within a specific range on a street.
"GEOMETRIC CENTER" is used for broader areas like a street or neighborhood,
and "APPROXIMATE" indicates the least precise level, typically covering larger

areas such as cities or regions.

* Types: An indication of the type of location returned, such as street address, park,

school, political boundary, etc.

* Place ID: A unique identifier that can be used with other Google APIs to get details

about a place.

Explanation of Google Geocoding API terms and their closest equivalents in

ArcGIS Geocoding:
The Google Geocoding API and ArcGIS Geocoding have different terminologies

and methodologies for specifying the accuracy or type of geocoded locations. Here's how
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the terms used in Google's Geocoding API might correspond to concepts in ArcGIS

Geocoding:

* Rooftop (Google API): Google's "Rooftop" level indicates that the returned result is
a precise geocode for a street address. Equivalent in ArcGIS: The closest equivalent
would be "Point Address" or "SubAddress", which represents a precise point

location for an individual address.

* Range Interpolated (Google API): This indicates that the geocoded location is an
approximation based on an interpolated range. For example, the API may interpolate
a point along a street where it estimates an address might be located based on the
surrounding address numbers. Equivalent in ArcGIS: This is similar to "Street
Address” in ArcGIS, where the location is approximated along a street segment

rather than pinpointed exactly.

» Geometric Center (Google API): This term is used when the API returns a location
that is the geometric center of a result such as a polygon or polyline. This might be
used for larger areas like neighborhoods or regions. Equivalent in ArcGIS: The
closest equivalent would be “StreetAddressExt”, "Street Name" or "Locality", which
refers to the center of a larger area. In ArcGIS, when referring to a "Street Name", it
usually involves geocoding based on the name of a street. The result could be an
address point along that street. This does not necessarily suggest a specific central
point; instead, it pertains to the entire street, or a series of locations distributed along

that street.

* Approximate (Google API): This level of accuracy indicates that the location result

is approximate and not precise. It's often used when the API is unsure about the
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exact location. Equivalent in ArcGIS: the closest equivalent to Google's
"Approximate" would be the "Locality" level of geocoding. This level generally
represents a named populated area, like a city, town, or village, without delving into
specific street addresses. It provides a central point or general area for the locality

rather than a precise geographic location.

3.4.3 Comparing Geocoding Results and Assessing Geocoding Quality

The results were assessed based on their match rate and spatial accuracy in urban
and rural areas. The notion of 'urban' is one that is commonly understood to signify an area
with a dense congregation of people. In contrast, 'rural' refers to regions where the
population is spread out and less dense. According to the criteria set by Statistics Canada,
an urban area is characterized by a population count of a minimum of 1,000 individuals and
a population density exceeding 400 persons per square kilometer. Any area not meeting the
urban criteria is categorized as a rural area. Together, urban areas and rural areas covered

the entire nation.

The identification of urban and rural areas was carried out using Dissemination
Geography Unique Identifier (DGUID) polygon data provided by Statistics Canada
(https://www12.statcan.gc.ca/census-recensement/202 1/ref/dict/az/Definition-
eng.cfm?ID=geo055). Specifically, the 2021 population census data was used in this
process. For the region of Vancouver Island, which can be selected using the filter
"GNIS_NAME = "Vancouver Island", there are a total of 1305 DGUIDs. These DGUIDs
are classified based on Population Density Per Square Kilometre field. Areas with a density
of 400 or more are categorized as urban, while those with a density less than 400 are

considered rural.
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Vancouver Island's urban population is primarily concentrated along its southern

shoreline. This area includes the island's most populous city, Victoria.

Figure 16 illustrates the distribution of the urban areas along the southern coastline

of the island based on Dissemination Geography Unique Identifier data.

Urban vs Rural Areas N

A

Legend

[ ruralAreas
|: Urban Areas

Figure 16 — Map shows urban and rural areas on Vancouver Island
The Custom Locator and Google Geocoding API were compared across three
categories: Point Matching, Street Matching, and Locality Matching. The ‘Selection by
Location’ tool was used to determine how many from each category fall into either urban or

rural areas.

The results were divided into four groups based on their match type for easier

evaluation and comparison:

* Point Matching:

PointAddress Match and SubAddress Match from custom locator.
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Rooftop Match from Google Geocoding API.
* Street Matching:
StreetAddress Match from custom locator.
Range Interpolated Match from Google Geocoding API.
* Other Matching:
Locality, StreetName and StreetAddressExt Matching from custom locator.
Geometric Center and Approximate Match from Google Geocoding API.
* Unmatched:
Unmatched from custom locator.
Evaluating matching rate.
The overall matching rate, along with the matching rate in rural and urban areas,

was evaluated based on the four groups mentioned above.

Evaluate spatial accuracy.

While evaluating match rates, it was found feasible and appropriate to analyze the
entire dataset of 73,854 addresses. This was because match rate analysis primarily involved
comparing address records to see if they matched with a reference dataset, a process that
could be automated and handled even with a large volume of data. However, when it came
to evaluating the spatial accuracy of these addresses, a different approach was needed. For
this aspect of the study, a sample of 600 addresses was selected from the total. Unlike
match rate analysis, assessing spatial accuracy required a more detailed and manual
approach. It was necessary to search and identify the Parcel ID for each of the 600
addresses selected. This required a manual search procedure using the BC Assessment

website. Searching all 73,854 addresses manually would be time-consuming and potentially
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overwhelming in terms of data processing and interpretation. By selecting a representative
sample, the study can efficiently derive insights and trends that are likely to hold true for
the entire dataset. The choice of 600 addresses as the sample size for assessing spatial
accuracy was a balance between accuracy and feasibility. On one hand, a smaller sample
size, like 200 addresses, might not have been sufficient to capture the variability and
different scenarios present in the entire dataset of 73,854 addresses. It was important that
the sample was large enough to represent the diversity of cases in the dataset, including
various geographical locations, address formats, and potential anomalies. A sample of only
200 addresses could have led to skewed results or failed to capture some of the subtler
aspects of spatial accuracy. On the other hand, a larger sample size, such as 1000 addresses,
would have certainly provided a more comprehensive view and potentially increased the
accuracy of the findings. However, this would have come at the cost of increased time.
Given the detailed and manual nature of spatial accuracy evaluation, which included
identifying Parcel IDs for each address, scaling up to 1000 addresses would have
significantly increased the workload and extended the duration of the study, possibly
beyond practical limits. Therefore, 600 addresses struck a practical balance. This number
was large enough to ensure that the sample was representative of the entire dataset, thereby
providing reliable and generalizable insights into the spatial accuracy of the geocoding
methods. Yet, it was also a manageable size that allowed for detailed and thorough analysis

within the time constraints of the study.

In this study, the evaluation of spatial accuracy was conducted by comparing the
results of Point Matching and Street Matching in rural and urban areas. This evaluation was

structured into different stages:
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Sample Selection

The ‘Sampling Design Tool’

(https://www.arcgis.com/home/item.html?id=ecbe1{fc44f35465f9dead2ef9b63e785) was

used to randomly choose a total of 600 addresses, divided equally among four categories.

Each category had 150 addresses:

* 150 addresses from Point Matching in both the custom and Google methods, located
in urban areas.

* 150 addresses from Street Matching in both the custom and Google methods, also in
urban areas.

* 150 addresses from Point Matching in both the custom and Google methods but
located in rural areas.

* 150 addresses from Street Matching in both the custom and Google methods, in

rural areas as well.

Identification of Parcel IDs from sample output addresses

To determine the spatial accuracy of geocoded addresses on Vancouver Island,
obtaining Parcel IDs (PIDs) was essential. This was required because the spatial accuracy
analysis required a comparison between the location of each geocoded address and its
actual real-world position within specific parcel boundaries. By identifying the Parcel IDs
for each address, it was possible to link each address to its respective parcel polygon. The
required parcel polygon data, which included the Parcel ID (PID) field, was obtained from

the BC Data Warehouse (https://catalogue.data.gov.be.ca/dataset/219eebea-b19b-47bd-

938f-47d53002a3f4). Unfortunately, the parcel data from the BC Data Warehouse did not

include address information. For calculating the distances between addresses and their
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associated parcels, the Parcel IDs for each address had to be determined. This process
involved manually obtaining Parcel IDs for 600 sample addresses from the BC Assessment

website (https://www.bcassessment.ca/Property/AssessmentSearch?bcalogin=1).

Subsequently, the Parcel IDs relevant to each address in the random sample were
documented in the sample address table, aiding in the identification of the corresponding

parcels.

Calculation of Distance

Spatial accuracy, in the context of this study, refers to the degree to which geocoded
address points match their true, real-world locations within specific parcel boundaries. This
concept is crucial in geospatial analysis, as it determines the reliability of geocoded data in
representing physical locations. High spatial accuracy means that the geocoded addresses
are located within their correct parcel boundaries, reflecting a precise correspondence with
the real-world scenario. Conversely, low spatial accuracy indicates a discrepancy between
the geocoded addresses and their actual physical locations, leading to potential errors in
spatial analysis and decision-making. To facilitate this, a methodical approach was
employed, utilizing the "Near by Group" tool available at

https://www.arcgis.com/home/item.html?id=37dbbaa29baa467d9da8e¢27d87d8ad45. The

distances from each geocoded address point to the nearest edge of the parcel boundary

associated with the same Parcel ID were calculated by this tool.

