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Abstract 

Geocoding involves the conversion of textual addresses or names of places into digital coordinates. 

Health researchers often use geocoding for studying the spatial distribution of populations based on a 

certain health outcome.  To conduct any form of geocoding, health researchers generally require the use 

of address based data (e.g. street addresses) that are commonly obtained through survey questionnaires or 

hospital registries. Due to Canadian privacy and confidentiality laws, high precision addresses must be 

masked or aggregated to coarser geographies. In Canada, most health studies adopt the use of postal codes 

as they are widely available and accessible. Traditionally, postal codes are geocoded based on the 

Statistics Canada geocoding methodology that links postal codes to geographic representation points. 

However, this approach can lead to bias 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. As a 

result, this research introduces a new postal code geocoding approach that can potentially improve upon 

the traditional approach by considering the land-use within postal code boundaries. Using two study areas 

(City of Kingston and the province of Ontario) the new and traditional approach were compared to 

determine which of the two better represents populations (based on residential location) at the postal code 

geography.  Results showed that the new approach significantly improved how populations are 

represented in rural areas, with minimal improvements for urban areas. The impact of the new approach 

was also examined using population accessibility to medical clinics in the City of Kingston. The level of 

impact was based on the amount of population that was misallocated (by the two approaches) to non-

nearest medical clinics. No significant difference was found in results between the two approaches with 

the new approach misallocating approximately the same amount of population (at both urban and rural 

areas) as the traditional approach. A larger study area that incorporates a higher number of rural postal 

codes is suggested (where the new approach has a higher geocoding positional accuracy) for future 

research.  
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Chapter 1 

Introduction 

 

1.1 Introduction 

Geocoding is the process of turning address information (e.g., street address and postal codes) into digital 

geographic coordinates. Geocoding is often performed using a Geographic Information Systems (GIS) 

program that allows one to display, organize and analyze spatial information. Geocoding involves the 

matching of textual addresses to a digital referenced database that contains spatially referenced addresses. 

Thus, the addresses stored in a digital database contain a set of geographic coordinates that reflect the true 

ground location of the address components (Goldberg et al., 2007; Goldberg, 2010; Esri, 2014a).  The  

CanMap RouteLogistics digital road database of DMTI Spatial Inc. (DMTI Spatial Inc., 2012b) is a 

popular (commercial and academic) reference database that is used for geocoding. The digital road 

network contains all the street attributes in Canada including the street names, suffixes, postal codes, city 

names and house numbers.  

 

Typical web based GIS services such as Google Maps and Yahoo Maps or popular desktop GIS programs 

such as Esri’s ArcGIS Desktop contain a function known as an address locator. When one specifies a 

certain address (in a search engine or provides a table of addresses), the address locator scans the 

provided address and matches its components to the components stored in the digital street database. 

When an address locator successfully matches the inserted address (to an address stored in the digital 

street database), a point is then generated on the map that represents the geographic location of the 

specified address. Most GIS programs such as Esri’s ArcGIS Desktop and MapInfo (Pitney Bowes) are 

often used in health related studies as they are capable of automatically geocoding multiple addresses at 

once. Additionally, these programs are equipped with various spatial analysis tools that health researchers  
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can utilize for analyzing the spatial distribution of geocoded points (Goldberg et al., 2007; Goldberg,  

2010; Bell et al., 2012; Yanow, 2013; ESRI, 2014b). 

 

In order to preserve the privacy of health study participants, Canadian federal, provincial and municipal 

government laws require that health studies aggregate high precision address data (e.g., street addresses or 

GPS points) to the postal code or coarser geographies. Unlike other geographies, postal codes provide the 

most precise indication of where individuals reside without revealing (in most cases) the exact location of 

their dwelling. Postal codes are also more widely available and attainable through survey questionnaires 

and hospital registries. Therefore, to conduct any form of research, health studies are either required to 

aggregate street addresses to the postal code geography or directly obtain postal code data from primary 

(e.g., interviews) or secondary data sources (e.g., health registries) (Kwan, 2010; Rushton et al., 2010). 

 

Traditionally in Canada, postal codes are geocoded to the block face, dissemination block and 

dissemination area representation points that are created by Statistics Canada.  At the urban scale, 

dissemination blocks typically follow the street networks. Each dissemination block consists of four block 

faces where each block face represents one street block (street between two intersections). Each block 

face represents one postal code boundary, thus each dissemination block typically consists of four postal 

code boundaries that are shaped in the form of irregular polygons or Thiessen polygons (all starting from 

the centre point of the dissemination block)(DMTI Spatial Inc., 2012a). In urban environments, postal 

codes are geocoded to block face representation points that are positioned approximately at the centre of 

street blocks and 5 to 10 meters perpendicular inside the associated postal code polygon (Statistics 

Canada, 2011). When this is not possible, postal codes are then geocoded to dissemination block 

representation points that are positioned at the centre point of the dissemination block boundary. 

Therefore, in urban environments, postal codes are commonly geocoded to the block face or the centre 

point of street blocks followed by dissemination block representation points that are located at the centre 
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of the dissemination block or at the centre of four street blocks (DMTI Spatial Inc., 2012a; DMTI Spatial 

Inc., 2012b; Statistics Canada, 2012; Statistics Canada, 2013a; Statistics Canada, 2013b).  

 

In suburban and semi-rural environments, postal codes are typically geocoded to the centre of streets or 

the centre of dissemination block representation points. However, in rural and remote environments, 

postal codes are generally geocoded to weighted dissemination area points. Dissemination areas consist of 

several dissemination blocks. The weighted dissemination area representation point is calculated based on 

the population weight of each of the dissemination block representative point that are within its boundary. 

Thus, the precise geographic location (or positioning) of the dissemination area representation point is 

influenced by the population weight of each dissemination block representation points (located at the 

centre point of the dissemination block) that is within the dissemination area boundary. Therefore, in 

urban areas postal codes are commonly geocoded to the block face and dissemination block 

representation points while in rural areas postal codes are geocoded to population weighted dissemination 

area representation points. More information regarding the different levels of census geographies that 

postal codes are geocoded to is presented in chapter 2 (Statistics Canada, 2012; Statistics Canada, 2013a; 

Statistics Canada, 2013b). 

 

The aforementioned traditional postal code geocoding approach that is widely used is health research can 

potentially lead to biased results obtained from health related studies. For instance, Bow et al. (2004) 

conducted a study in the City of Calgary where the direct (Euclidean) distance between the postal code 

(representation) point and the actual street address of 2,654 heart disease patients was measured. Based on 

this study, Bow et al. (2004) found that 88 percent of the postal codes were approximately 200 meters 

displaced from the actual residential street addresses of the study participants.  Furthermore, over 95 

percent of the postal codes were found to be displaced within 500 meters from the residential street 

addresses of study participants. Bow et al. (2004) concluded that the distance between geocoded postal 
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code points and actual residences are expected to increase in rural areas where postal code boundaries are 

much larger in size than in urban areas. Thus, the larger the census geography (e.g. dissemination area 

representative points) that postal codes are geocoded to, the higher the probability of displacement (or 

positional error) between the postal code point and the associated dwelling or residence (Statistics 

Canada, 2011; Bell et al., 2012).  

 

Another study conducted by Healy and Gilliland (2012), examined the impact of using various census 

representation points including postal code (representation) points on accessibility studies in health. Using 

the study area of Middlesex County (Southwestern, Ontario), Healy and Gilliland (2012) compared 

shortest road network distances between postal code points (or centroids) to health facilities (e.g., 6 

hospitals, 132 schools, 512 public recreation spaces, 1,215 junk food stores and 52 grocery stores). Based 

on their research, Healy and Gilliland (2012) found that shortest road network distances were 

overestimated by 762 to 1,363 meters in rural areas between postal code points and health related 

facilities in comparison to dwelling points (most accurate form of representing residential  areas) to health 

related facilities.  Studies conducted by Healy and Gilliland (2012) and by Bow et al. (2004) are examples 

of how the traditional postal code geocoding approach can lead to biased results in health related studies. 

It is fair to acknowledge that geocoding postal codes to the centre of street blocks (as performed by the 

traditional approach) may at times be relatively close to one’s actual residence. However, for rural areas, 

displacement between the postal code point and one’s actual residence tends to be larger which can lead 

to distance overestimations in accessibility based studies (Bell et al., 2012; Jaquez, 2012). 

 

How resources are distributed and prioritized can be influenced by biased results obtained from health 

studies and public health practices. For instance, positional errors from postal codes can affect the spatial 

distribution of individuals in areas that may be experiencing a certain outbreak. Furthermore, the severity 

of certain outbreaks or disease hot spots may be overestimated or underestimated due to the positional 
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errors (or displacement from residential areas) of the postal codes. Finally, distance measures obtained 

from accessibility studies can lead to misleading conclusions including the type of access populations 

have to certain health services. As shown by Healy and Gilliland (2012) distance measures (to healthcare 

facilities) involving postal codes were overestimated in relation to the actual dwelling locations. 

Therefore, it is important to not only address the uncertainties involved with the current postal code 

geocoding approach adopted  in health studies, but it is also important to consider how the current 

approach can potentially be improved, particularly for rural areas where biased results are more likely to 

occur (Bell et al., 2012; Jacquez, 2012).  

 

1.2 Research Questions and Objectives 

In this thesis, a new postal code geocoding approach is introduced that can potentially improve upon the 

traditional approach used in current health studies and public health practices. Unlike the traditional 

approach, the proposed approach geocodes postal codes to areas with the highest populations based on the 

coverage (size and spatial distribution) of residential areas within postal code boundaries.  

 

Two main research questions for this thesis are: 

1.   Does the proposed postal code geocoding approach compared to the traditional approach      

  improve how populations are represented in a postal code geography?  

2. How does the proposed postal code geocoding approach compared to the traditional approach  

impact measures in accessibility related studies in health? 

 

For the first research question, the new approach and the traditional approach are compared to determine 

which approach better represents populations (or has a better geocoding positional accuracy) for a postal 

code geography. Comparison was based on the mean distance proximity of urban and rural proposed and 

traditional postal code points to residential areas at both the municipal (City of Kingston) and at the 
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provincial (province of Ontario) scale. Therefore, the approach that had postal code points in closer 

distance proximity (or that had a lower average distance) to residential areas was considered as the better 

approach. A paired t-test statistical analysis was also performed to determine whether there was a 

significant difference of mean distances (to residential areas) between the two approaches as well as to 

determine if the mean distance to residential areas of the proposed approach was significantly lower (at 

both the urban and rural level) than the mean distance of the traditional approach.  

 

For the second research question, the City of Kingston (west side) study area was used to examine the 

level of impact that the proposed approach postal code points would have on a typical accessibility study 

(in health research) that involved population accessibility to (nearest) medical clinics.  For this analysis, 

optimal (or nearest) medical clinics that census generated population points (that acted as actual study 

participants) would ideally (based on nearest road distance) access from their actual dwelling location 

(e.g. street address) were determined. Additionally, for this analysis the number of population points that 

were misallocated to non-nearest medical clinics were also determined when aggregated or assigned to 

the nearest proposed and traditional approach postal code points. Then the two approaches were 

compared based on the amount of error or misallocated points that they produced. Thus, the level of 

impact that the proposed approach had was a function of the amount of error (misallocated population 

points) it produced in comparison to the traditional approach. A paired t-test was performed to compare 

the differences in the number of misallocated population points between the two approaches and also to 

determine if the proposed approach had a significantly lower number of misallocated population points 

than the traditional approach. 
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1.3 Structure of the Thesis 

This thesis consists of six chapters. The background overview, goals and objectives have been presented 

in Chapter 1. The second chapter consists of a literature review that provides a background concerning 

geocoding, why postal codes are used in health research and the bias that result from the traditional  

postal code geocoding approach used in health studies. A new approach to postal code geocoding is 

introduced along with the methodology of how it is implemented in chapter 3. In chapter 4, a comparison 

analysis between the proposed and traditional postal code geocoding approaches is first performed in 

order to determine which of the two approaches better represents populations in a postal code geography. 

A second analysis that examines the impact of the proposed postal code geocoding approach on 

population accessibility to medical clinics is performed. In Chapter 5, the results and findings of the two 

analyses are provided. A detailed discussion and review of the findings is provided along with 

recommendations and final conclusions are presented in Chapter 6. 
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Chapter 2 

Literature Review 

 

2.1 Defining 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 et al., 2007, p.33). The term geocoding 

stems from two main words, Geo which in Latin means Earth and coding which means to apply a rule that 

converts one “piece of information into another” (Goldberg et al., 2007). In certain cases, geocoding can 

be referred to as a form of address matching that involves the matching of address elements (street name, 

street number or postal code) to a spatially referenced database that contains the same address elements 

(Drummond, 1995; ESRI, 2014c). In other cases, geocoding refers to the geographic representation of 

place names (e.g., city names) or building names (Levine et al., 1998). Thus, geocoding literally means to 

“assign a geographic code” to either a street address, postal code or text data that reflects the name of a 

place or a building (Dueker, 1974). Figure 2.1 illustrates the basic concept of turning descriptive location 

data into geographic coordinates.   

  
Figure 2.1: An example of converting descriptive location data into geographic coordinates. Data  

can also be aggregated into aerial units for spatial analysis purposes (Source: Goldberg, 2010).  

One of the first applications of geocoding took place in the 1960s when the US Census converted  
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residential addresses and the names of buildings into geographical zones that were represented by 

numerical codes (O'Reagan & Salfeld, 1987; Goldberg et al., 2007). Early approaches to geocoding 

lacked the appropriate technology to use digital geographies resulting “in low-resolution non-geographic 

outputs of postal addresses and names of buildings to be represented by the census blocks that they 

belonged to” (Goldberg et al., 2007, p.34). Since the 1990s, there have been significant improvements 

with regards to the development of higher-resolution digital geographies (including digital street networks 

and digital census boundaries) resulting in higher precision location representations of geocoded outputs.  