If the distance is 0, that means geocoded address falls within the correct parcel
polygon, and we assume it is spatially correct. If it is different than 0, it is geocoded outside

the correct parcel. In instances where any calculated distance was greater than zero, a
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potential inaccuracy was flagged, suggesting that the geocoded address might not be

situated within the correct parcel.

Comparing results from Custom Locator and Google Geocoding API in Urban and

Rural areas

Differences in match rates and spatial accuracy between the custom locator and
Google Geocoding API in rural and urban areas were identified and recorded during the
evaluation of geocoded outputs. To clearly present these findings, tables were created,
summarizing the results for urban and rural areas across different matching categories.
Additionally, a confusion matrix was utilized to further elucidate the spatial accuracy of
each geocoding method in rural and urban areas. These tools effectively illustrated the

variations in geocoding performance, providing a detailed comparison of the two methods.
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Chapter 4: Results and Discussion

4.1 Suitable data sources

4.1.1 Address Points:

To utilize a feature class as reference data for a Point Address locator, there must be
distinct and separate fields available for both street number and street name. Unfortunately,
the BC Data Catalogue does not provide data on address points. For provincial-wide
searches in British Columbia, tools like ParcelMap BC

(https://parcelmapbe.ltsa.ca/pmsspub/) and BC Assessment (https://www.bcassessment.ca/)

offer parcel-based location services. However, it's important to note that while these
services can help locate a general area or property, they don't offer the pinpoint accuracy of
address points. Additionally, there are challenges such as large parcels containing
numerous potential address points. Moreover, the address data associated with these parcels
is not freely accessible to the public, and obtaining this information could involve
substantial costs. The following data is available to the public and can be downloaded for

free:

Statistics Canada

Open Database of Addresses (ODA) for British Columbia from Statistics Canada at

http://www150.statcan.ge.ca/nl/pub/46-26-0001/2021001/ODA_BC_vl1.zip. The CSV file

downloaded from the above link has the following main attributes:

Latitude

Longitude

id_source (Source ID)
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id (ODA ID)

id_group (Group ID)

street_no (Civic Number)

street (Full Street Name)

str_name (Street Name)

str_type (Street Type)

str_dir (Street Direction)

unit (Unit)

city (Municipality)

postal code (Postal Code)

full_addr (Full address)

city pcs (Processed City)

str name pcs (Processed Street Name)

str_type pcs (Processed Street Type)

str_dir_pcs (Processed Street Direction)

csduid (Census subdivision unique identifier)

csdname (Census subdivision name)

pruid (Province unique identifier)

provider (Data Provider)
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This CSV file contains 800,396 records for the province of British Columbia. The
data was gathered from January to April 2021. Addresses in this CSV may denote
residential buildings, commercial or institutional buildings, or simply refer to parcels.
Moreover, multiple addresses might be assigned to both buildings and parcels. “This data
for BC represents the open government data available at the time of compilation (January to
April 2021) and, as such, should not be considered a comprehensive or definitive "ground-
truth" of all existing addresses in the province. Currently, the coverage of the ODA across

Canada remains incomplete in some jurisdictions” (ODA — metadata).

The attributes satisfy the minimum field requirements, which include individual
fields containing both a street number and street name. However, the data needs to be
converted into either a shapefile format or a feature class in a file geo-database format.

Subsequently, an event layer was created and then exported as a feature class.

Since the study area was Vancouver Island, addresses located on the Island were the
only ones required. This was achieved by having address points selected that fell within the

boundary of Vancouver Island. On the Island, a total of 145,303 addresses were present.

In the course of data preparation, it was observed that 3,090 points in the dataset did
not include the 'street no' attribute. To maintain the integrity of the address locator creation
process, these points were excluded. While it is technically possible to geocode addresses
without house numbers, they were considered inappropriate for use as reference addresses
in this study. This decision was based on the need for precise and complete address

information to ensure the accuracy and reliability of the geocoding results.

From other levels of government.
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Efforts were made to contact every local municipal government on Vancouver

Island that did not have an online open data portal at the time, in order to request address

data. While some were eager to share their data, others were found to lack GIS capacity,

and some did not reply at all. Table 3 provides a summary of available addresses for

collection on Vancouver Island, along with the corresponding website links for contact

information.
Name Website Address for download online Data format
Alberni - Clayoquot Regional District http://www.acrd.bc.ca/ No
Capital Regional District http://www.crd.bc.ca/ No
City of Campbell River http://www.campbellriver.ca/ Yes Parcel Polygon
City of Colwood http://www.colwood.ca/ No
City of Courtenay http://www.courtenay.ca/ Yes Address Point

City of Duncan http://www.city.duncan.bc.ca/ No — Manually contact Address Point
City of Langford http://www.cityoflangford.ca/ Yes Address Point
City of Nanaimo http://www.nanaimo.ca/ Yes Building Polygon

City of Parksville

http://www.city.parksville.bc.ca/

No — Manually contact

Address Point

City of Port Alberni

http://www.portalberni.ca/

No

City of Victoria http://www.victoria.ca/ Yes Address Point
Comox Valley Regional District http://www.comoxvalleyrd.ca/ No
Cowichan Valley Regional District http://www.cvrd.bc.ca/ Yes Address Point
District of Central Saanich http://www.centralsaanich.ca/ No
District of Metchosin http://www.district.metchosin.bc.ca/ No
District of North Saanich http://www.northsaanich.ca No
District of Oak Bay http://www.oakbaybc.org/ No
District of Port Hardy http://www.porthardy.ca/ No
District of Saanich http://www.saanich.ca/ Yes Address Point
District of Sooke http://www.sooke.ca/ No
District of Tofino http://www.tofino.ca/ No

Municipality of North Cowichan

http://www.northcowichan.bc.ca

No — Manually contact

Address Point

Regional District of Mount Waddington

http://www.rdmw.bc.ca/

No

Regional District of Nanaimo

http://www.rdn.bc.ca/

Yes

Address Point

Strathcona Regional District

http://www.strathconard.ca/

No — Manually contact

Address Point

Town of Lake Cowichan

http://www.town.lakecowichan.bc.ca/

No

Town of Qualicum Beach

http://www.qualicumbeach.com/

No — Manually contact

Address Point

Town of Sidney

http://www.sidney.ca/

No — Manually contact

Address Point

Town of View Royal

http://www.viewroyal.ca/

No — Manually contact

Address Point

Township of Esquimalt

http://www.esquimalt.ca/

No — Manually contact

Address Point

Table 3 - Summary of available addresses for collection on Vancouver Island

A total of 16 datasets were obtained. While data from various sources may not

always align in terms of exact field names and field formats, with some lacking locality
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specifics, additional adjustments and work were indeed required to standardize and

integrate them. However, the attributes of all datasets included fields with both a street

number and street name, fulfilling the minimum field requirements to serve as reference

address points.

In total, 292,943 address points from 16 major local municipal governments have

been obtained. According to the 2021 Canada Census, the population of these 16 local

municipalities was 639,633, which constituted a significant portion of the island's total

population of 864,864.

Evaluate data from Statistics Canada and from local government.

A total of 145,303 addresses were gathered from Stats Canada, with the majority

situated in the southern region of the island, as depicted in Figure 17.
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Figure 17 - Map shows address points from Statistic Canada

As shown in Figure 18, the 292,943 address points, which were sourced from 16

distinct local municipal governments, are distributed across the island. The addresses
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provided by local governments cover a significantly larger area compared to those from

Statistics Canada.

...r‘—'\

Figure 18 - Map shows addresses of 16 local municipal governments.

The Select by Location tool was employed to conduct a comparison between
addresses obtained from Statistics Canada and those from 16 local municipal governments.
The goal was to assess whether addresses from these two distinct sources are at the same
location. This tool was utilized to select addresses from Statistics Canada that intersect with
the source layer, comprised of addresses from the municipal governments. All 145,303
addresses from Statistics Canada were selected, indicating a complete spatial overlap with
the municipal government dataset. This result confirms that each address recorded in the
Stats Canada dataset was also found within the local municipal government dataset. Figure

19 shows an example of overlapping addresses.
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Figure 19 — Map shows overlapping addresses.

An additional step was performed to compare the attributes of the two datasets.
Addresses from the local government were joined to addresses from Statistics Canada
based on spatial location, with the option “Each point is given all the attributes of the point
in the layer being joined that is closest to it, along with a distance field showing how close
that point is (in the units of the target layer)”. After the spatial join was conducted, a
'Selection by Attributes' was performed on the output table of the join. The condition was
set to ADDRESS FULL = full_addr, where 'full _addr' represents a complete address field
in the Statistics Canada data, and ADDRESS FULL is a field in the address data from the
local government. A total of 145,303 addresses were selected, conclusively indicating that

the attributes from the Statistics Canada data are included in the local government data, as

shown in the Figure 20 (the distance is in meter).
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Join_Output
—
full_addr

ADDRESS_FULL

3301 WORDSWORTH ST

3301 WORDSWORTH ST

3301 SHELBOURNE ST

3301 SHELBOURNE ST

3301 QUADRA ST

3301 QUADRA ST

3301 LINWOOD AVE

3301 LINWOOD AVE

3301 KINGSLEY 5T

3301 KINGSLEY ST

3301 HENRY RD

3301 HENRY RD

3301 GIBBINS RD

3301 GIBBINS RD

3301 DOUGLAS ST

3301 DOUGLAS ST

3301 Crown Isle Drive

3301 Crown Isle Drive

3301 CREEGAN DR

3301 CREEGAN DR

3301 CEDAR HILL RD

3301 CEDAR HILL RD

3301 CAMROSF CAT

3301 CAMROSF CAT

€
T 0 » m E (145303 out of 145303 Selected)
Join_Output

Figure 20 — Output table from spatial join 2 datasets

An examination of various data sources indicated a disparity in the timeliness of
data updates between different authorities. Specifically, an analysis of the metadata from
Statistics Canada had highlighted a significant delay in their data updates, with the last
update occurring in 2021. In contrast, a review of local municipal authorities, such as the
City of Victoria, suggested a more proactive approach. For example, the City of Victoria
updated its database with a frequency ranging from weekly to monthly. This difference in
data management was evident in the case of the renaming of Trutch Street to Su’it Street in
June 2022. After this change, the City of Victoria promptly updated its records, reflecting
both accurate representation and cultural sensitivity. Meanwhile, Statistics Canada's
database continued to reference the former street name. However, it should be noted that
this observation was based on a specific instance, and additional investigation was needed

to determine if this trend was consistent across other municipalities.
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Figure 21 illustrates the discrepancies in road names between two datasets: one

from the City of Victoria and the other from Statistics Canada.
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Figure 21 - Discrepancies in road names between City of Victoria and Statistics Canada

From the observation, it becomes clear that the data provided by the local
government encompasses a significantly broader geographical area and includes addresses
from Statistics Canada. Additionally, it is more up-to-date. Consequently, the decision has
been made to employ only data from the local government as the reference address data in

the creation of the address locator.
4.1.2 Road data:

Many municipalities that share address data via their open data platforms tend to
exclude road information from public access. Additionally, while some do provide road
data, they often lack comprehensive details about address ranges. Furthermore, available

datasets do not include highways.
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Figure 22 displayed below provides a table view of the road attributes located in Nanaimo,

Courtenay, and Campbell River. The roads from these local governments do not include

address ranges.
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1 [Polyline 2|reserve_Lo |Spit Rd.
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4 |Polyline S|reserve_Lo |SpitRd. v
o 1+ o[BS ©outof 1439 Selected)
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Figure 22 - Attribute table of road data — Nanaimo, Courtenay & Campbell River

Table 4 shows a summary of the available road data from major local governments

on Vancouver Island.

Name Website Road for download online | Include address ranges
Alberni - Clayoquot Regional District http://www.acrd.bc.ca/ No

Capital Regional District http://www.crd.bc.ca/ No

City of Campbell River http://www.campbellriver.ca/ Yes No
City of Colwood http://www.colwood.ca/ No

City of Courtenay http://www.courtenay.ca/ Yes No
City of Duncan http://www.city.duncan.bc.ca/ No

City of Langford http://www.cityoflangford.ca/ No

City of Nanaimo http://www.nanaimo.ca/ Yes No
City of Parksville http://www.city.parksville.bc.ca/ No

City of Port Alberni http://www.portalberni.ca/ No

City of Victoria http://www.victoria.ca/ Yes Yes
Comox Valley Regional District http://www.comoxvalleyrd.ca/ No

Cowichan Valley Regional District http://www.cvrd.bc.ca/ Yes No
District of Central Saanich http://www.centralsaanich.ca/ No

District of Metchosin http://www.district. metchosin.bc.ca/ No
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District of North Saanich http://www.northsaanich.ca No
District of Oak Bay http://www.oakbaybc.org/ No
District of Port Hardy http://www.porthardy.ca/ No
District of Saanich http://www.saanich.ca/ Yes Yes
District of Sooke http://www.sooke.ca/ No
District of Tofino http://www.tofino.ca/ No
Municipality of North Cowichan http://www.northcowichan.bc.ca No
Regional District of Mount Waddington http://www.rdmw.bc.ca/ No
Regional District of Nanaimo http://www.rdn.bc.ca/ Yes No
Strathcona Regional District http://www.strathconard.ca/ No
Town of Lake Cowichan http://www.town.lakecowichan.bc.ca/ | No
Town of Qualicum Beach http://www.qualicumbeach.com/ No
Town of Sidney http://www.sidney.ca/ No
Town of View Royal http://www.viewroyal.ca/ No
Township of Esquimalt http://www.esquimalt.ca/ No

Table 4 - Summary of the available road data from major local governments on Vancouver Island.

Only two municipalities provided road data including address ranges. However,

these datasets were deficient in offering details such as the left/right city boundaries. Given

the limitations in available options, the data source from Statistics Canada was the only

viable choice. The road data must have fields that contain from street number and to street

number information for each side of the street as well as street name information, the

street's prefix direction, prefix type, street type, suffix direction, and the left/right city or

locality.

This dataset is available from Statistics Canada at

https://www12.statcan.gc.ca/census-recensement/2021/geo/sip-pis/rnf-frr/index2021-

eng.cfm?vear=21

Over 2 million road segments across Canada were included in this data. Roads

located on Vancouver Island were the only ones required, and thus, were selected and

exported for utilization as Street Addresses in the Custom Locator. There are 49,643 roads

on Vancouver Island.

Figure 23 displays the roads from Statistics Canada on Vancouver Island.
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Figure 23 - Map shows roads on Vancouver Island — Statistics Canada

To use a feature class as the primary reference data for the Street Address locator
role, it must contain specific fields: from address, to address for each side of the street and
street name information. This data has a following main attributes:

* NAME FULL: this attribute represents the complete name of the street, including
all parts of the name.

* NAME BASE: indicates the basic name of the street without any suffixes or

prefixes.

* NAME SUFF: refers to the suffix of the street name, such as "Street", "Avenue",
"Road", etc.

* CITY_LEFT: denotes the name of the city or municipality on the left side of the

road.

* CITY_RIGHT: indicates the name of the city or municipality on the right side of the

road.

* PARITY LFT: specifies the numbering parity (odd or even) for addresses on the left

side of the street.
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* PARITY_ RGT: specifies the numbering parity (odd or even) for addresses on the
right side of the street.

* FROM_LEFT: indicates the starting address number on the left side of the street.

* TO_LEFT: refers to the ending address number on the left side of the street.

* FROM_RIGHT: indicates the starting address number on the right side of the street.
* TO_RIGHT: represents the ending address number on the right side of the street.

This road dataset from Statistics Canada meets the requirements to be used as the

primary reference data for the Street Address locator role.

4.1.3 Point of Interests (POIs):

POIs were obtained from Statistics Canada and BC Data Warehouse.

» Statistic Canada: the files are re-generated on a weekly basis to include the most
recent updates from the Canadian Geographical Names Database. The records
include the names of populated places and administrative areas, water features such
as lakes, rivers and bays, terrain features like mountains, capes and valleys, etc.

(https://www.nrcan.gc.ca/earth-sciences/geography/download-geographical-names-

data/9245).

POIs data is in point shapefile format, and has the following main attributes:
* Name of Feature
* Categories (Feature Type)
* Generic
* Location
» Latitude/Longitude

* Data Provider
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Statistics Canada, along with its attribute table.

Figure 24 shows Points of Interest (POIs) on Vancouver Island, based on data from

Table
ERAE L -L

POls - Statistics Canada

GEONAME

CATEGORY

5040 Peak

Terrain Feature

tAU WELNEWY / John Dean Park

Administrative Area

Acmai

Populated Place

Abco Creek VWater Feature
Abco Mountain Terrain Feature
Abel Creek Water Feature
Absunstia Creek Water Feature
Acous Populated Place

Acous Peninsula

Terrain Feature

Adder Mountain

Terrain Feature

Adrian Creek

VWater Feature

<

Adriana Creek

POIs - Statistics Canada |

Water Feature

TR 0o n E (0 out of 2904 Selected)

Figure 24 - Map shows POls on Vancouver Island — Statistics Canada

* BC Data Warehouse: most locations have civic addresses and are government

offices or facilities, e.g., hospitals, schools, post-secondary institutions, court

houses, tourism centres (https://catalogue.data.gov.bc.ca/dataset/sites-registry-open-

government-licence-)

POIs data is in point shapefile format, and has the following main attributes:

* Place Name (Name of POlIs)

* Place Type (Airport, Schools, Hospital, Park, Fire Hall, etc.)

* Latitude/Longitude

* Address

* Name Alias
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Figure 25 shows Points of Interest (POIs) on Vancouver Island, based on data from BC

Data Warehouse, along with its attribute table.

Table o x
H- 8- BN
POls - BC Data Warehouse X
PL_NAME PL_GROUP PL_TYPE ~
East Sooke Regional Park PARK REGIONAL
SD 62 OR#1 A Place To Be |SCHOOLS ALTERNATE
William Head Institution CORRECTIONAL  |PRISON
Lester B Pearson College POST_SEC COLLEGE
East Sooke Regional Park PARK REGIONAL
East Sooke Regional Park PARK REGIONAL
East Sooke Vol Fire Dept FIRE HALL
Carpenter Road Park PARK MUNICIPAL
Hans Helgesen Elementary |SCHOOLS STANDARD
Sooke Christian School SCHOOLS INDEPENDENT
Devonian Regional Park PARK REGIONAL
Bob Mountain Park PARK MUNICIPAL v

<

(LI | or n

POls - BC Data Warehouse

B | (0 out of 1336 Selected)

Figure 25 — Map shows POlIs on Vancouver Island — BC Data Warehouse

After a comparison of the Point of Interest (POI) datasets from Statistics Canada

and BC Data Warehouse, it has been determined that the BC Data Warehouse set is more

suitable as a reference for creating an address locator. One significant observation was that

the Statistics Canada dataset contains many water features and terrain features, which offer

limited value when the primary objective is geocoding addresses.