Thus, today geocoding can be performed through the use of street intersections (Levine et al., 1998), 

different census geographies, (Sheehan et al., 2000), postal codes or neighbourhood boundaries (Gatrell, 

1989; Collins et al., 1998; Sheehan et al., 2000; Krieger et al., 2002; Hurley et al., 2003; Sheehan et al., 

2000), geographic features that have been provided with a name (Davis Jr. et al., 2003; “United Nations 

Economic Commission”,  2005) and “textual descriptions of locations” (Wieczorek et al., 2004; 

Hutchinson et al., 2005; ESRI, 2014;). The U.S. Census Bureau’s introduction of the TIGER 

(Topologically Integrated Geographic Encoding and Referencing) digital street network database 

signified a major stepping stone towards achieving geocoded outputs represented at higher resolution 

locations (Dueker, 1974; O‘Reagan et al., 1987; Martin, 1998; Ratcliffe, 2001).  

 

Figure 2.2 provides an illustration of the forces that have contributed to the evolution of geocoding in 

health research and public health practices. Some of these forces include digital street networks, aerial 

polygon boundaries (including health units, parcel, census and postal code or zip-code boundaries) as well 

as the development of various GIS tools (e.g., Esri’s ArcGIS Desktop and extensions) and healthcare 

databases containing information regarding the health status and residential addresses of health 

individuals (Rushton et al., 2010).  
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Figure 2.2: Forces that contributed to the evolution of geocoding in public health practices including 

digital road networks and census polygon boundaries (Source: Rushton et al., 2010).  

 

2.2 Geocoding approaches and conceptualization 

Geocoding can be performed using Geographic Information System (GIS) software that allows one to 

collect, display, organize and analyze geographic data (Clarke, 2003; ESRI, 2014a). Geocoding can be 

performed using various desktop, open source and web based GIS services. High market desktop GIS 

programs include ESRI’s ArcGIS 10.x, MapInfo (Pitney Bowes), Geomedia (Intergraph), Smallworld 

(Smallworld Inc. and General Electric) and SME (Safe software) while popular open source GIS 

programs include KOSMO (SAIG S.L.), GRASS (GRASS Development Team) JUMP (OpenJump) and 

Quantum GIS (QGIS).  Popular web based mapping services include Bing Maps (Microsoft), Yahoo 
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Maps (Yahoo Inc.), Google Earth and Google Maps by Google Inc. (“Directions Magazine”, 2011; Tsou 

& Smith, 2011; Yanow, 2013).  

 

The most precise approach to geocoding populations involves the use of latitude and longitude 

coordinates where coordinates collected from a GPS system are matched to the x y coordinates in a GIS 

system (Rushton et al., 2010). This approach may be applied when public health researchers use GPS 

handheld devices in order to record certain health (e.g., injuries) or environmental (e.g. pollution or 

contamination) incidences. This type of geocoding is seldom used when hundreds or perhaps thousands of 

x y coordinates need to be manually collected (Rushton et al., 2010).  Although this procedure is costly 

and time consuming, it can, however, produce very accurate geocoding results (most GPS systems can 

record ground measurements within 3 meters) (GPS.gov, 2014). Geocoding of GPS points may also 

become more popular in the future as satellite imagery and other digital sources can be used to 

geographically reference residential buildings “Low-cost receivers can be used by field-workers to record 

coordinates for residence locations, and geocoding software is used to establish a one-to-one 

correspondence between the address assigned to each residence and its GNSS (Global Navigation 

Satellite System)-derived coordinate” (Rushton et al., 2010, p.20). Although GPS points can expose the 

true residential location of individuals (when used in health related studies), such data can be aggregated 

to coarser geographies including the postal codes, census boundaries (dissemination areas) or health 

region boundaries (Goldberg et al., 2007). 

 

The most popular approach to geocoding involves the use of postal data. According to Goldberg et al. 

(2010) the most common data to be geocoded are postal addresses that include street addresses and postal 

codes.  The reason being that postal addresses are among the most widely available and accessible type of 

information that can be obtained by almost any individual. Furthermore, Goldberg et al. (2010) states that  
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address geocoding is cited often throughout the literature as a national health goal that will ―be 

the basis for data linkage and analysis in the 21st century... address data are how people locate, 

situate, and navigate themselves, and are presently the easiest method by which to describe one‘s 

location (p.21). 

Geocoding (street addresses) is often performed using a spatially referenced digital road network file that 

is essentially a database that contains a set of attributes (including street names, house numbers, prefixes, 

suffixes, postal codes, cities and provincial names) that are each geographically referenced.  Thus, each 

house number within a digital road network is represented by a pair of latitude and longitude coordinates 

that reflect the true ground (or geographic) location of the residence on a particular street. Figure 2.3 

shows the address attributes for a selected group of street segments within a neighbourhood in London, 

Ontario.  The CanMap RouteLogistics (DMTI Spatial Inc., 2012b) is among the most popular digital road 

network products used in Canada for geocoding, spatial or network analysis purposes (Bell et al, 2012; 

ESRI, 2014b; ESRI, 2014c). 

 
Figure 2.3: An illustration of a digital road network used for geocoding addresses in ArcGIS 10.1. A 

digital road network contains a set of attributes including street names, street length and street address 

ranges (left and right side of streets). 
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As aforementioned, the digital road network file is a large geospatial database that contains thousands of 

street attributes including the street name, street number, city, province, street type, road length etc. The 

digital road network database is often linked to an address locator file that matches the specified street 

names and residence number (from a table containing postal addresses or within a search engine) to the 

street network database (a process also known as address range interpolation). Therefore, the address 

locator can also be considered as an address matcher that takes specified addresses (from one or more 

postal code or street addresses) and matches them to corresponding addresses stored in the digital road 

network database resulting in a geocoded point being placed along a digital road network (Bell et al., 

2012; Bell et al., 2012; ESRI).  

 

An alternative type of geocoding involves the use of location based data (postal codes or street addresses) 

that can be linked (in a one-to-one relationship) to the centroid of residential parcel boundaries. “A 

coordinate is normally assigned either to the centroid of the parcel or to the location of the centre of the 

building footprint (e.g.: residence) on the parcel” (Rushton et al., 2010, p.21). Similarly, location based 

data can be linked to various census geographies including postal code boundaries, dissemination blocks, 

dissemination areas, census tracts etc. Typically, location data are often geocoded to the centroid (centre 

point) of such census boundaries (dissemination areas, census tracts etc.) or in certain cases they are 

placed based on population weight calculations. Table 2.1 provides an overview of how geocoding is 

conducted in ArcGIS software (or in a typical GIS program)( Rushton et al., 2010; Bell et al., 2012; 

Statistics Canada, 2013b; ESRI, 2014b). 
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Table 2.1: Geocoding steps performed in a typical GIS program such as ArcGIS (Source: ESRI, 2014b). 

 

2.3 Privacy and Confidentiality Issues  

Due to Canadian municipal, provincial and federal laws, street addresses and other forms of high 

precision location based data (e.g. GPS) are often prohibited from being used in health related studies.  

For instance, a process known as “reverse geocoding” allows one to retrace or identify the actual location 

of a particular individual that was geocoded in a health study (e.g. asthma). As an example, one can use a 

reverse geocoding technique that allows one to identify potential addresses based on residential land-use 

that is within an aerial unit that was used for aggregating individual based data (such as a street address or 

GPS point). As a result, health studies are often required to use less precise location based data such as 

postal codes that can be directly obtained from hospital registries and health survey questionnaires (refer 

to Appendix A for information on zip code geocoding). In other cases, studies that use high precision 

location based data are often required to aggregate such data (process known as geographic masking) to 

the postal code. Therefore, much of the geocoding in health studies rely on the use of postal codes. This is 

problematic as postal code points do not always reflect the true residential location of individuals. This 

often can contribute to biased results in health studies that use residential postal codes of study 

participants for spatial analysis (Rushton et al., 2010; Kwan, 2013).  
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2.4 Structure of Postal Codes in Canada  

The postal code in Canada (created for the sortation and delivery of mail) consists of six alphanumeric 

characters that are organized in the format of ANA NAN (where the “A” is an alphabetic letter and the 

“N” represents a number) that consists of two components including the FSA (Forward Sortation Area) 

and the LDU (Local Delivery Unit).  The FSA in the format of letter-number-letter represents a major 

area or boundary within an urban or rural region (Bell et al., 2012).  According to Statistics Canada 

(2011) by May of 2011 there were over 1,636 FSA (with 1,454 FSA designated for urban mail delivery 

and 184 for rural mail delivery) in use across all provinces. The LDU represents the smallest mail 

delivery unit within an urban region.  The first letter of the FSA represents a province, territory or a major 

area within a province (refer to table 2.2).  The second character of the FSA represents either a rural area 

(if the value is zero) or an urban area (if the value ranges between 1 and 9) (Statistics Canada, 2011).  As 

shown in table 2.3, there are instances where certain residential buildings such as apartment buildings and 

townhouse complexes are represented by their own postal codes (refer to table 2.3).  

 

Urban postal codes generally equate to a block face or to a street block that is aligned with the street 

network. One street block, or block face is commonly equivalent to one postal code. Thus, four street 

blocks or block faces create one dissemination block consisting of four postal code boundaries. The postal 

code boundaries are generally shaped as irregular polygons or Thiessen polygons that meet at the centre 

point of the dissemination block. In rural areas, postal codes are much larger and irregular in size than in 

urban environments (See Appendix E). Digital postal code boundaries in rural areas are split into multiple 

polygons due to geographic features including water bodies or infrastructure features such as rural roads 

and highways (Check Appendix (DMTI, 2012a; Statistics Canada, 2013b). 



 

 

 

16 

 
Table 2.2: A list of alphabetical letters that belong to the first character of the FSA (Forward 

Sortation Area) component of the postal code. Each letter represents a particular province in  

Canada (Source: Statistics Canada, 2011).  

 

 

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)  

• a community mailbox (commonly called super mailboxes)  

• an apartment building  

• a business building  

• a large firm/organisation that does considerable business with CPC  

• a 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 2.3: A list of individual features that are represented by their own local area unit (LDU) in urban 

and rural areas (Source: Statistics Canada, 2011). 

 

 

 

 

 



 

 

 

17 

2.5 Traditional Approaches to Postal Code Geocoding  

In urban areas, postal code boundaries generally follow the street blocks that make up the smallest census 

unit known as the dissemination block.  Generally in urban areas, a dissemination block is made up of 

four block faces (one block on each side of dissemination area).  Block faces are mainly street blocks that 

are extended between two street intersections. Each dissemination block can consist of multiple postal 

code boundaries where one block face is represented by one postal code boundary. In rural areas, postal 

code boundaries are much larger and irregular in size.  Some rural postal code boundaries are split into 

multiple boundaries by landcover or infrastructure features (e.g. rural roads and highways). Digitally, 

postal code boundaries, particularly in urban areas are represented in the form of Thiessen polygons 

(irregular shaped triangles) that meet at the centre point of the dissemination block. Thus, four block faces 

within a dissemination block would consist of four Thiessen polygons as the six alphanumeric postal 

codes.  Figures 2.4 and 2.5 display how two or more postal code boundaries fit into the dissemination 

block boundary (Statistics Canada, 2011; Statistics Canada, 2012; Statistics Canada, 2013a; Statistics 

Canada, 2013b).  
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Figure 2.4: An example of different levels of census geographies that postal codes are geocoded to.  

These include the block face, dissemination block and dissemination areas (Source: Statistics Canada, 

2012). 

 

Postal code points are generally linked to geographic area (block face, dissemination block and 

dissemination area) representation points (refer to figures 2.4 and 2.5). The representation points are 

calculated by Statistics Canada using ArcGIS software (9.3.1). These points are generated using a 

Lambert Conformal Conic projection and also converted into latitude and longitude coordinates. The 

representation points are computed to be positioned approximately midway between two street 

intersections, or at the centre of block faces. Furthermore, the points are positioned at a perpendicular 

distance of 0.5 – 10 meters from the centre of the street block into the postal code boundary that makes up 

that street block. The reason for placing these points further into the block is to ensure that there is no  

 

 

Block-face: One side of a street between two consecutive 

intersections, such as one side of a city block. 

Dissemination Block (DB): Area equivalent to a city 

block bounded by intersecting streets. These areas cover 

all of Canada. 

Dissemination Area (DA): Small area composed of one or more 

neighbouring dissemination blocks, with a population of 400 to 700 

persons. All of Canada is divided into dissemination areas. 

Block-face representative points 
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confusion as to what block does the representation point belong to (Statistics Canada, 2011, Statistics  

Canada, 2012, Statistics Canada, 2013a; Statistics Canada, 2013b). 

 

Statistics Canada along with the Canada Post Corporation (CPC) created the Postal Code Conversion File 

(PCCF) which is a digital database that stores all the postal codes in Canada along with their associated 

centroid latitude and longitude coordinates. The postal code coordinates reflect the location (one to one or 

one to many relationship) of geographic area points at the block face, dissemination block and 

dissemination area level. The PCCF is commonly used by Canadian industries and institutions for spatial 

analysis purposes including accessibility or spatial pattern analysis applications in health.  

Through the link between postal codes and standard geographic areas, the PCCF permits the 

integration of data from various sources. The geographic coordinates attached to each postal code 

on the PCCF are commonly used to map the distribution of data for spatial analysis (e.g., clients, 

activities). The location information is a powerful tool for marketing, planning, or research 

purposes. (Statistics Canada, 2011, p.7) 

Thus, the PCCF is commonly used as a geocoding tool by linking postal codes to block face, 

dissemination block or dissemination area representative points. In certain situations, postal codes can be 

linked to more than one geographic area as postal code boundaries can overlap more than one census 

boundary. “The PCCF contains multiple records for a postal code when the postal code straddles more 

than one block-face, dissemination block, or dissemination area of more than one dissemination block 

boundary” (Statistics Canada, 2011, p.10). Thus, in certain cases postal codes can have a one to one 

relationship or one-to-many with the most precise geocoding output being that at the block face 

geographic level. When there is more than one representational point for a particular postal code point, 

the PCCF assigns the dominant (one to one relationship) point to the geographic area point with the 

majority of dwellings “the single link indicator identifies the geographic area with the majority of 

dwellings assigned to a particular postal code”(Statistics Canada, 2011, p.10). For instance, if the postal 
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code point overlaps two dissemination blocks, the dominant (single link) point will be assigned to the 

dissemination block with the higher number of dwellings.  Additionally, for some postal codes (with 

multiple links to block faces) are also provided with links to community mail boxes (within 200 meters of 

the community mail box) in mainly suburban areas. According to the PCCF documentation, 94% of the 

postal code data are linked to these three types (block face, dissemination block and dissemination area) 

of geographic representation points (Statistics Canada, 2011). Figure 2.5.1 shows how the PCCF is used 

for geocoding postal code data to the centre of street segments. 