Of the 2,904 records from Statistics Canada, 1,544 are water features, and 759 are

terrain features, as shown in Figure 26.

POls - Statistics Canada - Type Sum

CATEGORY

Count_CATEGORY

Underground Feature

1

lce and Snow Feature

5

Feature Associated with Vegetation 16
Constructed Feature 20
Populated Place 256
Administrative Area 303
Terrain Feature 759
Water Feature 1544

Figure 26 — Summary table of POlIs type - Statistics Canada
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On the other hand, 1336 POIs from BC Data Warehouse provides a more
comprehensive range of attributes, which includes the 'Address' and 'Name Alias' fields do

not present in the Statistics Canada dataset, as shown in Figure 27.

POls - BC Data Warehouse - Type Sum

PL_GROUP | Count PL_GROUP |
CORRECTIONAL 4
COASTGUARD 6
TRANSIT 2
TRAIL 27
POST_SEC 28
AMBULANCE 35
[ |AErO 40
[ |PoLice 40
o HOSPITAL 44

FIRE 110
[ |RECREATION 146
T cvic 160 |
" |PARK 258 |

SCHOOLS 416

Figure 27 - Summary table of POlIs type - BC Data Warehouse

Taking into account all of these considerations, it was determined that POIs data
from BC Data Warehouse, owing to its extensive richness and breadth, was made the
optimal choice for this study project. The dataset's comprehensive range of information and

its depth in various categories stood out as particularly advantageous.

4.1.4 Locality:
Locality polygon data was obtained from BC Data Warehouse. The data has the

following main attributes:

* Name
* Loc_Type (City, Town, Region, etc.)

* Create_Date
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* Modify Date

The only necessary attribute to be used as City/Municipality role is the name, and

this data meets the requirement.

4.1.5 Summary:

Through these deliberations, it was decided that the creation of custom address
locators would involve four distinct sources. The address point layer, which was confined
to only certain sections of the study area, was procured from local government authorities.
This layer was the backbone of the custom locator system, primarily because the entire
process of geocoding is based first and foremost on the address points. This data was
pivotal for accurately pinpointing exact locations within a specific area. The road data was
sourced from Statistics Canada, the Points of Interest (POIs), and locality were derived

from the BC Data Warehouse.

4.2 Building address locator.
4.2.1 Standardized Address Components

The address points data, sourced from various origins, were required to be
consolidated and standardized. To manage this complex process effectively over the
anticipated duration of this study, a model was developed. This strategic development
allowed for the consistent application of essential processes whenever updates or
modifications were made to the data provided by local governments. The implementation
of this model proved to be particularly beneficial, as it circumvented the need for repeated
steps and ensured a streamlined and efficient approach to data management throughout the

extended period of the study.
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The model was developed to merge address point data from multiple local
governments into a new single feature class. In addition to the field names from various
data sources, the new feature class includes a new field named "ADDRESS FULL". This
field encapsulates the full address, encompassing the Unit, House Number, Street Name
and Street Type. The model also aligns all datasets to the WGS84 coordinate system. If any
changes are made to the attributes of the data source, it is essential to update this model to

incorporate those changes, whether they involve field names or formats.
The following tasks are performed by the model:

* Data from City of Campbell River and City of Nanaimo are converted to point
(Feature To Point).

* For each of the 16 datasets, new fields are added:

UNIT
BUILDING NUMBER
STREET
STREET TYPE
STREET DIR
CITY
ADDRESS FULL
Source
» Based on the available values from each dataset, the values for each of the new

fields are calculated. For example, for address data from the City of Langford, the

following applies:

UNIT = Unit_Num
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BUILDING NUMBER = Civ_Num

STREET = getRoadName(!Str Name!), where the getRoadName

function is used to extract only the road name:

def getRoadName(fullAddress):

parts = fullAddress.split()

if len(parts) > 2:
road_name =" " join(parts[:-1])
return road_name

elif len(parts) == 2:
return parts[0]

else:
return "

STREET TYPE = IStr Name!.split()[-1] if !Str_Name!.split() else "
STREET DIR — Not Available
CITY = “Langford”
ADDRESS FULL = /Str_Name! + " " + ICITY!
Source = “Langford”
* All layers are appended with the NO TEST schema type.

Following the successful execution of the model, a new feature class named
"Address Points" was created. The "Split Address Into Components" tool in ArcGIS Pro
was used to segment the “4DDRESS FULL" field name, opting for the Canada Standard
setting. The tool plays a crucial role in normalizing address data, dissecting it into standard
components, making it apt for constructing an address locator. The following fields were

added and populated by this tool:

AddNum
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StPreDir
StPreType
StName
StType

StDir
UnitType
UnitName
BuildingType
BuildingUnit
LevelType

LevelType

The ADDRESS FULL field has been divided into various address components, as

demonstrated in Figure 28.

ADDRESS_FULL AddNum | StPreDir StName StType StDir
E T49 VIEW ST 749 E 748 VIEW ST
E 582 ST CHARLES ST 582 E 582 ST CHARLES ST
E 327 HARBOUR RD 327 E 327 HARBOUR RD
E 650 LINDEN AVE 650 E 650 LINDEN AVE
E 493 BURNSIDE RD E 4893 E 493 BURNSIDE RD E
E 456 GORGERDE 456 E 458 GORGE RD E
12206 TIDEVIEW ROAD 12206 TIDEVIEW ROAD
12186 TIDEVIEW ROAD 12186 TIDEVIEW ROAD
3764 NELSON POINT ROAD 3764 NELSON POINT ROAD
4061 EAGLE CRESCENT 4081 EAGLE CRESCENT
4059 YELLOW POINT ROAD 4059 YELLOW POINT ROAD
13292 CAPNAC PLACE 13292 CAPNAC PLACE
134385 DOOLE ROAD 13485 DOOLE ROAD
124 NORTH SHORE ROAD WEST 124 N SHORE ROAD W
94 NORTH SHORE ROAD WEST 94 N SHORE ROAD w
5600 RWERBOTTOM ROAD WEST 5600 RIWERBOTTOM ROAD W
2420 QUAMICHAN ROAD WEST 2420 QUAMICHAN ROAD W

Figure 28 — Output from Split Address into Components tool

4.2.2 Building the Address Locator
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A multi-role locator (for Canada) was built using the Create Locator tool with the
following 4 primary tables. One primary table was used per role. The locator was initially

created with WGS84 as its spatial reference.

* Point Address Role (a street address based on points that represent house and
building locations): address points from local government. The summary of the

Field Mapping settings for this primary table is outlined in Table 5.

Address Locator Address Point layer
Primary Tables Address_Points
Role Point Address
House Number BUILDING_NUMBER
Street Name STREET_NAME
Suffix Type STREET_TYPE
Suffix Type STREET_DIR
Full Street Name STREET_NAME
Unit UNIT
City CiTYy

Table 5 — Summary table of Field Mapping settings for Point Address Role

* StreetAddress Role (a street address based on streets where the house number is
interpolated from a range of numbers): roads from Statistics Canada. Table 6 is a

detailed breakdown of the Field Mapping settings applied to this primary table.

Address Locator Road layer
Primary Tables Roads
Role Street Address
Left House Number From FROM_LEFT
Left House Number To TO _LEFT
Right House Number From FROM_RIGHT
Right House Number To TO_RIGHT
Left Parity PARITY_LFT
Right Parity PARITY_RGT
Street Name NAME_BASE
Suffix Type NAME_SUFF
Full Street Name NAME_FULL
Left City CITY_LEFT
Right City CITY_RIGHT

Table 6 — Summary table of Field Mapping settings for Street Address Role
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* POI Role (placenames, businesses, landmarks, and geographic features): POIs from

BC Data Warehouse. The Field Mapping settings for this primary table are detailed

in Table 7.
Address Locator POIs layer
Primary Tables POIs
Role POI
Place Name PL_NAME
Place Category PL TYPE
House Number ADDR_NUM
Street Name ADDR_ROAD
Full Street Name ADDR_ROAD
City CiTy

Table 7 — Summary table of Field Mapping settings for POI Role

« City/Municipality Role (cities, neighborhoods, regions): locality data from BC Data

Warehouse. The only field mapping used was 'Name' for City/Municipality.

Additional parameters were adjusted to optimize the accuracy and efficiency of the

address matching procedure listed in Table 8.

Match Options Settings
Match out of range Yes
Minimum match score 80
Minimum candidate score 80
Side offset 15
End offset 15
Language Code English
Precision Type Global High

Table 8 — Summary table of other settings

* Match Out of Range: Yes. This option allows the address locator to assign a location
to an address even if it falls outside the numerical range defined for a street

segment. For instance, if the number of an address falls outside the range assigned

72| Page



to that street segment, but it is still within a reasonable threshold, the geocode result
is placed at the end of the street segment where the range of house numbers is
closest to the input house number.

Minimum Match Score: 80. This is a threshold for determining a successful match.
The match score is a percentage representing the similarity between the input
address and the best candidate from the address locator. A score of 80 means that
only addresses with at least 80% similarity to a known address in the locator are
considered a match. The choice of an 80% minimum match score is grounded in
best practices identified in the literature on geocoding accuracy. Research in this
field suggests that a threshold too high might exclude valid matches due to minor
data entry errors or variations in address formats, while a threshold too low
increases the risk of incorrect matches (Smith, 2015; Johnson et al., 2017). Studies
by Lee and Wong (2016) demonstrate that a threshold around 80% offers a balanced
approach, effectively filtering out most inaccurate matches while retaining those
with minor inconsistencies typical in large address databases. This level is
particularly effective in accommodating common discrepancies such as slight
misspellings, abbreviations, or outdated address information, which may not
significantly impact the spatial accuracy of the geocode result. By setting the
threshold at 80%, this study aligns with the established standards in the field, aiming
to achieve a high degree of accuracy in geocoding while acknowledging the
practical limitations of address data variability (Miller & Jones, 2018).

Minimum Candidate Score: 80. The choice of setting the Minimum Candidate Score
at 80% is driven by the need to maintain a high standard of accuracy in the

geocoding results. This threshold ensures that only candidate addresses with a
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significant level of similarity to the input are considered. By excluding candidates
with a score below 80%, the locator effectively filters out poor matches that are
likely to be inaccurate. A higher candidate score threshold reduces the risk of errors
that could arise from less accurate matches, thereby enhancing the overall reliability
of the locator. Thus, the decision to set the minimum candidate score at 80% is a
strategic choice to balance the trade-off between the quantity of matches and the
quality of geocoded data.

* Side Offset: /5. This parameter sets the distance in meter from the centerline of the
street to place the matched address point. A side offset of 15 meters means the point
is placed 15 meters perpendicular to the street centerline. This setting is important
for ensuring that address points are placed within parcel boundaries, assuming a
typical setback distance from the street in urban and suburban layouts. The 15
meters measure is often aligned with the standard distance between the street and
buildings within a parcel.

* End Offset: /5. This sets the distance from the end of a street segment to place the
address point. It helps to ensure that points are not located at intersections and
assists in keeping features at the end of a reference feature from overlapping with
other features.

 Language Code: English. This specifies the language to be used in the address
locator. Setting it to English means that the locator interprets, and matches
addresses based on English language rules and character sets.

* Precision Type: Global High. By default, the locator is created with Global High
Precision, which returns results that are within 0.5 meters of the original reference

data globally.
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After the creation of an address locator, its rebuilding is deemed essential to
maintain its accuracy and functionality in geocoding addresses. Encapsulated within the
locator is a snapshot of the reference data available at the time of its inception, rendering it
unable to accurately geocode addresses with any updated data if changes occur in the
geometry and attributes of the reference data. Regular updates are made to public datasets,
with the potential addition of new roads, addresses, subdivisions, communities, points of
interest, and corrections to prior errors in the database occurring on a monthly basis.
Consequently, the reference data initially utilized to develop the custom address locator is
affected by these updates. To ensure that a current and accurate version of the reference
data is maintained, the address locator is required to be rebuilt, a task that can be
accomplished using the Rebuild Address Locator tool. This process ensures the ongoing
proficiency of the locator in geocoding addresses, amidst the continual updates and

alterations to the reference data.

Following the execution of the Create Locator tool, two files were produced for the
new locators: ./oc and ./oz. The combined size of the address locator is just over 12

megabytes.

4.3 Comparing Geocoding Results and Discussion

In this section, the results obtained from the geocoding process using the custom
address locator and Google’s Geocoding API are presented. The focus was on evaluating
geocoding outcomes, with comparisons made between the match rates and spatial accuracy
of each method. The findings provided an understanding of the strengths and limitations of

each approach.

Geocoding results from custom address locator
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The ‘Geocode Addresses’ tool in ArcGIS Pro was used to geocode 73,854
addresses. The process was completed in less than one minute. The output feature class

Custom_Result was found to contain the same 73,854 records.

In the analysis of 73,854 addresses, a total of 73,206 addresses, accounting for
99.12%, were successfully matched. Conversely, 648 addresses, making up 0.88%, did not
match. These unmatched addresses did not have geometry. The match status and the

distribution of the addresses according to their matching levels are summarized in Table 9.

Match Status
M (Matched) 73206
U (Unmatched) 648
Match Type
Locality 557
PointAddress 43189
StreetAddress 18763
StreetAddressExt 234
StreetName 385
Subaddress 10078

Table 9 - Results from custom address locator

The combined total of all match types—including Locality, PointAddress,
StreetAddress, StreetAddressExt, StreetName, and Subaddress—summed up to 73,206
records, which corresponded exactly to the number of records that were marked as

'Matched' (M).

* Locality Match (557 addresses): a place-name representing a populated area.

* PointAddress Match (43,189 addresses): a street address based on points
representing house and building locations, matched with address points data from

local governments.

* StreetAddress Match (18,763 addresses): a street address interpolated from a range

of numbers from road data provided by Statistics Canada.
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* StreetAddressExt Match (234 addresses): An estimated street address match
occurring when the input house number exceeds the range for the matched street
segment. The output point is placed at one end of the street segment, at the end

closest to where the number would theoretically exist.

* StreetName Match (385 addresses): Similar to a street address but lacking a house
number. The output point is placed at a central or median location along the

identified street.

* SubAddress Match (10,078 addresses): A street address based on points representing
house and building subaddress locations, due to address points data from local
governments that include unit numbers in addition to house numbers. This is similar
to PointAddress Match, focusing on the specific units within larger buildings or

complex.

Geocoding results from Google Geocoding API

The output file from Google Geocoding API contains 73,854 rows. This file,
utilizing latitude and longitude data, was subsequently converted into a feature class, named

Google Result. The detail steps are listed in this link: https://pro.arcgis.com/en/pro-

app/latest/get-started/create-points-from-a-table.htm. The intent behind these steps was to

facilitate additional processes within ArcGIS Pro.

Each one of 73,854 addresses received a status of “OK”, meaning that the request
was successful, and the response contains a valid result. The matching status of these
addresses, along with their distribution based on the various matching levels defined by

Google Geocoding API, is detailed in the Table 10.

77| Page



Match Status
OK 73854

Accuracy Type
Rooftop 64156
Range_Interpolated | 8504
Geometric Center 729
Approximate 465
Table 10 - Results from Google Geocoding API

* Rooftop (64,156 addresses): This indicates that the returned result is a precise
geocode for which Google has location information accurate down to street address
precision. This is similar to a PointAddress Match/SubAddress Match from a
custom locator.

* Range Interpolated (8,504 addresses): This refers to a street address interpolated
from a range of numbers. Interpolated results are generally returned when rooftop
geocodes are unavailable for a street address. This is similar to a StreetAddress
Match from a custom locator.

» Geometric Center (729 addresses): This indicates that the returned result is the
geometric center of a result such as a polygon (city). This is similar to a Locality
Match/StreetAddressExt/StreetName Match from a custom locator.

» Approximate (465 addresses): indicates that the returned result is approximate. The
accuracy is relatively low, and the provided location serves more to give a general
idea of the area than to pinpoint a specific location. Google Geocoding API and
ArcGIS Geocoding services use different terminologies and methodologies to
specify the accuracy of geocoded locations. Unlike Google's 'Approximate’'
category, the ArcGIS Geocoding service does not have a direct equivalent term. The
closest term used in ArcGIS might be 'Locality." Although the specifics of the

algorithms used by the Google Geocoding API are not publicly disclosed, based on
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the output results, Google's 'Approximate' category appears to closely resemble the

'"Locality' match in custom geocoding.

4.3.1 Evaluating matching rate.

The results were divided into four groups based on their match type for easier evaluation

and comparison:

* Point Matching: this group included results that were precisely matched to a specific

point. It consisted of:
PointAddress Match and SubAddress Match from custom locator.
Rooftop Match from Google Geocoding API.

* Street Matching: this category contained results that were matched to a street

location. It involved:
StreetAddress, Match from custom locator.
Range Interpolated Match from Google Geocoding API.

* Other Matching: this group was for results matched based on geometric data. It

included:
Locality, StreetName and StreetAddressExt Matching from custom locator.
Geometric Center and Approximate Match from Google Geocoding API.

* Unmatched: unmatched from custom locator.

Table 11 presents a summary of these four categories.

Matching Type Custom Locator Google Geocoding API
Point Matching 53267 72.12% 64156 86.87%
Street Matching 18763 25.41% 8504 11.51%
Other Matching 1176 1.59% 1194 1.62%
Unmatched 648 0.88% 0 0.00%
Total 73854 100.00% 73854 100.00%

Table 11 - Overall Matching Rate
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Overall, in Point Matching, Google had 64,156 matches, compared to the Custom
Locator's 53,267. In Street Matching, the Custom Locator showed 18,763 matches,
significantly higher than Google's 8,504. For Other Matching, Google registered 1,194
matches, against the Custom Locator's 1176. The Custom Locator had 648 unmatched

addresses, while Google had none.

Figure 29 is a chart illustrating the comparative performance of the Custom Locator

and Google Geocoding API in various geocoding matching types.

Match Results
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Figure 29 - Overall Matching Rate Chart

A confusion matrix (Table 12) was created to compare the matches by Match Type
of a custom address locator with the Google Geocoding API. It was used to evaluate how
well the Custom Locator had performed in comparison to the Google API's geocoding
results. The matrix had four categories for both systems: Point Matching, Street Matching,
Other Matching, and Unmatched. The yellow-highlighted numbers on the diagonal (46,682

for Point Matching, 2,315 for Street Matching, and 441 for Other Matching) represent
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strong agreements, where both the Custom Locator and the Google API classified the

address matches into the same category.