 
     Figure 2.5: An illustration of how postal codes are linked to census geographic areas including the   

     block face and dissemination  block representation points (Source: Statistics Canada, 2013b). 
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Figure 2.5.1: An illustration of how postal code data is geocoded using the Postal Code Conversion File 

(PCCF) and a digital road network (Source: Geocoding health data, 2012).  
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2.5.1 How representational points are calculated for geographic areas 

Statistics Canada ensures that census geographic representation points do not fall within water bodies. 

The ArcGIS software used by Statistics Canada runs a topology check that relocates any points that fall 

within water bodies to non-water areas closest to the centroid (representation point) of the geographic 

area (e.g. dissemination area).  There are instances where the entire dissemination area polygons are 

located within water bodies and thus the representation points will be left at the centre of the 

dissemination area. If a dissemination area is 90% entirely covered by water, then the representative point 

will be moved to the centre point of the 10% non-water area within the dissemination area. With the 

exception of dissemination areas, all representation points are unweighted (population not used as a 

weighting factor in the placement of the geocoded point) for all other census geographies (e.g. 

dissemination blocks, census tracts, or block faces)(Statistics Canada, 2013b). 

 

Unlike the block face and the dissemination block representation points, the mean geographic location of 

the dissemination area representation points are calculated using a population weighted approach. 

Statistics Canada uses two main equations for calculating the mean centre of the dissemination area. The 

first equation is used when the dissemination area has a population greater than zero while the second 

equation is used when the population is equal to zero.  The mean geographic location of the dissemination 

area representative point is calculated based on the population weight of the dissemination block 

(representative) points (located at the centre of dissemination block boundaries). The higher the 

population weight of a dissemination block point the more influence it has on the geographic placement 

(or positioning) of the dissemination area representative point (Statistics Canada, 2013b).  
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The first equation is calculated by multiplying the population of the dissemination blocks (within the 

dissemination area) by the x coordinate of their representative point. As an example in Figure 2.5.2,  

dissemination block 1 contains an easting x coordinate of 7472000 and a population of 5,000. Then the x-

coordinate of this block is multiplied by its population. The same procedure is performed for the other 

dissemination blocks within the dissemination area. The total value of all the multiplied x-coordinates of 

these blocks by their population is then calculated and divided by the total population of the blocks. The 

resulting value will be the x-coordinate of the representative point for the dissemination area. This same 

procedure is performed to determine the weighted mean location of the y-coordinate where the population 

of each dissemination block is multiplied by the y-coordinate of their representative point. After 

conducting these two procedures the weighted representative point of the dissemination area is 

determined. When the dissemination area population is zero, the values of all x and y coordinates of the 

dissemination blocks are added and then divided by the total number of the dissemination blocks within 

the dissemination area. Figure 2.5.2 shows how the second formula is applied by adding up all the values 

of the x coordinates and all the values of the y coordinates of the three blocks then dividing these values 

by 3 which is the total number of blocks (Statistics Canada, 2013b). 
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      Figure 2.5.2: A mean weighted formula used for calculating the representation point for a  

      dissemination area that contains population. The geographic location of the dissemination area 

      representative point is based on the population weight of dissemination block representative points 

      that are located within the dissemination area boundary (Source: Statistics Canada, 2013b). 

 

Statistics Canada also uses an additional method for representative points that fall outside the 

dissemination area (due to crescent polygons) or that fall in areas containing water bodies. The calculation 

is based on a minimum squared distance that is weighted by the population of the dissemination blocks 

within the dissemination area. There are two equations used for performing this methodology, the first 

equation is for dissemination areas containing populations greater than zero and the second equation is  
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for dissemination areas containing populations equal to zero (Statistics Canada, 2013b).  The logic behind 

the first equation (Figure 2.5.3) is to determine the distance between the representative point of each 

dissemination block to the rest of the representative points of the blocks inside the dissemination area. 

The distances are then squared and multiplied by the population of the dissemination blocks. The values 

of dissemination block in question are then totalled. As an example, in figure 2.5.3 there are 3 

dissemination blocks. The x and y coordinates of the representation point from dissemination block 1 are 

subtracted by the x and y coordinates of dissemination block 2 representative point. After the x 

coordinates have been subtracted from each other they are then squared. Similarly, the y coordinate value 

of block 1 is subtracted by the y coordinate value of block 2 then squared. The two x and y coordinate 

values that have been squared are then added and multiplied by the population of block 2.  The same 

procedure is conducted for determining the distance between dissemination block 1 and dissemination 

block 3. The total distance between dissemination block 1 and dissemination block 2 and dissemination 

block 1 and dissemination block 3 are added totalling to the overall distance between block 1 and the rest 

of the dissemination blocks in the dissemination area. This same procedure is performed to determine the 

distance between dissemination block 2 with dissemination block 3 and 1 and dissemination block 3 and 

dissemination block 2 and 1. The block with the lowest distance to the other dissemination blocks is 

selected as the representative point for the dissemination area (Statistics Canada, 2013b).  

 

The second equation (Figure 2.5.3) is an unweighted squared distance calculated for each dissemination 

block where the representative point from the dissemination block with the lowest distance to other 

dissemination blocks is selected as the representative point for the dissemination area. The unweighted 

squared distance is calculated by subtracting the x and y values from the representative points between 

one dissemination block and the rest of the blocks in the dissemination area. These values are then 

squared and added. The total unweighted squared distance is then calculated between one dissemination 

block and the rest of the blocks in the dissemination area. The representative point of the block with the 
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lowest squared distance (in comparison) to other dissemination blocks is chosen as the representative 

point for the dissemination area (Statistics Canada, 2013b).  

 
      Figure 2.5.3: A minimum squared distance formula used for calculating dissemination area  

      representative points that fall outside dissemination areas or are located in dissemination areas that  

      contain water bodies (Source: Statistics Canada, 2013b). 
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2.6 Positional error involved in Postal Code Geocoding  

Positional errors involved in postal code geocoding can be attributed to various factors including the input  

of incomplete postal code data information, error within the digital database that contains improperly  

spatially referenced postal code coordinates as well as error relating to the geographic boundary of postal  

codes (Jacquez, 2012). Error may also be attributed to the setup of sensitivity parameters within the postal  

code address locator (that can affect the matching sensitivity or the matching scores between the provided 

postal code data and the geographically referenced postal codes within the digital database).  Despite 

certain exceptions (such as apartment buildings or townhouse complexes that contain their own postal 

codes), there is always some positional error that is associated with geocoding and postal code geocoding 

in particular. As mentioned in section 2.5, postal code points are generally geocoded at the block face 

geography, precisely at the centre of a street block between two intersections. In most cases, this 

automatically leaves a marginal distance or positional error between the actual residential location and the 

centre location of the street segment (Bell et al, 2012; Jacquez, 2012 ESRI, 2014). 

 

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 dissemination areas. Again, a 

marginal error between the geocoded postal code point and the actual residential address location is 

expected with a higher marginal error to be expected for rural areas (at the dissemination area geography).  

Similarly, postal codes geocoded to postal box office locations also contain a certain amount of positional 

error.  

First, geocoding positional accuracy depends strongly on the extent of rural, such that geocoding 

is far more accurate in urban areas. In practice this likely is determined by the density of 

addresses in urban areas, which reduces variability in the frontage along street segments (Jacquez, 

2012, p.9).  



 

 

 

28 

Therefore, postal code points in rural locations tend to have a higher positional error than postal codes in 

urban areas where there is a higher population density (PCCF, 2011; Bell et al, 2012; Healy & Gilliland, 

2012; Jacquez et al, 2012; Statistics Canada, 2013a; Statistics Canada, 2013b). 

 

Bow et al. (2004) compared the positional error between postal codes and associated residential street 

addresses of 2,654 heart disease patients in the City of Calgary. The study used Statistics Canada’s postal 

code conversion file (PCCF) to geocode the postal code points as well as the City of Calgary’s digital 

road network to geocode the street addresses of the patients. Positional error was calculated using direct-

Euclidean distances between the postal code and the associated street address locations. Results showed 

that 88 percent of the postal codes were displaced (or had a positional error)  approximately of 200 meters 

away from actual residential locations (residential street addresses) while 95 percent of the postal codes 

were displaced at within 500 meters from the actual residential street addresses (Bow et al., 2004). 

The study was conducted only for urban areas in Calgary and thus was unable to make any conclusions 

with regards to the magnitude of positional error of postal codes in rural areas. However, the study 

suggested that positional error would most likely increase in rural areas (Bow et al., 2004).  Despite the 

lack of studies conducted to measure the extent of positional error involved with the current postal code 

geocoding approach, there have been multiple studies that have shown errors attributed to the geocoding 

of higher precision addresses such as street address ranging between 58 and 96 meters (between street 

address and actual dwelling) in urban areas and 129 and 614 meters in rural areas (Bell et al., 2012). One 

can assume that when such positional errors are observed for high precision location based addresses (e.g. 

street addresses) then the magnitude of these positional errors would inevitably be higher for lower 

precision location based addresses including postal codes.   
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2.7 Impact of positional error in accessibility based studies in health 

One of the major health applications involving postal code geocoding includes accessibility. Accessibility 

studies in health generally concentrate on how accessible are certain points of interest such as health 

services (e.g. hospitals and healthcare clinics) to certain populations at study (Jacquez et al., 2012). 

Accessibility can be measured using various approaches including road network distance (or drive times) 

between one’s residence to the nearest health facility. Additionally, accessibility can be measured in the 

form of density counts, such as determining the number of health facilities within an aerial unit (census or 

neighbourhood boundary), within a buffer specified at a particular distance from the road network, within 

a road network service area or a radial buffer from an individual’s residence (Bell et al., 2012; Healy & 

Gilliland, 2012; Jacquez et al., 2012).  Healy and Gilliland (2012) provide an explanation of a typical 

accessibility study in health:  

Accessibility is typically measured in relation to the distance between subject populations and 

selected environmental features, and is often operationalized as a binary variable (i.e., 

accessible/inaccessible, exposed/not exposed) or a density variable (i.e., number of sites within, 

volume of contaminant within) in relation to an areal unit or ‘buffer’ of a certain threshold 

distance (radius) around the subject’s address (p.56). 

Furthermore, accessibility can be measured in the form of cost distance based on raster grid cell values 

(Bell et al., 2012). Another non-spatial approach to accessibility is based on demographic or 

socioeconomic factors such as age, sex or income at a particular geographic scale (Rushton et al., 2010; 

Bell et al., 2012).    

 

There are a few studies that have investigated the impact regarding the positional error of postal code on 

accessibility (Bell et al., 2012; Healy & Gilliland, 2012; Jacquez, 2012). Healy & Gilliland (2012) 

quantified the impact of postal code positional error on accessibility to health related facilities (public 

recreation spaces, schools, grocery stores, junk food retailers and hospitals) located within the City of 
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London and Middlesex County region in Ontario. The study compared the shortest road network distance 

between multiple census geographic representative points (including postal code representative points) to 

healthcare facilities and the shortest road network distance of dwelling centroids (most precise location of 

residential locations) to health related facilities. Accessibility measures were based on 6 hospitals, 132 

schools, 512 public recreation spaces, 1,215 junk food stores (including convenience stores) and 52 

grocery stores.   

 
       Figure 2.6 Geographic representation points used for calculating nearest distances to 

       healthcare facilities (Source: Healy & Gilliland, 2012).  

 

Median distance measures were organized by urban, suburban, small town and rural areas. The results of 

the study showed that in relation to the median shortest distances between dwelling centroids and health 

related facilities, postal code median shortest distances were 373 to 1,177 meters longer for small towns 

and 762 to 1,363 meters longer for rural areas (see Table 2.7.1). As can be seen in table 2.7.1, there were 
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large differences for each individual health related facility with postal codes shortest distances to 

healthcare facility being much longer than the dwelling centroids.   

Table 2.4: Shortest distance measures between census geographic points and healthcare facilities 

categorized by rural, small town, suburban and urban scales.  The shortest distances between postal code 

centroids (or points) are underlined in red. The study compared the postal code point distances to nearest 

health facility to the distances between dwelling points (most accurate) to nearest health facilities (Source: 

Healy & Gilliland, 2012). 

 

2.8 Summary 

 

This chapter started off with a brief history of geocoding. The concept of geocoding and how geocoding 

is performed in a typical GIS program was also discussed. Also covered, was the privacy issues 

associated with the geocoding of high precision addresses (e.g. street addresses) and how such addresses 

must be masked or aggregated to coarser geographies by health related studies. Furthermore, an 

explanation of the traditional postal code geocoding approach (that most health researchers in Canada 

use) was also covered. Finally, this chapter also discusses the bias that can arise when the traditional 

postal code geocoding approach is applied in health related studies. 
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Chapter 3 

Proposing a new postal code geocoding approach for health studies 

3.1 Conceptualization and Implementation 

Chapter 2 introduced the traditional approach that health studies generally use for geocoding postal code 

data. As was discussed, this approach of geocoding postal codes to the block face, dissemination block 

and weighted dissemination area representative points can lead to bias or misleading results in health 

studies (Statistics Canada, 2013a; Statistics Canada, 2013b). Although the traditional approach provides a 

logical means of representing populations, there is still room for improvement with regards to the 

positional accuracy that populations are represented at the postal code geography.  Therefore, this 

research proposes a new postal code geocoding approach that can potentially reduce the bias observed 

from the traditional approach, particularly in rural areas where major positional errors (distance between 

the postal code point and actual residence) can occur. 