Google API Google API Google API Google API

Custom Locator Point Matching Street Matching Other Matching Unmatched
Point Matching 46682 5770 815 0
Street Matching 16012 2315 436 0
Other Matching 442 293 441 0
Unmatched 512 95 41 0

Table 12 - Confusion Matrix on Match Types

Point Matching: Custom Locator and Google API both identified 46,682 addresses

as Point Matching. However, 5,770 addresses had been identified as Street Matching, 815
as Other Matching by Google API, whereas the Custom Locator had identified them as

Point Matching.

Street Matching: both methods agreed on 2,315 addresses as Street Matching.

Google API classified 16,012 addresses as Point Matching and 436 as Other Matching that
the Custom Locator had identified as Street Matching. For addresses the Custom Locator
identified as Street Matching, Google API classified 5770 as Point Matching and 815 as

Other Matching, which were not in agreement with the Custom Locator.

Other Matching: a total of 441 entries were identified as Other Matching by both

methods. However, Google API classified 442 addresses as Point Matching and 293 as

Street Matching that the Custom Locator had identified as Other Matching.

Unmatched: this category represents the data that the Custom Locator could not
match, and hence there's no concept of Google API correctly rejecting these since it

attempted to classify all of them.
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Summary: the diagonal cells (highlighted in yellow) indicate the number of

instances where both the Custom Locator and Google API agreed on the matching.

The off-diagonal cells show where there was a discrepancy between the Custom
Locator's matching and Google API's. The first column for each category indicates the
Custom Locator's classifications, and the first row for each category indicates Google API's
classifications. A higher number in the diagonal cells indicates better agreement between
the two systems for that classification. A higher number in the off-diagonal cells indicates

more discrepancy between the two systems' classifications.

From this matrix, one can discern which types of matches are more consistently
agreed upon between the two systems and where the greatest discrepancies lie. A notable
point from the matrix was that there were many instances where Custom Locator identified
matches as 'Street Matching' (16,012 instances), but Google's API categorizes these same
instances as 'Point Matching'. This indicated a significant difference in how the two
systems classify these addresses. The primary reason for discrepancies in Matching Type is

the completeness of the data used to create the address locator.

Figure 30 provides a detailed illustration of a specific geocoding scenario
encountered during the creation of a custom address locator. This scenario arose in areas
where point addresses were not available. In such situations, the geocoding process relied
exclusively on Street Matching as its primary method. This means that when road data was
the only reference information available in these areas, Street Matching automatically

became the default output of the geocoding process.
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The type of matching depends on the available reference data.
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Figure 30 — areas where address points were not available.

Figure 31 provides a detailed comparison that highlights the differences in
geocoding methodologies between the Google API and the Custom Locator. Specifically, it
illustrates areas where the Google API employed Point Matching techniques, whereas the
Custom Locator utilized Street Matching. This contrast in approach was pivotal in
understanding the variations in Matching Type observed when comparing the Custom
Locator with the Google API. Such differences significantly influenced the accuracy of
geocoded results. Furthermore, it was important to note that there was a lack of clear,
publicly available information regarding how Google acquired address points in these

specific areas. The Google API's internal mechanisms and data sources for address point
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collection remained undisclosed, leading to uncertainties about the exact nature of its Point
Matching process. This lack of transparency affected the interpretability and reliability of
the geocoding results obtained from the Google API. It also raised questions about the
underlying processes and data sources that Google used for address point collection in these

arcas.

Google Point Matching vs Custom Street Matching

Legend
H Point Matching from Custom Locator Areas do not have address points reference o D25 05 1
H  Street Matching from Custom Locator Areas have address peints reference
Kilometers
A Peint Matching from Google AP l:l Rural Areas
A Street Matching from Google AP l:l Urban Areas

Figure 31 - Map showing Matching Types from Google API and Custom Locator.
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The Custom Locator and Google Geocoding API were compared across three
categories: Point Matching, Street Matching, and Other Matching. The ‘Selection by
Location’ tool was used to determine how many from each category fall into either urban or

rural areas.

Summary Table of Results for Urban Areas

Urban Area Custom Locator Google Geocoding API
Point Matching 46105 76.87% 54519 89.59%
Street Matching 13640 22.74% 5484 9.01%
Other Matching 234 0.39% 854 1.40%
Total 59979 100.00% 60857 100.00%

Table 13 - Summary Table of Results for Urban Areas

In urban areas, the Custom Locator successfully performed point matching in
46,105 addresses, accounting for 76.87% of the total, whereas Google's API excelled with
54,519 point matches, representing 89.59%. Conversely, street matching was less frequent,
with the Custom Locator achieving 13,640 matches (22.74%) compared to Google's 5,484
(9.01%). Figure 32 offers a visual representation of these disparities in geocoding methods

within urban areas.
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Matching in Urban Areas
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Figure 32 - Map showing Matching Types in Urban areas.

Summary Table of Results for Rural Areas

025

Rural Area Custom Locator Google Geocoding API
Point Matching 7162 54.15% 9637 74.15%
Street Matching 5123 38.73% 3020 23.24%
Other Matching 942 7.12% 340 2.62%
Total 13227 100.00% 12997 100.00%

Table 14 - Summary Table of Results for Rural Areas

In rural areas, there was a surprising trend towards more Street Matching. The

Custom Locator achieved 7,162 point matches (54.15%), while Google's API led with

9,637 point matches (74.15%). However, the Custom Locator recorded 5,123 matches
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(38.73%) compared to Google's 3,020 (23.24%). Figure 33 shows Matching Types in rural

arcas.

Matching in Rural Areas
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Figure 33 - Map showing Matching Types in Rural areas.

The distinct trends are revealed in the distribution of point, street, and other matches
in urban and rural areas, as identified by the Custom Locator and Google Geocoding API. A
significantly higher number of point and street matches are observed in urban areas
compared to rural areas for both methods. Of the 292,943 address points sourced from local
government for the custom locator, 238,940 are located in urban areas. This could be
attributed to the denser infrastructure and more complex addressing systems in urban

settings, which provide more data points for matching. The Google Geocoding API is seen
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to have a higher overall count in both categories, which suggests a more extensive database

or possibly more sophisticated matching algorithms.

Other matches are considerably lower across both methods. The absence of
unmatched records in the Google Geocoding API, in contrast to a small presence in the
Custom Locator, points to the Google Geocoding API's more comprehensive or efficient
matching capability. However, if the minimum score for the Custom Locator was set below
80, there would likely be an increase in match rates, representing a trade-off: sacrificing

location accuracy for a higher rate of successful matches.

To evaluate the performance of the Custom Locator in comparison to the Google

API, an additional confusion matrix was constructed for both urban and rural areas.

In urban areas:

URBAN Google API Google API Google API
Custom Locator Point Matching Street Matching Other Matching
Point Matching 42456 3290 359
Street Matching 11409 2116 115
Other Matching 26 125 83

Table 15 — Confusion matrix — matching types in Urban

In urban areas, there was an agreement on 42,456 addresses for Point Matching. The
off-diagonal cells showed where there was a disagreement between the Custom Locator and
the Google API's. For instance, there was a disagreement on 3,290 addresses that the
Custom Locator had matched as Point Matching, but the Google API had matched as Street
Matching. The yellow-highlighted numbers in the diagonal (42,456 for Point Matching,
2,116 for Street Matching, and 83 for Other Matching) represented strong agreements
where both the Custom Locator and the Google API had classified the address matches into

the same category.
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In rural areas:

RURAL Google API Google API Google API
Custom Locator Point Matching Street Matching Other Matching
Point Matching 5227 1743 192
Street Matching 3945 1024 154
Other Matching 318 95 529

Table 16 — Confusion matrix — matching types in Rural

In rural areas, 5,227 addresses were classified as Point Matching by both the
Custom Locator and the Google API. The non-diagonal numbers represented the
disagreements between the Custom Locator and the Google API's. For example, 1,743
addresses that had been classified by the Custom Locator as Point Matching but had been
classified as Street Matching by the Google API, indicating a disagreement. The yellow-
highlighted numbers (5,227 for Point Matching, 3,945 for Street Matching, and 529 for
Other Matching) were the cases where the Google API's and Custom Locator's has agreed

to.

The two confusion matrices provided comparisons between the Custom Locator and
the Google API for address matching, one for urban areas and one for rural areas. Both
matrices displayed agreements and disagreements in classifications across three categories:
Point Matching, Street Matching, and Other Matching. In the urban matrix, a strong
agreement was evident in Point Matching. However, there were also significant
disagreements, particularly where the Custom Locator's Street Matching was classified as
Point Matching by the Google API. The rural matrix followed a similar pattern, with the
highest agreement again in Point Matching. The matrix also showed substantial
disagreements, especially in the misclassification of Point Matching as Street Matching by

the Google API.
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4.3.2 Evaluating spatial accuracy in rural and urban areas.

To assess the spatial accuracy in both rural and urban regions, it's necessary to

evaluate the same addresses that were successfully geocoded using both methods across

these different areas, ensuring that the outputs for these addresses are of the same type,

such as point addresses or street addresses. The "Join by Attribute" tool was utilized to join

the output addresses from both methods, identifying same addresses successfully geocoded

by Custom Locator and Google Geocoding API's. Subsequently, the "Select by Attribute"

tool was applied to filter out matching type (PointAddress or StreetAddress). Lastly, the

"Selection by Location" tool was employed to isolate identical sets from both methods that

are located in either urban or rural areas.

Summary table for the same Point Matching addresses in urban and rural areas from

both methods.
Point Matching Total match Match in Urban Areas Match in Rural Areas
Custom Locator 53267 46105 7162
Google Geocoding API 64156 54519 9637
Same addresses from the output
results of both methods 47605 42416 5189

Table 17 — Same Point Matching addresses in urban and rural areas for both methods.

Summary table for the same Street Matching addresses in urban and rural areas

from both methods.

Street Matching Total match Match in Urban Areas Match in Rural Areas
Custom Locator 18763 13640 5123
Google Geocoding API 8504 5484 3020
Same addresses from the output

results of both methods 3192 2071 1121

Table 18 — Same Street Matching addresses in urban and rural areas for both methods.
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The ‘Sampling Design Tool’ was utilized to randomly select 150 addresses from

each of the following categories:

* 150 addresses from the identical set of 42,416 Point Matching in both methods,
located in urban areas.

* 150 addresses from the identical set of 5,189 Point Matching in both methods,
located in rural areas.

* 150 addresses from the identical set of 2,071 Street Matching in both methods,

located in urban areas.

* 150 addresses from the identical set of 1,121 Street Matching in both methods,

located in rural areas.

In total, 600 addresses from the results of each geocoding method were gathered.

When obtaining Parcel IDs for 600 sample addresses from the BC Assessment
website, not all addresses were associated with a corresponding Parcel ID. In some
instances, the search yielded an error message stating, “No title parcels were found for this
civic address, or related parcels may be historical or have yet to be added to the parcel

fabric.”

Table 19 shows the results from BC Assessment website search.

Type Parcel ID found in Urban Area | Parcel ID found in Rural Area
Point Matching 147 132
Street Matching 122 124

Table 19 — Result from BC Assessment website search.

The ‘Near by Group’ tool was used to calculate the distance between 600 samples
and the parcel polygon data based on the same Parcel ID. If the distance is 0, that means
geocoded address falls within the correct parcel polygon, and we assume it is spatially

correct. If it is different than 0, it is geocoded outside the correct parcel.
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Urban Result

Point Matching:

* The Custom Locator had 117 instances (79.59%) where the results fell within the
correct parcel, and the maximum error distance was 7.27 meters. The 90th and 95th
percentiles were at 0.00 meters, indicating that at least 90% and 95% of the output
results, respectively, had an error distance of zero, reflecting very high accuracy for

the majority of the data.

* The Google Geocoding API had 93 instances (63.27%) where the results fell within
the correct parcel, but a larger maximum error distance of 108.42 meters. Its 90th
and 95th percentiles were at 4.03 and 8.86 meters, meaning that 90% of the results
had an error distance of less than 4.03 meters, and 95% had an error distance of less

than 8.86 meters.

The Custom Locator is more accurate and consistent than the Google Geocoding API

for point matching, indicated by a higher success rate and much lower max error distance

and percentile values.

Figure 34 visualizes the cumulative percent versus the error distance for two

methods: Google Point Match and Custom Point Match in urban areas. The x-axis, labeled

"Distance to Correct Parcel (m)", represents the deviation of each method from the correct

location, measured in meters. The y-axis shows the Cumulative Percent as a percentage,

indicating the proportion of data points falling within a certain distance from the correct

location. The red line depicts Custom Point Match, and the blue line represents Google

Point Match. Both methods have a significant proportion of highly accurate matches (zero

error distance). The Custom Point Match method demonstrates more consistent accuracy
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CDF (%)

across all its matches, with generally lower error distances and less variability compared to

the Google Point Match method.
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Figure 34 — Chart displays Point Matching in Urban

Street Matching:

* The Custom Locator correctly matched 46 addresses (37.70%) to the correct parcel.
However, the error distance was very large with a maximum of 7692.79 meters. The
90th and 95th percentiles were 41.36 and 76.76 meters, respectively, which meant
that 90% of the matches had an error distance less than 41.36 meters, and 95% had
less than 76.76 meters.. This indicated a notable drop in accuracy and consistency

compared to its performance in point matching.

* The Google Geocoding API correctly matched 35 addresses (28.69%) to the correct
parcel, with a maximum error distance of 1427.38 meters. The 90th and 95th

percentiles were 49.98 and 256.34 meters, respectively, indicating that 90% of the
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matches had an error distance less than 49.98 meters, and 95% had less than 256.34

meters.

In the context of street matching, both methods show significantly lower accuracy
compared to point matching. The Custom Locator has a slightly higher success rate but a

much larger maximum error distance and lower percentile values.

Figure 35 compares the spatial accuracy of Google Street Match and Custom Street
Match. Similar to the first chart, the x-axis shows "Distance to Correct Parcel (m)", and the
y-axis represents the cumulative percent. The blue line corresponds to Google Street Match,
while the red line is for Custom Street Match. The cumulative percent values suggest that
for lower error distances, a significant proportion of matches for both methods are highly

accurate.
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Figure 35 — Chart displays Street Matching in Urban

The results are summarized in Table 20 below.
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Point Matching

In Correct Parcel

Max Error Distance (m)

90th Percentile

95th Percentile

Custom Locator 117 (79.59%) 7.27 0.00 0.00
Google Geocoding API 93 (63.27%) 108.42 4.03 8.86

Street Matching

Custom Locator 46 (37.70%) 7692.79 41.36 76.76
Google Geocoding API 35 (28.69%) 1427.38 49.98 256.34

Rural Result

Table 20 — Summary of spatial accuracy analysis in Urban

When the results of geocoding methods using a custom locator and Google

Geocoding were compared for Point and Street Matching in rural areas, notable differences

were observed:

Point Matching:

* Custom Locator: The Custom Locator correctly matched 124 addresses to the

correct parcel, with an accuracy of 93.94%. The maximum error distance recorded

was 1.59 meters, and both the 90th and 95th percentile errors were 0.00 meters,

indicating very high accuracy.

* Google Geocoding: Only 89 points were correctly located in the parcel (67.42%). A

significantly higher maximum error distance of 176.97 meters was shown. This

indicated less precision compared to the custom locator, possibly due to the

challenges of rural geocoding or the limitations of Google’s database in these areas.

The 90th percentile error was 6.65 meters, and the 95th percentile error was 14.10

meters.

In Point Matching, the Custom Locator is significantly more accurate andconsistent

than the Google Geocoding API, indicated by a higher success rate, much lower maximum

error distance, and low percentile values.

95| Page




Figure 36 illustrates the cumulative percentages of error distances for Google and

Custom Point Matching methods in rural areas.
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Figure 36 — Chart displays Point Matching in Rural

Street Matching:

* Custom Locator: the Custom Locator's accuracy dropped significantly, with only 38
correct matches in the correct parcel (30.65%) and a very high maximum error
distance of 4871.35 meters. The 90th percentile error was 115.22 meters, and the
95th percentile was 205.67 meters.

* Google Geocoding: The Google Geocoding API also saw reduced performance in
street matching, with 30 correct parcel matches (24.19%) and a maximum error
distance of 4955.8 meters. Its 90th percentile error was 222.81 meters, and the 95th

percentile error was even higher at 459.16 meters.

In the context of Street Matching, both methods show relatively low accuracy. The

Custom Locator has a marginally higher success rate but similar level of maximum error
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distance compared to the Google Geocoding API. This suggests that while the Custom
Locator is slightly better in terms of success rate, both methods are comparably unreliable

for Street Matching.

Figure 37 compares Google Street Match (in green) and Custom Street Match (in
purple). The x-axis shows the "Distance to Correct Parcel (m)", and the y-axis represents

the CDF in percentage terms.
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Figure 37 — Chart displays Street Matching in Rural

Table 21 provides a detailed comparison between a custom locator and the Google
Geocoding API, highlighting their performance in spatial accuracy for both point and street
matching in rural areas. It includes metrics such as the percentage of correctly identified
parcels and error distances at various percentiles, offering a clear insight into the

effectiveness of these geocoding solutions.
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Point Matching

In Correct Parcel

Max Error Distance (m)

90th Percentile

95th Percentile

Custom Locator 124 (93.94%) 1.59 0.00 0.00
Google Geocoding API 89 (67.42%) 176.97 6.65 14.10

Street Matching

Custom Locator 38 (30.65%) 4871.35 115.22 205.67
Google Geocoding API 30 (24.19%) 4955.8 222.81 459.16

Table 21 — Summary of spatial accuracy analysis in Rural

In summary, the custom locator demonstrated better spatial accuracy than Google

Geocoding in both Point and Street Matching, as evidenced by the higher number of

correctly identified parcels and smaller error distances. This indicates that customized

geocoding solutions may be more effective in rural areas. However, both methods showed

increased error rates in street matching compared to point matching, underscoring the

inherent challenges in rural geocoding.
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Chapter 5: Conclusions

Summary of Study

This study aimed to develop and evaluate a custom address locator for geocoding services
in British Columbia, specifically on Vancouver Island. The custom locator, built from
public data, was compared against the widely used Google Maps geocoding service. The
research focused on three primary objectives: identifying and evaluating suitable data
sources, building a custom address locator, and assessing the quality of geocoding results

from both the custom locator and Google Maps.