 

The proposed approach takes into consideration the spatial distribution of populations that are within the 

postal code boundaries. The spatial distribution of populations is specifically based on the size and 

distribution of residential land-uses that are within the postal code boundaries. Thus, the distribution as 

well as the size of residential areas is the main weighting factor in the geographic positioning of the 

geocoded postal code (representative) point. Residential designated areas are any areas that are 

specifically designated (by municipalities) as residential land-uses or that contain any form of dwelling, 

including a farm, apartment building or townhouse complex (City of Ottawa, 2014). When available, a 

substitute to the residential land-use boundaries would be the dwelling footprint boundaries (or residential 

building footprints). In contrast to the residential land-use boundaries, the dwelling footprint boundaries 

provide a more defined representation of where populations reside based on the actual outlines of 

residential buildings (City of Kingston, 2014a). Digital dwelling boundary data are not as widely  
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accessible (as the residential land-use boundary data) as county and municipalities that maintain such data 

may be restricted from sharing such information. Materials used for generating the proposed approach 

postal code points include the digital dissemination block boundaries and their corresponding census 

populations (obtained from Statistics Canada), digital postal code boundaries (DMTI Spatial Inc., 2012a) 

and residential land-use boundaries (DMTI Spatial Inc., 2012b). Digital dissemination block boundaries 

were used as they are the smallest census unit at representing populations and thus most appropriate for 

aggregating populations into the postal code boundaries (Statistics Canada, 2012).  

 

The following steps provide an overview of how the proposed approach postal code points are created 

using ArcGIS software (refer to table 3.1, figure 3.1, 3.2 and 3.3): The first step of generating the  

proposed approach postal code points involves the calculation of population density within the 

dissemination blocks (this is to provide a more logical means of representing population). Once the 

population density is calculated for all the dissemination blocks, then the dissemination blocks are 

overlaid with the postal code boundaries. Next, the total census population within the postal code 

boundary is aggregated based on the area of the overlaid (or intersected) dissemination blocks. This 

particular procedure works by dividing the area of the overlaid dissemination blocks by the total area of 

the postal code boundary, then this area is multiplied by the total population of the dissemination block. 

Dissemination blocks that have a larger area overlapping the postal code boundary, have a higher 

influence on the overall total population of the postal code boundary. As shown in Figure 3.1, 

dissemination block A has been overlaid with a postal code boundary. The overlaid area (with the postal 

code boundary) of dissemination block A is then divided by the total area of the postal code and then 

multiplied by the population of the dissemination block A. This same procedure is performed for 

dissemination block B and C. Finally, the total aggregated population for dissemination blocks A, B and 

C are summed to determine the total population for the postal code boundary. 
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Figure 3.1: An illustration of how the dissemination block population density is aggregated into the 

postal code boundary.  

 

Once the total population within the postal code boundary has been calculated, the next step is to 

aggregate this population within the residential land-use boundaries (or the dwelling footprints) that are 

spatially distributed within the postal code boundary. For instance, if there is one residential land-use 

boundary (within the postal code boundary), then the total population represented by the postal code will 

be aggregated to that residential land-use boundary. If there are, however, multiple residential boundaries, 

then the population will be aggregated based on the area weight or area size proportion of the residential 

land-use boundary. If there are two residential areas within the postal code boundary and one covers 80% 

of the total residential area within the postal code boundary, then 80% of the postal code population will 

be aggregated into that residential land-use boundary. Thus, the larger the area of the residential boundary 

the higher the proportion of the population from the postal code boundary it will represent. Similarly, 

larger dwelling footprints (when used) represent a higher population proportion of the postal code 

boundary.  An example in Figure 3.2 shows how the population of 500 is aggregated into three residential 
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land-use boundaries. As shown, the population weight of each residential boundary is determined and 

then the population weight is multiplied by the total population of the postal code boundary. 

 
      Figure 3.2: An example of how population from the postal code is aggregated into the residential  

      land-use boundaries.  

 

Once the postal code population has been aggregated into the residential boundaries, the next step is to 

have each of these populations (within the residential boundary) represented by the centre point or 

centroid of the corresponding residential boundary. Thus, the population of the residential boundaries is 

represented by the centroids of the (corresponding) residential boundaries (Figure 3.3). The final step is to 

determine a representative point (that will act as the postal code representative point) based on the spatial 

distribution and population weight of the residential land-use (centroids) points. Those residential points 

that are in closest proximity and have the highest population (among the other residential points) will 

have a stronger influence on the placement of the postal code representative point. The six alphanumeric 
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postal codes can then be geocoded to the newly created postal code (centroid) points. This final step is 

calculated using the spatial statistics distance mean weighted tool in ArcGIS. 

  

ArcGIS contains three important geoprocessing tools including the “Intersect”, “Dissolve” and the “Mean 

Statistics” tool that are used for generating the proposed postal code representative point. The Intersect 

tool is used for overlaying operations including the overlaying of dissemination blocks with the postal 

code boundaries and the overlaying of postal code boundaries with the residential land-use boundaries. 

The Dissolve tool is used for aggregating census population from the dissemination block into the postal 

code boundaries as well as aggregating the census population from the postal code boundary into the 

residential land-use areas distributed within the postal code boundary. The Mean Statistics tool is an 

important tool as it calculates the distance and weighted population between the residential areas 

(centroids representing the population) to generate the postal code representative point.  

 

Table 3.1: Provides an overview of the processes involved for generating the proposed postal code points 

approach. Figures 3.3, 3.4 and 3.5 also provide a visual demonstration of the entire process of generating 

the proposed approach postal code points.   Figure 3.3 shows how populations are aggregated from the 

dissemination blocks into the postal code boundary. This is done with the Intersect and Dissolve tools in 

ArcGIS. Then in Figure 3.4 the postal code population is aggregated into the residential boundaries using 

again the Intersect and the Dissolve tool. Finally, the Mean Statistics tool is used in ArcGIS to calculate 

the distance and population weight between the residential areas within the postal code boundary. The 

proposed approach postal code point is then generated based on the calculation of the Mean Statistics 

tool.  
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Table 3.1: Basic steps for generating the proposed postal code representative points in ArcGIS.  

 

 

 
 Figure 3.3: An example of how dissemination blocks are overlaid with the postal code boundary  

 (A, B and C). Step D and E involve the aggregation of census population from the overlaid  

 (or intersected) postal code boundaries in the polygon boundary. 

 

 

Steps ArcGIS geoprocessing procedures for creating the proposed approach postal code points 

Step 1 Aggregate the census population density into the postal code boundary. 

Step 2 Aggregate postal code population into the residential land-use boundaries. 

Step 3 
Represent the residential land-use populations in the form of centroids (Points at the center of 
the residential land-use boundaries). 

Step 4 
Calculate postal code representative point based on the distance and population weight of the 
residential land-use centroid points. 
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    Figure 3.4: An example of how the proposed approach postal code point is created based on the use  

    of residential land-use boundaries. The population from the postal code boundary is aggregated into  

    the residential boundaries. The population of each residential area is then represented as a centroid.  

    The postal code point is then generated based on the distance and population weight of the residential  

    centroids. 

 

 
Figure 3:5: An example of how the proposed approach postal code point is created based on  

the use of dwelling boundaries.  

 



 

 

 

39 

Chapter 4 

 Methodology 

4.1 Comparing the proposed approach to the traditional approach 

In Chapter 3, a new postal code geocoding approach that takes into consideration the spatial distribution 

of populations based on residential land-uses was introduced. The proposed approach was developed with 

the anticipation that it would improve upon the traditional approach as the traditional approach does not 

consider where residential land-uses are specifically located leading to positional errors when postal 

codes are geocoded. Therefore, one of the main objectives of this research was to investigate if the 

proposed approach would improve upon the traditional approach.  

 

Thus, a study at both the provincial (Ontario) and municipal level (west side of the City of Kingston, ON) 

was conducted in order to determine how well the proposed approach represents populations in 

comparison to the traditional approach.  The reason for using two study areas was mainly due to data 

availability. For the City of Kingston, the study was able to obtain very precise residential data in the 

form of digital dwelling footprint boundaries (see Appendix B, Figure B.1) from Queen’s University 

Libraries (that has a geospatial license data agreement with the City of Kingston). Digital dwelling 

footprint boundaries provide very precise outlines of residential buildings and thus a relatively good 

indication of where populations actually reside (see Appendix B). For the province of Ontario, the study 

was unable to obtain dwelling footprint boundary data, thus instead the study used the digital residential 

land-use use boundaries (see appendix B) provided by DMTI Spatial Inc. (DMTI Spatial Inc., 2012b). 

These boundaries also provide a relatively good indication of where populations are concentrated. 

However, unlike the dwelling footprints, they do not indicate the actual boundaries or outlines of 

residential buildings, rather they provide a more general area designated as residential (by municipal 

governments) incorporating neighbourhood streets, yards and green areas (e.g. parks)(City of Ottawa,  
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2014). Despite not being able to use the dwelling (footprint boundary) residential data for the provincial 

study area, the residential land-use data still provided a meaningful indication (although not as precise as 

the dwelling footprint boundaries) with regards to where residential areas were concentrated within the 

postal code boundaries. Furthermore, using the Ontario study area provided an opportunity to compare the 

two approaches based on a higher number of rural postal codes where a larger difference in distances 

between the traditional and proposed approach postal code points would be expected.  

 

The research question for this analysis was:  Does the proposed approach better represent populations at 

the postal code geography than the traditional approach? For both study areas, distances between the 

proposed and traditional approach postal code points to residential areas that were distributed within the 

postal code boundary were compared. For instance, for the City of Kingston, the study calculated the 

direct (Euclidean) distance from each proposed approach postal code point to each dwelling footprint 

centroid (centre point of the dwelling footprint) that was located within the same postal code boundary 

(refer to figure 4.1.3).  Based on this procedure, average distances were derived between the proposed 

approach postal code points to all dwelling footprint centroids that were distributed within corresponding 

postal code boundaries. The same procedure was performed for the traditional approach postal code 

points. Similarly, at the provincial level, distances between the proposed and traditional approach postal 

code points to residential land-use areas were calculated. Therefore, for each postal code boundary, the 

average distance between the proposed and traditional approach postal code points to residential areas at 

both the municipal and provincial study areas were calculated and compared.  

 

For the two approaches, mean distances (to residential areas) were compared to determine which 

approach was on average closer to residential areas in both urban and rural areas for both study areas. A 

paired t-test statistical analysis was also performed to determine whether the mean distances were 

significantly different and also whether the mean distance of the proposed approach was significantly 
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lower than the traditional approach. A lower mean distance to residential areas would signify that the 

proposed approach postal code points were on average closer to residential areas and thus better at 

representing populations or have a higher positional accuracy.  

 

4.1.1 Study areas and materials  

The total number of postal code boundaries (that contained residential land-use data) for the province of 

Ontario was 234,398 of which 5,949 were rural and 228,449 were urban (Figure 4.1.1). All rural postal 

codes along with 10,000 randomly selected urban postal codes were included as part of the analysis from 

the Province of Ontario. The urban and rural areas for the Province of Ontario study area were based on 

the urban and rural FSA boundaries defined by Statistics Canada. The west side of the City of Kingston 

covered a total of 242 square kilometers, of which 54 square kilometers consisted of urban postal code 

boundaries while 181 square kilometers consisted of rural postal code boundaries. In total, the Kingston 

study area contained 3,288 urban and 43 rural postal code boundaries with residential areas that were used 

as part of the analysis (Figure 4.2.1). The urban and rural area of the west Kingston study area was 

determined based on the rural and urban boundary limits as defined by the City of Kingston (City of 

Kingston, 2014b). 
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         Figure 4.1.1: Displays the postal code boundaries in the province of Ontario study area.  

 

 
         Figure 4.1.2: Study area based in the west of the City of Kingston, ON.  



 

 

 

43 

ESRI’s ArcGIS Desktop (ESRI, version, 10.1) software was used for performing all the geoprocessing 

operations including the generation of the proposed approach postal code points. Residential land-use 

boundaries along with the postal code boundaries and traditional approach postal code points were 

obtained from DMTI Spatial Inc. The digital dwelling footprint boundaries used for the City of Kingston 

study were created by the City of Kingston and obtained from Queen’s University Libraries (that has a 

geospatial data license agreement with the City of Kingston). Overall, the study contained the 

dissemination block boundaries, postal code boundaries, traditional and proposed approach postal code 

points, the residential land-use and the dwelling footprint boundaries. SAS statistical software (version 

9.3) was also used for comparing mean distances from the proposed and traditional approach postal code 

points to residential areas.  

Figure 4.1.3: Materials used within the west Kingston study area including the proposed and traditional 

approach postal code points as well as the postal code boundaries.  
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4.1.2 Topology Check and Data Integrity 

Before conducting the analysis, data integrity checks were performed to ensure that all postal code, 

dwelling, residential land-use and dissemination block digital polygon boundaries were properly 

enclosed.  Regarding topology, precautions were taken to make sure that all the proposed and traditional 

approach postal code points were contained within their own postal code boundary. Some of the postal 

code points from the traditional approach were not available in the postal code suite database provided by 

DMTI Spatial Inc. Therefore, the study simply provided those postal codes with the most appropriate 

representative points based on the methodology used by the traditional approach. For instance, ArcGIS 

software was used to generate representative points and place them at the centre of street blocks between 

two intersections. In total, there were 23 urban postal code boundaries that were created from traditional 

postal code points.  