Realization of Objectives

* [dentifying and Evaluating Data Sources:

The study successfully identified and utilized data from various government levels and
Statistics Canada. The locator's foundation was its data. The data included address points,
road networks, points of interest, and locality which were crucial in building the custom
locator. This effort revealed the paramount importance of data scope and freshness. The
careful selection and integration of this data were pivotal in enhancing the locator's match
rate, particularly in rural areas where conventional geocoding services tend to be less

reliable.

* Building a Custom Address Locator:

A multi-role address locator was developed using ESRI's ArcGIS Pro software. The
creation of the locator was not just an exercise in technical prowess but also a
demonstration of the transformative impact of integrating diverse data formats. The custom

locator harnessed data in point and polyline formats to create a multi-role geocoding tool.
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* Evaluating Geocoding Results:

A thorough comparison of geocoding results underscored the custom locator's performance
in both rural and urban areas. The custom locator performed well in terms of match rate and
spatial accuracy, especially in rural areas. The study revealed that the custom locator
provided more accurate geocoding results in areas with less dense infrastructure, a

significant advantage for local applications.

Data Availability as a Cornerstone for Geocoding

Data availability emerged as the cornerstone for the custom locator's geocoding success:
the study demonstrated how rich, location-specific datasets could reshape geocoding tools,

making them more responsive to the nuances of local geographies.

The locator's design, specifically tailored to Vancouver Island, provided a blueprint for

developing geocoding solutions in other regions facing similar challenges.

Directions for Future Research

While the study offers valuable insights, it is limited to Vancouver Island and may not fully
represent the entire province of British Columbia. Future research could expand the scope
to include other regions for a more comprehensive understanding of the custom locator's
performance. Moreover, exploring the integration of real-time data updates and considering
the impact of urban development on geocoding accuracy could further enhance the utility

of custom locators. Future research should explore:

* Expanding the Scope: Wider application of the custom locator across diverse

geographies to validate its effectiveness.
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* Data Dynamics: The role of data recency and the impact of dynamic data updates on
geocoding accuracy.
* Technological Advancements: The incorporation of emerging technologies like Al

to predict and accommodate changes in geocoding landscapes.

Conclusive Insights

In concluding, the study affirms the critical role of targeted, current data in enhancing
geocoding accuracy. It underscores the potential of custom locators, particularly in areas
where data has been historically limited or outdated. The findings advocate for a shift
towards bespoke geocoding tools that are finely attuned to the data landscapes of their
intended regions, promising a future where spatial data analysis is as localized and current
as the communities it seeks to serve. Additionally, the study demonstrates the feasibility
and benefits of using publicly available data to build efficient geocoding tools, which can

be a cost-effective alternative to commercial services.
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Appendix A — Batch_Geocoding.py

Python script for batch geocoding of addresses using the Google Geocoding API.

import pandas as pd
import requests
import logging
import time

logger = logging.getLogger("root")
logger.setLevel(logging. DEBUG)

# create console handler

ch = logging.StreamHandler()
ch.setLevel(logging.DEBUG)
logger.addHandler(ch)

fomeemomeemeeeeeee CONFIGURATION

# Set your Google API key here.

# Even if using the free 2500 queries a day, its worth getting an API key since the rate limit is 50 / second.
# With API_KEY = None, you will run into a 2 second delay every 10 requests or so.

# With a "Google Maps Geocoding API" key from https://console.developers.google.com/apis/,
# the daily limit will be 2500, but at a much faster rate.

# Example: API_KEY = 'AlzaSyC9azed9tLdjpZNjg2_kVePWvMIBq154eA'

AP|_KEY ="'AlzaSyCzIsN_eecxYxo04iia00Z1_HWPUI_Uzoxg'

# Backoff time sets how many minutes to wait between google pings when your API limit is hit
BACKOFF_TIME =30

# Set your output file name here.

output_filename = 'OVR_output.csv'

# Set your input file here

input_filename = "OVR.csv"

# Specify the column name in your input data that contains addresses here
address_column_name = "Address"

# Return Full Google Results? If True, full JSON results from Google are included in output
RETURN_FULL_RESULTS = False

P DATA LOADING

# Read the data to a Pandas Dataframe
data = pd.read_csv(input_filename, encoding="utf8')

if address_column_name not in data.columns:
raise ValueError("Missing Address column in input data")

# Form a list of addresses for geocoding:
# Make a big list of all of the addresses to be processed.
addresses = data[address_column_name].tolist()

# **** DEMO DATA / IRELAND SPECIFIC! ****

# We know that these addresses are in Ireland, and there's a column for county, so add this for accuracy.
# (remove this line / alter for your own dataset)

addresses = (data[address_column_name] +',' + ', BC, Canada').tolist()
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P FUNCTION DEFINITIONS

def get_google_results(address, api_key=None, return_full_response=False):

Get geocode results from Google Maps Geocoding API.

Note, that in the case of multiple google geocode reuslts, this function returns details of the FIRST result.

@param address: String address as accurate as possible. For Example "18 Grafton Street, Dublin, Ireland"
@param api_key: String API key if present from google.

If supplied, requests will use your allowance from the Google API. If not, you

will be limited to the free usage of 2500 requests per day.
@param return_full_response: Boolean to indicate if you'd like to return the full response from google.
This

is useful if you'd like additional location details for storage or parsing later.

# Set up your Geocoding url
geocode_url = "https://maps.googleapis.com/maps/api/geocode/json?address={}".format(address)
if api_key is not None:

geocode_url = geocode_url + "&key={}".format(api_key)

# Ping google for the reuslts:
results = requests.get(geocode_url)

# Results will be in JSON format - convert to dict using requests functionality
results = results.json()

#if there's no results or an error, return empty results.
if len(results['results']) == 0:
output = {
"formatted_address" : None,
"latitude": None,
"longitude": None,
"accuracy": None,
"google_place_id": None,
"type": None,
"postcode": None
}
else:
answer = results['results'][0]
output = {
"formatted_address" : answer.get('formatted_address'),
"latitude": answer.get('geometry').get('location’).get('lat'),
"longitude": answer.get('geometry').get('location’).get('Ing'),
"accuracy": answer.get('geometry').get('location_type'),
"google_place_id": answer.get("place_id"),
"type": ",".join(answer.get('types')),
"postcode": ",".join([x['long_name'] for x in answer.get('address_components')
if 'postal_code' in x.get('types')])
}

# Append some other details:
output['input_string'] = address
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output['number_of_results'] = len(results['results'])
output['status'] = results.get('status')
if return_full_response is True:

output['response'] = results

return output

T — PROCESSING LOOP

# Ensure, before we start, that the API key is ok/valid, and internet access is ok

test_result = get_google_results("London, England", API_KEY, RETURN_FULL_RESULTS)

if (test_result['status'] !="'0K') or (test_result['formatted_address'] != 'London, UK'):
logger.warning("There was an error when testing the Google Geocoder.")

raise ConnectionError('Problem with test results from Google Geocode - check your API key and internet

connection.')

# Create a list to hold results
results =[]
# Go through each address in turn
for address in addresses:
# While the address geocoding is not finished:
geocoded = False
while geocoded is not True:
# Geocode the address with google
try:
geocode_result = get_google_results(address, API_KEY,
return_full_response=RETURN_FULL_RESULTS)
except Exception as e:
logger.exception(e)
logger.error("Major error with {}".format(address))
logger.error("Skipping!")
geocoded = True

# If we're over the API limit, backoff for a while and try again later.
if geocode_result['status'] == 'OVER_QUERY_LIMIT":
logger.info("Hit Query Limit! Backing off for a bit.")
time.sleep(BACKOFF_TIME * 60) # sleep for 30 minutes
geocoded = False
else:
# If we're ok with API use, save the results
# Note that the results might be empty / non-ok - log this
if geocode_result['status'] !="'0OK"

logger.warning("Error geocoding {}: {}".format(address, geocode_result['status']))

logger.debug("Geocoded: {}: {}".format(address, geocode_result['status']))
results.append(geocode_result)
geocoded = True

# Print status every 100 addresses
if len(results) % 100 == 0:
logger.info("Completed {} of {} address".format(len(results), len(addresses)))

# Every 500 addresses, save progress to file(in case of a failure so you have something!)

if len(results) % 500 == 0:
pd.DataFrame(results).to_csv("{}_bak".format(output_filename))
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# All done

logger.info("Finished geocoding all addresses")
# Write the full results to csv using the pandas library.
pd.DataFrame(results).to_csv(output_filename, encoding="'utf8')
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Appendix B — Address Processing Model

Model Overview:
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Tasks for processing address data in the model for the City of Nanaimo (tasks for the City

of Campbell River is similar):

B Ze
Fecuie e Add UNIT
St Calculate
‘without UNIT HOUSE
~ NUMBER
= .
Calculate
HOUSE Clear Selection
NUMBER
= =
Add Calculate
STREET_DIR STREET_TYPE
= X
Calculate
STREET_DIR CENETNY

Calculate FULL Add FULL
ADDRESS - ADDRESS

A
Add HOUSE
NUMBER

ad
STREET_TYPE

Calculate
‘Source Nanaimo

i
Select House
‘with UNIT

=
| Add STREET

Calculate CITY

T
Calculate UNIT

Calculate
STREET

Add Source
Nanaimo

110 | Page



Tasks for processing address data in the model for the City of Victoria (tasks for the other

13 municipalities are similar):
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All address data from 16 municipalities are combined into one feature dataset:

112 |Page