 

4.1.3 Analysis   

The first step of the analysis was to generate centroids (points at the centre of polygon boundaries) for 

each dwelling footprint and residential land-use boundary that were distributed within the postal code 

boundaries. The second step involved a direct distance (Euclidian) calculation between the proposed and 

traditional approach postal code points to each dwelling (for the Kingston study area) and residential 

land-use centroid (Ontario study area) distributed within the postal code boundaries. Thus, for every 

postal code boundary within the west Kingston study area, the direct distance (meters) between the 

proposed and traditional approach postal code points to each dwelling centroid was calculated and an 

average distance was based on these calculations. Figure 3.3.4 provides an example of how an average 

direct distance between the proposed and traditional postal code points and three dwelling centroids is 

determined. Similarly, the mean distance calculations between the proposed and traditional postal code 

points to residential land-use centroids were determined for the Ontario study area.  
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Distance measures for the province of Ontario were based on a sample size of 10,000 urban postal codes 

that represented 228,449 urban postal codes.  The 10,000 urban postal codes were randomly selected 

using the “Subset Features Tool” in ArcGIS 10.1. The subset features tool allows one to specify a certain 

number of points or polygons that one would want to randomly select from a particular set of point or 

polygon features. A sample of 10,000 urban postal codes was considered to be an adequate representation 

of the total urban postal codes in Ontario as there is little variation with regards to boundary size among 

urban postal code boundaries (in relation to rural postal code boundaries)(DMTI Spatial Inc., 2012b). For 

the Ontario study area all the 5,949 rural postal codes were used (that contained residences) while for the 

City of Kingston (west) study area all the urban (n=3,288) and rural (n=43) postal code boundaries were 

included as part of the analysis.  

 

The research question for this analysis was as follows: Does the proposed approach improve upon the (by 

having a lower mean distance to residential areas) traditional approach in terms of representing 

populations at the postal code geography? This question was answered by calculating and comparing the 

overall mean distance to residential areas between the two approaches.  ArcGIS was used to calculate the 

minimum, maximum, mean and standard deviation of mean distances between the two approaches to 

residential areas. SAS software was used (version 9.3) to perform a paired t-test statistical analysis that 

allowed the study to determine if there was a significant difference in mean distances (to residential areas) 

between the two approaches. Additionally, it was also determined if the proposed approach mean distance 

(to residential areas) was significantly lower than the traditional approach.  

 

A paired t-test was considered as an appropriate test statistics since it compares two types of measures in 

accordance to one entity (Field, 2009). Thus, in the case of this analysis two types of postal code points 

were compared (one from the traditional and the other from the proposed approach) that belonged to the 

same postal code boundary.  All mean distance measures between the two approaches were compared at 
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the urban and rural level for both study areas.  In addition, before conducting the analysis (comparing  

mean distances to residential areas between the two approaches), the distance measures at both the urban 

and rural were found not to be normally distributed. This was more evident for urban areas where most 

distances were similar due to low variation in the size of postal code boundaries (see Appendix E).  

Figure 4.1.4: An example of measuring the distance between the proposed and traditional approach 

postal code points and residential areas within a postal code boundary. For the City of Kingston, 

residential areas were represented in the form of dwelling centroids, while for the Ontario study area, 

residential areas were represented in the form of residential land-use centroids.  An average distance  

between the proposed and traditional approach postal code points to residential areas (dwelling footprint 

centroids) was determined.  
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4.2: Impact of the proposed approach on accessibility studies in health 

4.2.1 Introduction  

Accessibility studies in health often involve the use of distance measurements between a certain 

population at study and certain environmental features or health services. Road network and Euclidean 

(straight) distances are two common distance measures between the population at study and healthcare 

services (Health & Gilliland, 2012). Additionally, accessibility can be measured in the form of density, 

such as determining the number of healthcare services within a certain sized buffer around an individual’s 

residential address. Based on the type of accessibility study, health researchers may also use a certain 

threshold to determine low, medium, high accessibility, accessibility or no accessibility. Such thresholds 

may be based on the number of healthcare service counts within a proximity buffer (e.g. road network or 

circular buffer) or a certain distance between the subject’s address and healthcare service (Healy & 

Gilliland, 2012).  

 

The first analysis determined whether the proposed approach provided a better representation of 

populations (had a higher geocoding positional accuracy) at the postal code geography than the traditional 

approach. The objective of the second analysis was to examine the impact of the proposed approach on an 

accessibility study in health. Impact was based on the amount of error that the proposed approach 

produced in comparison to the traditional approach. Error was measured based on the number of 

population points that were misallocated to non-nearest medical clinics (after populations were 

aggregated or assigned to the nearest proposed and traditional approach postal code points). Thus, for the 

second analysis the study aimed to determine whether the proposed approach was able to produce less 

error (lower number of misallocated population points) than the traditional approach (Example in 

Appendix D). The analysis involved population accessibility to the nearest medical clinic within the west 

side of Kingston, Ontario. In total, there were 16 medical clinics within the study area. For computation 

and consistency purposes, the analysis was based on the assumption that individuals (population points) 
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typically access medical clinics that are in closest road distance to their residence. It is worth mentioning 

that individuals do not access medical clinics strictly based on proximity to their home as there are other 

factors such as language spoken, ethnicity, familiarity and even availability (some clinics do not accept 

new patients).   However, for this analysis, it was not possible to include all the factors of why certain 

individuals choose to access certain clinics. Additionally, the study participants were not actual real study 

participants and thus the most logical factor to determine accessibility to clinics was based on distance 

proximity. 

 

For this accessibility study, population points were randomly generated based on the population of 

dissemination area boundaries that covered the study area (each dissemination area boundary contained a 

certain number of randomly distributed points that reflected its census population). Then, for each 

population point, the medical clinic that was in closest road distance proximity was determined. The total 

number of population points that accessed each medical clinic was also calculated. Thus, for this analysis, 

optimal clinic is defined as the clinic that is in closest road distance to each randomly generated 

population point. 

 

In the next step of the analysis, an aggregation of the population points (as health studies would typically 

perform to preserve the privacy of study participants) to the nearest (Euclidian distance) proposed 

approach postal code points was performed. Thus, each proposed approach postal code point contained a 

certain number of aggregated population points. Then each of the proposed approach postal code points 

was assigned to the nearest medical clinic (based on nearest road distance). Then, for each medical clinic 

the total number of proposed approach postal code points were assigned (that were in closest road 

distance) along with the total number of population points that were aggregated to those proposed 

approach postal code points. As an example, Figure 4.2.1 shows how population points are assigned to 

the nearest proposed approach postal code points (with Point A containing a total of 10 population points 
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and Point B containing total of 7 population points). Next, the proposed approach postal code points are 

assigned to the nearest clinic (Clinic 1). Therefore, clinic 1 has a total of 2 proposed approach postal code 

points and a total of 17 population points. The same aggregation procedure was performed for the 

traditional approach postal code points, where for each medical clinic the study determined the total 

number of traditional approach postal code points (that were in closest road distance) along with the total 

number of population points that were aggregated to those traditional approach postal code points (see 

examples provided in figure 4.2.1 and in Appendix D). 

 

 
Figure 4.2.1: An example of how the proposed approach postal code points are assigned to the nearest 

clinic along with the population points that were aggregated to the proposed approach postal code points. 

 

The purpose of this analysis was to determine how many of the population points were misallocated to 

non-nearest medical clinics once they were aggregated to the proposed and traditional approach postal 

Proposed Postal Code Point A 

Proposed Postal Code Point B 
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code points. This type of misallocation situation (when data are misallocated to a different location after 

being aggregated to a certain feature or geography) is generally known as the partitioning error (Chen & 

Church, 1998). Figure 4.2.2 shows how medical clinics A and B have the same number of population 

points based on the population points before and after aggregation to the proposed approach postal code 

points. However, despite both clinics serving the same number of population points (after aggregation), 

they each actually serve different population points, resulting in the partitioning error (4 misallocated 

population points). Another example is displayed in Figure 4.2.3, from a population of 5, clinic A 

contains 3 population points and clinic B contains 2 population points that are in closest road distance. 

After these 5 population points have been aggregated to the nearest proposed approach postal code points, 

2 of the 5 population points have been misallocated to clinic B instead of their actual optimal (nearest 

clinic) which is clinic A. Thus, the partitioning error consists of 2 misallocated population points. 

 

Therefore, for this analysis, the study examined the differences in the number of misallocated population 

points between the two approaches. Differences in the number of misallocated population points between 

the two approaches were examined for each medical clinic at both the urban and rural level. For statistical 

analysis, a paired t-test was used to determine if there was any significant difference in the number of 

misallocated points between the two approaches and also if the proposed approach had a significantly 

lower number of misallocated population points than the traditional approach. The lower the amount of 

misallocated population points the lower the error (or impact) produced by the two approaches. 
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Figure 4.2.2: An example of how populations are misallocated when they are aggregated to the 

nearest proposed approach postal code points. In A1 and A2, population points are assigned to the 

nearest clinic. In B1 and B2, the population points are aggregated to the nearest proposed approach 

(postal code) points. After the population points have been aggregated, they are actually misallocated 

to different clinics (non-nearest) resulting in 4 population points being misallocated due to the 

positioning of the proposed approach points. 

 

 
Figure 4.2.3: An example of how populations are misallocated when they are aggregated to the nearest 

proposed approach points. The top row (1A, 1B and 1C) shows how population points are assigned to 

each medical clinic based on shortest road distance. In 2A, 2B the population points are aggregated to the 

nearest proposed approach postal code points. As a result of this aggregation, 2 population points have 

been misallocated to non-nearest clinics. 



 

 

 

52 

4.2.2 Study Area and Materials  

For this analysis, the same study area was used as in the first analysis, west side of the City of Kingston, 

Ontario. The analysis was conducted using ESRI’s ArcGIS Desktop 10.1 software along with its network 

analyst extension. The DMTI Spatial Inc. digital road network (CanMaps RouteLogistics streetfiles) 

database (DMTI Spatial Inc., 2012b) that contains various attributes including the name, length and speed 

limit of each street segment was also included.  The network analyst extension along with the digital road 

network was used for determining which one of the medical clinics were in closest road distance to the 

population points and also to the proposed and traditional approach postal code points. Medical clinic 

addresses were obtained from the online Yellow Pages Directory (www.yellopages.ca) and then geocoded 

into ArcGIS.  The dissemination area boundaries along with their corresponding 2011 census population 

were obtained from Statistics Canada. The dissemination area boundaries and census population were 

used for randomly generating population points within each dissemination area. The traditional approach 

postal code points were obtained from the CanMap Postal Code Suite, 2012 created by DMTI Spatial Inc.  

The analysis used a total number of 3,288 urban and 43 rural proposed and traditional approach postal 

code points. Additionally, SAS software (version 9.3) was also used for calculating the differences in the 

number of misallocated population points between the two approaches.  
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Figure 4.2.4: Materials used in the analysis for the  City of Kingston (West)  study area, including the 

proposed approach postal code points, traditional approach postal code points, the 2011 dissemination 

areas and the medical clinics.  

 

4.2.3 Analysis 

The initial step of the analysis was to generate randomly distributed population points within each of the 

173 dissemination area boundaries across the study area. The number of randomly distributed population 

points was based on the 2011 census population (Statistics Canada) of the dissemination areas. The 

dissemination area boundaries ranged from very small (urban) to very large (rural) in size with some of 

the smaller urban boundaries containing much higher population numbers. To avoid overcrowding of  
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population points (particularly for small dissemination area boundaries) the population of each  

dissemination area was divided by 10. As previously mentioned, the generated population points “acted” 

as dwellings or residential locations (e.g. street address) of health study participants. In total there were 

9,596 population points. 

 
          Figure 4.2.5: Randomly generated population points. Population points were generated based  

          on the census population within their corresponding dissemination area boundary.   

 

After generating the randomly distributed population points, the medical clinic (1 of 16) that was in 

closest road distance to each population point was then determined. This procedure was performed using 

the DMTI Spatial Inc. digital road network along with the network analyst extension (closest facility 

option) in ArcGIS Desktop 10.1.  Thus, the network analyst extension provided an output table displaying 

the population point ID and the ID of the closest medical clinic by road distance. Adjustments for one-

way streets (vehicle routing) were also included as part of the road distance calculations.   
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Accessibility measures were summarized as follows: For each population point, the study identified the 

nearest (by road distance) medical clinic. Thus, each population point was provided with its own ID and 

another ID that represented the medical clinic (ranging from 1 to 16) that was in closest road distance. 

Then for each medical clinic, the study calculated the total number of population points that were in 

closest road distance. The measures were further summarized based on urban and rural population points. 

Population points were categorized as urban and rural based on their location within the urban and rural 

city boundary limits designated by the City of Kingston (City of Kingston, 2014b).    

 
Figure 4.2.6: Illustration of how road distances were calculated between population points and the 

nearest medical clinics. The table to the right shows how the distances were organized based on 

population and clinic ID.  Although the nearest road distances were obtained, they were not actually used 

as part of analysis.  

 

 

After calculating the road distances between population points to the nearest medical clinic,  then the 

Nearest Neighbour tool in ArcGIS was used for aggregating (Euclidean distance) the population points to 

the nearest proposed and traditional approach postal code points (aggregation procedure was conducted 

separately for each approach). For the distance measures, only the proposed and traditional approach 

postal code points that contained aggregated population points were included (in order to determine which 

medical clinics would population points access after being aggregated to the proposed and traditional 
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approach postal code points). In total, there were 2,702 proposed and 2,648 traditional approach postal 

code points (from the 3,288 postal codes) that contained aggregated population points.  

 

After the aggregation process, again the Network Analyst extension was used to determine which of the 

16 medical clinics was in closest road distance to the proposed and traditional approach postal code 

points. By using this procedure, the study identified which of the medical clinics were in closest 

proximity to the population points that were aggregated to the proposed approach points.  Thus, the study 

generated an output that displayed one column with the clinic ID, another column displaying the ID of the 

proposed approach postal code points that were in closest road proximity (that corresponded to the clinic 

ID) along with the population points that were aggregated to the proposed approach postal code points. 

The same aggregation and distance procedures were performed for the traditional approach postal code 

points (see table 4.2.1). 

Clinic ID Proposed Approach Postal Code Point ID Nearest Distance (m) Population Point ID 

1 707 1532.75 505 

1 707 1532.75 532 

1 705 1394.89 853 

1 705 1394.89 889 

1 705 1394.89 890 

1 1005 315.87 900 

1 1005 315.87 901 

Table 4.2.1 Example of an output table that shows how the proposed approach postal code points were 

assigned to the nearest medical clinics. The nearest distance (m) field shows the shortest distance to 

medical clinic while the Population Point ID is the ID of the population point that is aggregated to the 

proposed approach postal code point and assigned to the same medical clinic as the proposed approach 

postal code point. As an example, Population point with ID 505 is aggregated to the proposed approach 

postal code point ID 707 and assigned to the same clinic as the population point 707 (Clinic 1).  
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Clinic ID 
# of Population points 
(before aggregation) 

assigned to nearest clinic 

# of Proposed approach 
postal code points 

assigned to nearest clinic 

# of Population points 
aggregated to the proposed 
approach postal code points 

1 1613 458 1577 

2 291 126 280 

3 568 141 588 

4 251 113 257 

Table 4.2.2: Example of an output table that shows the total number of proposed approach postal code 

points that were in nearest distance to medical clinics (clinic 1,2,3 and 4) along with their total aggregated 

population points. The first column represents the total number of population points that were in closest 

road distance to 4 of the 16 medical clinics. The second number refers to the total number of proposed 

approach postal code points that were assigned to the four clinics. The third column are the population 

points that have been aggregated to the nearest proposed approach postal code points (from second 

column) and assigned to the same clinic as the proposed approach points that they were aggregated to. As 

an example, 1,577 population points were aggregated to 458 proposed approach postal code points and 

assigned to clinic 1 as the proposed approach postal code points. 

 

 

The number of misallocated population points was calculated by determining which medical clinic each 

population point accessed before aggregation and after aggregation to the proposed and traditional 

approach postal code points. Table 4.2.3 shows how the number of misallocated population points was 

calculated: If a population point was assigned to a non-optimal medical clinic after being aggregated to a 

proposed or the traditional approach postal code point, then it received a “No Match” score. Thus, for 

each medical clinic it was determined how many of the population points (at both the urban and rural  

level) were misallocated to non-optimum clinics (after they were aggregated to the proposed and 

traditional approach postal code points).  For statistical analysis (using SAS software), a paired t-test 

statistics was used to determine the differences in the number of misallocated population points between 

the two approaches. From this type of analysis the study determined if the number of misallocated 

populations points were significantly different between the two approaches and also if the number of 

misallocated population points was significantly lower for the proposed approach (at both the urban and 

rural level). A significantly lower number of misallocated population points for the proposed approach 

would indicate that the proposed approach was able to produce less error (have less impact) than the 

traditional approach. 
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Population 
Point ID 

Optimal Medical 
Clinic ID 

Proposed Approach 
Point ID 

Proposed Approach 
Medical Clinic ID 

Match / No 
Match 

7456 2 221 2 Match 

7472 2 694 4 No Match 

7481 2 222 2 Match 

7482 2 661 4 No Match 

7485 2 222 2 Match 

7488 2 630 16 No Match 

9339 2 704 2 Match 
Table 4.2.3 Example of how the number of misallocated population points were calculated in ArcGIS. 

“Population Point ID” is a unique ID provided for each population point. “Optimal Medical Clinic ID” is 

the ID of the clinic that is closest proximity to the population point. “Proposed Approach point ID” is the 

proposed approach postal code point that the population point (from the first column) is aggregated to. 

“Proposed Approach Medical Clinic ID” is a unique ID provided for each of the 16 medical clinics used 

in the study area. A “match or no match” score is provided whether the population point accessed or not 

accessed the same medical clinic after being aggregated to the proposed approach point.  
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Chapter 5 

Results 

 

5.1 Results: Comparing the proposed to the traditional approach 

Tables 5.1.1, 5.1.2 and table 5.1.3 summarize the average distance measures between the proposed and 

traditional approach postal code points to residential areas for the City of Kingston (west) and the 

Province of Ontario. As was previously mentioned, distance measures for the City of Kingston (west) 

were obtained based on the distance between the postal code points (from proposed and traditional 

approaches) and dwelling centroids distributed within the boundaries. Similarly, for the province of 

Ontario, average distance measures were obtained based on distance calculations between the proposed 

and traditional postal code points to residential land-use centroids.  

Average distance measures from the proposed and traditional postal code points to dwelling 

centroids for the City of Kingston, ON (Postal codes Points: rural n = 43; urban n = 3,288) 

Summary Statistics Rural Level Urban Level 

Meters Proposed Traditional Proposed Traditional 

Average Distance 424.3 496.2 37.8 52.5 

Minimum Distance 1.9 41.0 0 0.9 

Maximum Distance 3,082.7 3,095.1 656.4 806.7 

Standard Deviation 679.1 669.2 39.0 52.4 
Table 5.1.1: Mean distance measures between the proposed and traditional approach postal code points to 

residential areas (dwelling centroids) obtained for the City of Kingston study area. 

 

 

Average distance measures from the proposed and traditional postal code points  to residential land-
use centroids for the province of Ontario (Postal codes points: rural n = 5,949; urban n = 

10,000, representing n=228,449) 

Summary Statistics Rural Level Urban Level 

Meters Proposed Traditional Proposed Traditional 

Average Distance 204.4 524.7 15.6 39.8 

Minimum Distance 0 0 0 0 

Maximum Distance 9,351.8 94,527.5 1,401.8 1,810 

Standard Deviation 514.2 1,861.7 42.7 54.6 
Table 5.1.2: Mean distance measures between the proposed and traditional postal code points to 

residential areas (land-use centroids) obtained for the province of Ontario. 
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Postal Code 
# of Postal 

Codes 
Mean Dist. (meters) of 

Proposed Approach 
Mean Dist. (meters) of 
Traditional Approach 

P-Value 
(Pair t-test) 

Rural (Kingston) 43 424.0 496.2 <0.001 

Rural (Ontario) 5,949 204.0 525.0 <0.001 

Urban (Kingston) 3,288 37.8 52.5 <0.001 

Urban (Ontario) 10,000 15.1 39.8 <0.001 
Table 5.1.3: P-values for the mean distance measures for the province of Ontario and City of Kingston at 

the urban and rural level.  

 

For the City of Kingston (west) study area (table 5.1.1, 5.1.3 and figure 5.1.1), the postal code points from 

the proposed approach had a lower mean distance to residential areas at both the urban and rural level 

than the postal code points from the traditional approach.  For instance, at the rural level, the proposed 

approach had a mean distance that was approximately 70 meters less than the mean distance based on the 

traditional approach while at the urban level the mean distance was 18 meters less than the mean distance 

based on the traditional approach.  Additionally, at both the urban and rural level the proposed approach 

led to a lower minimum and maximum mean distance than the traditional approach. At the rural level, the 

proposed approach had a minimum mean distance that was approximately 38 meters less than (22 times 

smaller) than minimum mean distance of the traditional approach.  At the urban level the proposed 

approach had a relatively lower maximum mean distance that was 150 meters less than the maximum 

mean distance of the traditional approach. Similarities were observed for the maximum mean distance at 

the rural level (3,083 meters for the proposed and 3,095 for the traditional) and minimum mean distances 

at the urban level (0 meters for the proposed approach and 0.91 meters for traditional approach). 

According to the paired-test statistical analysis, mean distances between the postal code points from the 

proposed approach were significantly lower (P-value = <0.001) at both the urban and rural level than 

postal code points from the traditional approach. 
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Figure 5.1.1: Frequency charts of the mean distance measures obtained for the City of Kingston study 

area. The charts represent the number of proposed and traditional approach postal code points at a 

particular distance to residential areas.  

 

For the Ontario study area (Figure 5.1.2), at both the urban and rural level, the proposed approach postal 

code points had an overall lower mean distance than the traditional approach postal code points. For 

instance, at the rural level, the proposed approach had a mean distance that was approximately 320 meter 

less than the traditional approach mean distance. Additionally, at the urban level the proposed approach 

had a mean distance that was 34 meters less than the traditional approach. At both the urban and rural 

level, minimum mean distances were the same for both approaches. Interestingly, at the rural level, the 

traditional approach had a maximum mean distance of 94,527 meters which was approximately 85 

kilometers greater than the maximum mean distance of the proposed approach (9,351.8 meters). At the 

urban level, the maximum mean distance of the traditional approach was approximately 400 meters 
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greater than the maximum mean distance from the proposed approach. The standard deviation between 

the two approaches was relatively similar at the urban level, with the traditional approach having a 

slightly higher standard deviation value. However, at the rural level, the standard deviation for the 

traditional approach was approximately three times greater (1,300 meters) than the standard deviation 

value for the proposed approach. Significant differences (p-value = <0.001) were found with the proposed 

approach having a lower mean distance to residential areas (at both the urban and rural level) than the 

traditional approach. 

 
Figure 5.1.2: Frequency charts of the distance measures obtained for the Ontario study area. The charts 

represent the number of postal code points from the traditional and proposed approach at a particular 

distance to residential areas.  

 

 

 



 

 

 

63 

5.2 Results: Impact of the proposed approach on accessibility studies in health 

Tables 5.2.1 and 5.2.2 show the number of postal code points (from both approaches) that have been 

assigned to the medical clinics that were in the closest road distance. For table 5.2.1, the column “Number 

of proposed/traditional postal code points” refers to the total number of postal code points from the 

proposed/traditional approaches that were assigned to the nearest medical clinic. The “Number of 

population points aggregated to the proposed/traditional postal code points” refers to the number of 

population points that have been aggregated to the proposed/traditional postal code points and that are 

assigned to the same medical clinic as the proposed/traditional postal code points (that they were 

aggregated to). The “Number of misallocated population points” refers to the population that has been 

misallocated to non-nearest medical clinics. For example, for medical clinic 1, at the urban level, the 

proposed postal code points have 31 misallocated population points. This means that 31 population points 

were wrongly assigned to clinic 1, as that is not their nearest clinic. 

 

At the rural level, (table 5.2.2; 5.2.3 and 5.2.4) the proposed approach had a slightly lower (total) number 

of misallocated population points (with 11 less misallocated population points) than the traditional 

approach. Additionally, between the two approaches, the proposed approach had a slightly higher number 

of misallocated population points for clinic 6; however, this was only by 4 more misallocated population 

points. Both approaches had approximately the same number of misallocated population points for clinic 

3, with the traditional approach misallocating just 5 population points more. For clinic 7 and 10, both 

approaches had the same number of misallocated population points. The highest difference in the number 

of misallocated population points was for clinic 11 where the traditional approach misallocated 10 more 

population points compared to the proposed approach. Overall, the total and average number of 

misallocated population points between the two approaches was fairly similar, with the traditional 

approach having just a slightly higher number of misallocated population points.   
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Medical 
Clinic ID 

# of 
Proposed 

Postal Code 
Points 

# of Population Points 
Aggregated to the 

Proposed Postal Code 
Points 

# misallocated 
population points from 

the aggregated 
population points 

# of Traditional 
Approach 

Postal Code 
Points 

# of Population Points 
Aggregated to the 

Traditional Postal Code 
Points 

# misallocated 
population points 

from the aggregated 
population points 

3 3 153 53 3 148 58 

7 4 275 2 4 281 2 

10 1 3 3 1 3 3 

11 5 65 20 6 81 30 

12 29 256 4 28 239 0 

Table 5.2.1: Number of rural proposed and traditional approach postal code points along with their aggregated population points and number of 

misallocated population points. The “number of proposed/traditional postal code points” are the postal codes that were assigned to the nearest 

medical clinic. The “number of population points aggregated to the proposed/traditional postal code points” refers to the population that was 

assigned to nearest proposed and traditional postal code points. These population points were then assigned to same clinic after they were 

aggregated to the proposed and traditional approach postal code points. The “number of misallocated population points” refers to the number of 

population points that were assigned to non-nearest medical clinics after being aggregated to the proposed and traditional postal code points. 
 

                                                                             Total Misallocated Population Points (Counts and Percentages) 

 Urban (# =8,847) Rural (# = 749) Total (# = 9,596) 

 # % # % # % 

Proposed Approach Misallocated Points 455 5.14 82 10.9 537 5.6 

Traditional Approach Misallocated Points 427 4.8 93 12.4 520 5.4 
Table 5.2.2: Total number and percentage of misallocated population postal code points at the urban, rural and for urban and rural areas 

combined.  

 

                                                          Mean Misallocated Population Points (Counts and Percentages) 

 Urban (# =8,847) Rural (# = 749) Total (# = 9,596) 

 # % # % # % 

Proposed Partitioning Error 28.4 0.32 16.4 2.1 33.6 0.35 

Traditional Partitioning Error 26.7 0.30 18.5 2.5 32.5 0.34 

 P-value (Paired T-Test) 0.41 0.34   
Table 5.2.3: Average number and percentage of misallocated population points at the urban, rural and both urban and rural areas combined.   

The p-value (based on a paired t-test) is also shown based on the mean number of misallocated population points for the two approaches at  

both the urban and rural level. 
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Table 5.2.4: Number of urban proposed and traditional approach postal code points along with their aggregated population points and number of 

misallocated populations. The “number of proposed/traditional postal code points” are the postal codes that were assigned to the nearest medical 

clinic. The “number of population points aggregated to the proposed postal code points” refers to the population that was assigned to nearest 

proposed and traditional postal code points. These population points were then assigned to same clinic after they were aggregated to the proposed 

and traditional approach postal code points. The “number of misallocated population points” refers to the number of population points that were 

assigned to non-nearest medical clinics after being aggregated to the proposed and traditional postal code points. 

 

 

Medical 
Clinic ID 

# of Proposed 
Postal Code 

Points 

# of Population Points 
Aggregated to the 

Proposed Postal Code 
Points 

# misallocated 
population points 

from the aggregated 
population points 

# of Traditional 
Approach 

Postal Code 
Points 

# of Population Points 
Aggregated to the 

Traditional Postal Code 
Points 

# misallocated 
population points 

from the aggregated 
population points 

1 460 1627 31 452 1620 38 

2 131 308 18 132 301 12 

3 140 582 25 141 564 17 

4 111 247 11 113 252 14 

5 115 477 37 113 469 40 

6 13 41 3 14 37 3 

7 302 1185 24 308 1225 23 

8 64 149 19 60 140 9 

9 227 935 76 234 970 55 

10 72 244 53 67 218 54 

11 134 551 39 132 548 37 

12 227 836 15 222 823 14 

13 64 150 4 60 153 5 

14 135 297 38 130 298 32 

15 217 722 39 218 727 45 

16 249 496 23 252 502 29 
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As can be seen in Figure 5.2.1, at the rural level, both approaches had very similar patterns in terms of the 

distribution of misallocated population points with the majority being the same misallocated population 

points. Table 5.2.5 shows how a large proportion (92.7%) of the population points that were misallocated 

by the proposed approach were also the same population points that were misallocated by the traditional 

approach. A slightly lower, yet still a large proportion (82%) of the population points that were 

misallocated by the traditional approach were also the same population points that were misallocated by 

the proposed approach.  As shown in part D of Figure 5.2.1, only 6 of the actual 148 misallocated 

population points by the proposed approach were actually different or non-matching misallocated 

population points by the traditional approach. Additionally, 17 of the 93 misallocated population points 

for the traditional approach were actually non-matching misallocated population points by the traditional 

approach. Therefore, most of the misallocated population points at the rural level were for the most part 

the same misallocated population points by both approaches. Overall, across all 6 rural medical clinics, 

both approaches had relatively similar number of misallocated population points. According to the paired 

t-test statistical analysis, differences in mean misallocated population points between the two approaches 

at the rural level were not significant (p-value = 0.31).  

 

At the urban level (refer to tables 5.2.2; 5.2.3; 5.2.4), the proposed approach had a slightly higher (total) 

number of misallocated population points than the traditional approach with 28 more misallocated 

population points than the traditional approach. The average number of misallocated population points 

across all 16 medical clinics was quite similar between the two approaches with approximately 2 more 

misallocated population points for the proposed approach (table 5.2.3). For 8 of the 16 clinics, the 

proposed approach had a higher number of misallocated population points with the highest being 22 

misallocated population points (Clinic 9) while the remaining clinics had 10 or less misallocated 

population points. For 7 of the 16 clinics, the traditional approach had a higher number of misallocated 

population points with the highest being 7 (clinic 1) while the rest of the 6 clinics had 6 or lower 
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misallocated points. Overall, the difference in misallocated population points between the two approaches 

was very minimal.  

 

Examining Part A and Part C in figure 5.2.1, it can be observed that at the urban level, both approaches 

had similar patterns and clusters in terms of the distribution of misallocated population points.  As shown 

in table 5.2.5, for both approaches, 307 of their total misallocated population points were the same or 

matching misallocated population points. Thus, 65% of the proposed approach misallocated population 

points were the same population points that were misallocated by the traditional approach. Conversely, 

approximately 72% of population points that were misallocated for the traditional approach were the same 

population points misallocated by the proposed approach.  Therefore, at the urban level there were more 

non-matching proposed approach misallocated population points than at the rural level. A small cluster of 

proposed approach non-matching misallocated population points can be observed on the southwest part of 

the urban area. On the southeast area of the map, there is also a high variation of non-matching 

misallocated population points.  Overall, there were more non-matching misallocated population points at 

the urban level than at the rural level. The paired t-test statistical analysis showed no significant 

differences in the mean misallocated population points between the two approaches (P-value = 0.41). 
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         Figure 5.2.1: Spatial pattern of matching and non-matching misallocated population points. Part A shows the misallocated population  

         points for the traditional approach and Part B shows the misallocated population points for the proposed approach. Part C shows the same  

         misallocated population points by each approach while part D shows the different population points that were misallocated by each approach. 
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Chapter Six 

Discussion and Conclusions 

6.1 Key Findings 

This research discussed how the traditional postal code geocoding approach can lead to biased results in 

health related studies. Additionally, this research introduced a new postal code geocoding approach that 

could potentially improve upon the traditional approach (based on positional accuracy). Unlike the 

traditional approach that geocodes postal code data to the centre of street blocks, dissemination blocks or 

weighted dissemination area representative points, (that do not always indicate where populations reside, 

particularly in rural areas), the  new approach considers where populations are specifically located based 

on the spatial distribution of residential areas within the postal code boundaries.  

 

The first part of the study aimed to answer the following question: Does the proposed approach better 

represent populations (have a higher positional accuracy) at the postal code geography than the traditional 

approach? To answer this question, distances between proposed and traditional approach to residential 

areas were compared in order to determine which approach better represents populations (or has a higher 

positional accuracy) at the postal code geography (within the postal code boundaries).  At both the 

municipal (City of Kingston) and provincial scale (province of Ontario), the mean distance between urban 

and rural proposed and traditional approach postal code points to residential areas was calculated. The 

approach that had a lower mean distance (or higher positional accuracy) to residential areas was 

considered as the better approach at representing populations at the postal code geography.  

 

For the City of Kingston, mean distances to residential areas at both the urban and rural level were 

approximately 15 (urban) and 72 meters (rural) less than the traditional approach while for the province  
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of Ontario mean distances at the urban and rural level were again 24 (urban) and 320 meters (rural) less 

than the traditional approach.  Based on the statistical analysis (paired t-test statistics) results, it was found 

the mean distances to residential areas (at both the urban and rural level) from the proposed approach to 

be significantly (p-value = <0.001) less than the traditional approach. Thus, in conclusion to the first part 

of the study, the proposed approach is the better approach at representing populations (or has a higher 

geocoding positional accuracy) at the postal code geography (at both the urban and rural level, for both 

study areas). 

 

Although for urban areas, the positional error (mean distance to residential areas) from the proposed 

approach was found to be significantly less than the traditional approach, this type of outcome may result 

when large sample sizes (with many differences) are used in t-test statistical analysis (Field, 2009). In the 

first analysis, both the City of Kingston (3,288 postal codes) and the province of Ontario (10,000 postal 

codes) contained a large number of postal codes. Thus, it might be possible that the large number of 

differences in mean distances (even though they were minimal) of postal code points to residential areas 

between the two approaches might have also influenced the t-test to produce a significant p-value (Field, 

2009).  However, it is important to mention, that for the majority of these differences, it was the proposed 

approach that had lower mean distances (or higher positional accuracy) to residential areas for both the 

City of Kingston and the province of Ontario study areas.  

 

At the urban level, the proposed approach postal code points are on average 15 to 24 meters in closer 

proximity to residential areas than the traditional approach. Although these improvements may seem 

minimal and insignificant, it is suggested that these findings are significant as they demonstrate that 

commonly used geocoding methodologies such as the traditional approach can be improved.  It is also 

worth mentioning that for certain health related analysis, a difference between 15 to 24 meters can prove 

vital. Take for instance pollution exposure analysis studies, a distance up to 20 meters can determine 
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whether an individual is geocoded in low, medium, high or a no pollution exposure zone (refer to 

appendix F)(Jaquez, 2012).  

 

In addition, the traditional approach has a maximum mean distance to residential areas (tables 5.1.1 and 

5.1.2) that is 150 (City of Kingston) to 400 meter (province of Ontario) higher than the proposed 

approach. Additionally, at the rural level, for the Ontario study area, the maximum mean distance to 

residential areas is approximately 85 kilometers higher than the proposed approach. Although these are 

only differences between postal codes with maximum mean distances (to residential areas), they still 

indicate just how far some of the traditional approach postal code points can be from residential areas. 

Thus, using such postal codes can certainly lead to bias results if used in health research or public health 

practices.  

 

For the second analysis, the impact of the proposed approach on accessibility to medical clinics was 

examined for the west side of the City of Kingston. For this study, the number of misallocated population 

points to medical clinics was compared between the two approaches. At both the urban and rural levels, 

both approaches were found to have a relatively similar number of misallocated population points. For 

instance, at the urban and rural level, the proposed approach had misallocated a total of 537 urban and 82 

rural population points while the traditional approach misallocated 537 urban and 92 rural population 

points. Additionally, as table 5.2.1 shows, both approaches had relatively similar patterns of misallocated 

population points. This was particularly evident at the rural level where both approaches had a high 

matching of misallocated population points.  However, at the urban level there was more variability in 

terms of non-matching misallocated population points between the two approaches.  At both the urban (p-

value = 0.34) and rural (p-value = 0.44) level, the paired t-test statistical analysis showed no significant 

differences in the number of misallocated population points between the two approaches.  
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Results from the second study showed that the proposed approach produced just as much error (as it 

misallocated a similar amount of population points) as the traditional approach. Logically, the proposed 

approach should have produced less error (have lower number of misallocated population points) as its 

postal codes points are on average in closer proximity to residential areas. However, as it was found from 

the first analysis (in contrast to rural areas) in urban areas, the proposed approach is only able to 

minimally improve (the positional error) upon the traditional approach. Thus, this improvement may have 

been too minimal to reduce error for this type of analysis (that contained many urban postal codes). 

Additionally, it is also suggested that the study area (City of Kingston) is too small as it contains only 43 

rural postal codes that included 8% of the total population in the study area (in contrast to the 3,245 urban 

postal codes containing 92% of the population in the study).   

 

Furthermore, the study area contains an unevenly dispersed number of clinics that are mainly 

concentrated in the downtown region of the study area. Thus, unlike most of the urban population that is 

able to access clinics from multiple directions (south, north, east and west) of the study area, the rural 

population only has access to clinics towards the urban area (southeast and southwest) of Kingston.  

In contrast to the rural part of the study area, the urban region had a higher number of non-matching of 

misallocated population points. This may be due to the higher density of clinics that are concentrated in 

the downtown area of the city with 10 of the 16 clinics all located within 3 km of each other. Thus, a 

higher density of clinics resulted in a higher number of non-matching misallocated points that are caused 

by the difference in the positioning of the postal code points between the two approaches. In addition, 

92% of the population in the study area is also located in the urban area which again is another factor for 

the higher non-matching of misallocated population points between the two approaches 

 

Therefore, two alternatives can be suggested that future studies may implement when conducting a 

similar analysis. First, studies should consider a larger study area that incorporates many more rural postal 
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codes than the amount used for the west City of Kingston study area. Additionally, this study area should 

contain more evenly dispersed medical clinics that can be accessed from multiple directions by rural 

populations might be more appropriate for such analysis. Another alternative (and probably the best 

alternative) would be to use a large study area that only incorporates rural postal code boundaries as that 

is where the proposed approach would be most effective at reducing errors for this type of accessibility 

study.  

 

6.2 Meaning of Findings 

To the knowledge of this research, no other study has gone to such extents that this research has to 

compare the traditional postal code geocoding approach to another postal code geocoding approach. 

Multiple studies have investigated the positional error of geocoded addresses. However, these studies 

only concentrated on positional errors associated with high precision addresses including street addresses, 

GPS points of residential buildings and parcel centroids (Cayo & Talbot, 2003; Ward et al., 2005; 

Schootman et al, 2007; Zandbergen & Green, 2007). Very few studies such as Bow et al. (2004) have 

specifically measured the positional error associated with the traditional postal code geocoding approach. 

In their study, Bow et al. (2004) measured the distance between the traditional approach postal code 

points (of 2,654 heart disease patients) to associated residential street addresses. Results showed that the 

traditional approach had a positional error (mean distance to residential street addresses) of 140 meters. 

This positional error (for the traditional approach) is approximately 100 meters more than what this 

research found for urban areas. However, the positional error found in this research was based on a higher 

number of urban postal codes. Additionally, instead of using street addresses, this research used the 

dwelling centroids and centroids of residential land-uses. Furthermore, unlike this research, Bow et al. 

(2004) based their study in only urban areas within one city and did not compare the traditional approach 

to any other postal code geocoding approach.  
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Bell et al. (2007) did, however, compare the positional error between the traditional postal code 

geocoding approach to another approach known as the MEP (Multiple Enhanced Points) postal code 

geocoding approach. Although similar to the traditional approach, the MEP approach contained an 

additional component that allows one to manually review the geocoded output and to choose from 

multiple location options that may improve the geocoding accuracy (at representing point of interest). 

When comparing these two methods (based on how well they represent the location of primary healthcare 

units across three Canadian cities) the study found that the traditional approach had a slightly smaller 

positional error (higher geocoding accuracy of primary healthcare clinics) than the MEP approach. For 

instance the mean distance (or positional error) to primary healthcare locations for Edmonton, Saskatoon 

and Mississauga using the traditional approach were 91.8 meters, 249.8 meters, 154.4 meters respectively 

in contrast to the MEP approach that had mean distances of 93.4 meters, 250.5 meters and 160.8 meters 

respectively. The study concluded that the MEP approach proved to be too labour intensive, time 

consuming and was not able to reduce the positional error produced by the traditional approach.  

 

Although Bell et al., (2007) was one of the few studies to compare the traditional approach to another 

postal code geocoding approach, it however only concentrated on measuring the positional error based on 

commercial outputs. Thus, even though in this research the traditional approach and the proposed 

approach were found to have smaller positional error than the ones found in the study conducted by Bell 

et al., (2007), such comparison may not be appropriate as this research focused on the positional error 

(between the two approaches) based on proximity to residential areas. Furthermore, the study conducted 

by Bell et al., (2007) was based only in urban areas.  Similar to this research, Cayo and Talbot (2003) 

found that geocoding precision can be improved based on the use of residential boundary data. However, 

unlike in this research, they specifically focused on the geocoding of street addresses and linking such 

addresses to parcel centroids.  
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The aforementioned studies have all contributed in some form to the awareness involving the positional 

errors (or positional accuracy) that is associated with the traditional postal code geocoding approach. 

However, none of these studies have thoroughly examined the positional error that is associated with the 

traditional approach in rural environments. Furthermore, none of these studies have compared the 

traditional approach to a new postal code geocoding approach based on proximity to dwelling centroids or 

residential land-use as was performed in this research. Also, some of these studies have compared the 

positional error between the traditional approach to another approach; however, this was based on the 

distance proximity to commercial areas or services rather than residential areas. 

 

6.3 Contributions of this research and future research directions 

One of the strengths of the first analysis is the amount of postal code and residential data used for 

comparing the two approaches. For instance, for the City of Kingston study area, all the possible urban 

and rural postal codes (that contained residential buildings) while for the Ontario study area almost 6,000 

rural postal codes and over 10,000 urban postal codes for conducting this analysis. Additionally, for the 

City of Kingston study area, digital dwelling footprint boundaries were used (that provided nearly the 

exact dimensions of residential buildings) allowing the study to obtain very precise distance measures (to 

calculate the positional accuracy) between the proposed and traditional approach postal code points to 

residential areas. Furthermore, to compare the two approaches, the study used a very simple and practical 

methodology that can be implemented in future studies.  

 

In contrast to the dwelling footprint boundaries that were used for the City of Kingston study area, the 

residential land-use boundaries were instead used at the provincial scale. The residential land-use 

boundaries indicate where residential designated zones are located; however, they do not actually indicate 

where the exact boundaries of residential buildings. Residential land-uses can at times incorporate other 

built environment features such as roads, parks and even parts of other land-uses (City of Ottawa, 2014). 
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Thus residential land-use boundaries can at times overestimate the size or location of residential areas. In 

addition, this research was not able to obtain all the possible residential land-uses within the Ontario study 

area and this limited the number of rural postal codes used in the analysis. To adjust for missing 

residential land-use data, especially in rural areas, future studies can also incorporate the use of road 

network data as this can also indicate where a population potentially resides. This method may be 

particularly helpful on identifying populations in very remote rural areas where residential land-use data 

is usually not available (Rushton et al., 2010). Additionally, the use of remote sensing tools can be used to 

extract land-use data from satellite imagery or the use of Desktop GIS tools such as Google Earth can be 

used for digitizing residential land-uses from aerial and satellite images (Bell et al., 2007; Bell et al., 

2007; Rushton et al., 2010).  Despite not being able to use the digital dwelling boundaries, the research 

still benefited from the large quantities of residential land-use data allowing for the analysis at the 

provincial scale to be performed.  

 

This research also cautions that the size of a residential land-use boundary does not always reflect the 

actual size of a particular population. In the case of generating the proposed approach postal code points, 

larger residential land-uses typically contain a higher proportion of aggregated census population (from 

the dissemination block). However, there may be cases where the size of a residential land-use may not 

always reflect the size of population. Thus, this research acknowledges that there may be instances where 

the proposed postal code representative point may be geocoded in closer proximity to a large residential 

land-use boundary that may have a lower population than a smaller sized residential land-use that is 

within the same postal code boundary.  

 

The proposed approach is simply a stepping stone towards further improvement of postal code geocoding 

practices. Future studies can strive to improve upon the proposed approach methodology by using more 

defined residential areas such as the use of dwelling boundaries that actually indicate where populations 
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reside. Furthermore, studies may also consider geocoding postal codes based on demographic factors 

where postal code points are not just geocoded based on the size and distribution of residential areas, but 

also based on such factors as sex, income, race and ethnicity (Rushton et al., 2010). For instance, with the 

proposed approach, the postal code point may be geocoded in between two residential areas of the same 

size and population. However, a further decision can be made by placing the postal code point in closer 

proximity to the residential area that matches the demographic characteristics of the health study 

participant of that postal code (Rushton, et al 2008). Of course, due to privacy regulations, such 

implementations may not always be applicable. Furthermore, this type of geocoding approach may be 

restricted to just one particular study (to maintain the privacy of study participants). 

 

From the second analysis the research learned of the importance of using a larger study area when 

investigating and comparing the impact of the two postal code geocoding approaches on accessibility. 

This research also used all the possible urban and rural postal codes for the study area; however, this was 

not enough for the proposed approach to have any significant improvement with regards to the reduction 

of error (misallocated population points). Therefore, this research suggests that the main strength of this 

analysis is learning the importance of using a larger study area that incorporates more or only rural postal 

codes (where the proposed approach has a higher positional accuracy than in urban areas) as well as more 

evenly dispersed medical clinics that populations can access from multiple directions. Furthermore, it is 

also important to mention that populations do not strictly access medical clinics based on distance 

proximity only. There are other factors including ethnicity, languages, whether clinics accept new 

individuals or not and recommendations (Rushton et al., 2010).  

 

Additionally, it is important to stress that the application of the proposed approach on accessibility to 

nearest medical clinics would not be the best option. It is very possible that the proposed approach would 

be more effective when it is applied in other health related analysis including pollution exposure analysis 
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such as determining what individuals fall within low, medium or high exposure zones based on buffers 

(refer to Appendix F1) surrounding a busy highway (Bell et al, 2012). Other possible applications may 

include comparing distances between the proposed and traditional approach postal code points to nearest 

healthcare facilities including healthy foods, recreational facilities, fast food restaurants and coffee / donut 

shops (as related to obesity studies. Other applications may include crime analysis (such as determining 

the types of crimes around geocoded postal code points) or postal code distances to schools, commercial 

and tourist commercial services (Healy & Gilliland, 2012). 

 

Another limitation of this analysis is the use of randomly generated population points instead of actual 

street addresses of health study participants. The generated population points are all randomly dispersed 

within their corresponding census boundaries with no consideration of land-use type. For instance, some 

population generated points are created in areas that may have been non-residential areas. Therefore, it is 

suggested that future studies randomly generate points only within residential land-use areas. 

Additionally, to avoid data clutter and improve computation time, the population from the dissemination 

areas was divided (that are used for generating the population points) by 10. This meant that the analysis 

did not use the actual total population that was within each of the dissemination areas of the study area.  

 

An important caution to consider with regards to this research is the MAUP (Modifiable Areal Unit 

Problem). The MAUP “is a challenge that occurs during the spatial analysis of aggregated data in which 

the results differ when the same analysis is applied to the same data, but different aggregation schemes 

are used”(ESRI, 2014e). There are two components to the MAUP: The zoning effect (or aggregation 

effect) and the scale effect.  The zoning effect occurs when different results are obtained from the same 

data due to variations in areal units that are at the same scale (e.g. variation in neighbourhood boundary 

sizes and shapes can yield different population numbers). With regards to the scale effect, different results 

can be obtained from the same data when aggregated at different scales (e.g. census tracts or 
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dissemination areas).  Thus analysis should be pursued with caution whenever certain data are aggregated 

to a certain scale or aggregated to certain areal units or boundaries that are at a particular scale 

(Fotheringham & Wong, 1991; Amrhein, 1997). 

 

In this researcher there were several aggregations based on scale. For instance, to generate the proposed 

approach postal code points, the census population was aggregated from the dissemination blocks to the 

postal code boundaries and from the postal code boundaries into the residential land-use boundaries. With 

regards to the zoning effect, for the second analysis aggregated population point data were aggregated to 

the nearest postal code geography. Therefore, future studies that conduct a similar analysis those 

performed in this research should take into the consideration the MAUP that is associated with these types 

of analyses.  

 

6.4 Final Conclusions 

This research introduced a new postal code geocoding approach that improves (has a higher positional 

accuracy) upon the traditional approach. This improvement is more evident in rural areas where the 

difference in positional error between the two approaches is more significantly reduced (than in urban 

areas).  Although results from the second analysis are similar between the two approaches, this occurred 

due to the study area being too small, incorporating very few rural postal codes and containing a high 

density of clinics that are concentrated in one area of the study region. Thus, this research suggests that 

the new approach can still be effective if such analysis were to be conducted using a study area that 

contains only rural postal codes.  

 

The aforementioned findings are significant for health related studies and public health practices that 

often use postal code geocoding for various research and policy purposes. The proposed approach can 

contribute to more precise measures and less bias in accessibility, spatial pattern and pollution exposure 
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analysis. In accessibility, precise land-use, land-cover and healthcare facilities measures can be captured 

within radial and road network service buffers. Additionally, the proposed approach can potentially 

reduce distance overestimations between residential postal codes to healthcare services. Furthermore, 

more reliable measures can be obtained in population pollution exposure studies, as individuals will be 

geocoded at more precise residential locations. Therefore, the proposed approach can assist public health 

officials and policy makers to make better decisions concerning the allocation of resources and providing 

emergency responses. Finally, the new postal code geocoding approach can be used as a platform for 

future research that is geared towards making further postal code geocoding improvements. 
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Appendix A 

 

A.1 Traditional approaches to geocoding zip codes 

The zip code (Zone Improvement Plan) was developed by the USPS (U.S. Postal Code Service) and 

serves a similar function as the Canadian postal code in that its primary purpose is to assist with the 

sorting and distribution of mail. The zip code is comprised of five numerical digits where the first three 

digits signify the mail sorting and distribution center for an area while the final two digits represents the 

area within a city (in case of metropolitan area) or a village/town (outside metro areas) (Beyer et al, 

2008). 

 

Zip code boundaries are not precisely known, however they generally follow the road networks that are 

served by mail carriers or individual postal codes (U.S. Census Bureau Answers to Frequently Asked 

Questions, 2006). Presently, zip codes are mapped based on ZTAC areas that are “generalized area 

representations” of ZIP code areas and are created by aggregating all census blocks that belong to  the 

same zip code (U.S. Census Bureau ZIP Code Tabulation Areas (ZCTAs), 2006) (Beyer et al, 2008).  

Typically, zip code areas are larger in size than the Canadian postal codes (Gilliland & Healy, 2012). 

There are various approaches to geocoding zip codes. Traditionally, zip codes have been geocoded to the 

representation points of zip code boundaries, using a population weight approach (either by census blocks 

or population centres), by accessibility (most accessible postal box office) or by socioeconomic or 

demographic factors (e.g. representation point is placed in areas with dominant ethnicity, age or gender 

population) (Beyer et al, 2008). 

 

A particular population weight approach known as the “Population Median Principle” involves the 

geocoding of zip codes to the population centre that has the highest or more than half of the population  
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within the zip code area boundary. Another population weight approach is based on a weighting factor 

similar to the approach used by Statistics Canada where zip code points are geocoded based on the 

population weight of the census block representation points (located at the center of census blocks) that 

are located within the zip code boundary (Beyer et al, 2012). Census block representation points with a 

higher population will thus have more weight or influence on the geographic placement of the geocoded 

zip code point. 

 

Another approach to geocoding zip codes is based on the use of postal office locations that serve (or are 

most accessible to) the majority of population within the zip code boundary: “Not only must a post office 

be located within a short daily travel distance of all residents served on its delivery routes, but also it must 

be centrally located within the population so that services only available at physical locations can be 

accessed as equitably as possible by all customers — also a part of what USPS considers universal 

service” (United States Postal Service Annual Report 2005). Thus, a zip code representative point would 

be geocoded to the postal office that is most conveniently accessible by the majority of population 

distributed across the zip code boundary (Beyer et al, 2008). Another zip code geocoding approach is 

based on demographic factors where certain census variables are used as a weighting criteria for the zip 

code representation point. Thus, zip code representation points are placed in proximity to census block 

representative points with higher population based on a certain census variable such as ethnicity, gender, 

age group, education or income level. This geocoding approach require studies to obtain legal permission 

in order to access and use the socioeconomic information of their study participants (Beyer et al, 2008).  
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Appendix B 

B1: Digital residential land-use and dwelling footprint boundaries 

 
Table B.1: An example of how residential land-use boundaries are structured in comparison to the 

dwelling footprint boundaries. Dwelling footprint boundaries outline the actual residential building  

while the residential land-uses are zones designated as residential that can incorporate multiple other built 

environment features including streets, parks, wooded areas, ponds, trails etc. 
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                                          Appendix C 

C.1: Analysis 1: Paired t-test summary statistics of traditional and proposed approach points 

Variable  # of Postal Code Points Mean Std. Dev.  Min Max P-Value 

Traditional 43 496.0 669.2 41.0 3,095.1 
<0.001 

Proposed  43 424.0 679.1 1.85.5 3,082.7 
Table C.1.1: Average distance measures between rural traditional and proposed approach postal 

 code points and residential areas (dwelling footprints) in  the City of Kingston. The p-value 

 is based on the difference in mean distance to residential areas between the two approaches. 

 

Variable  # of Postal Code Points Mean Std. Dev.  Min Max P-Value 

Traditional 3,288 52.5 52.5 0.9 806.7 
<0.001 

Proposed  3,288 37.8 39.00 0 656.4 
Table C.1.2: Average distance measures between urban traditional and proposed approach postal 

 code points and residential areas (dwelling footprints) in the City of Kingston. The p-value 

 is based on the difference in mean distance to residential areas between the two approaches. 

 

Variable  # of Postal Code Points Mean Std. Dev.  Min Max P-Value 

Traditional 5,949 524.7 1,861.7 0 9,351.8 
<0.001 

Proposed  5,949 204.4 514.2 0 94,527.5 
Table C.1.3: Average distance measures between rural traditional and proposed approach postal 

 code points and residential areas (dwelling footprints) in the Province of Ontario. The p-value 

 is based on the difference in mean distance to residential areas between the two approaches. 

 

Variable  # of Postal Code Points Mean Std. Dev.  Min Max P-Value 

Traditional *10,000  39.8 39.8 0 1,810.0 
<0.001 

Proposed  *10,000 15.0 15.0 0 1,401.8 
Table C.1.4: Average distance measures between urban traditional and proposed approach postal 

 code points and residential areas (dwelling footprints) in the City of Kingston. The p-value 

 is based on the difference in mean distance to residential areas between the two approaches. 

 

* Refers to the 10,000 postal codes that were randomly selected to represent 228,449 postal codes. 
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C.2: Paired t-test summary statistics for misallocated population points 

Variable  # of Clinics Mean Std. Dev. Min Max P-Value 

Traditional 5 18.6 25.2 0 58 
0.4141 

Proposed  5 16.4 25.7 2.0 53 
Table C.2.1: Summary statistics of the misallocated population points between the  

rural traditional and proposed approaches. 

 

Variable # of Clinics Mean Std. Dev. Min Max P-Value 

Traditional 16 26.7 18.0 3.0 55.0 
0.356 

Proposed 16 28.4 18.7 3.0 76.0 
Table C.2.2: Summary statistics of the misallocated population points between the urban 

proposed and traditional approach postal code points 

 

Variable  # of Clinics Mean Std. Dev. Min Max P-Value 

Traditional 16 32.5 22.7 3.0 75.0 
0.5773 

Proposed  16 33.6 23.3 3.0 78.0 
Table C.2.3: Summary statistics of the misallocated population points between both urban 

and rural proposed and traditional approach postal code points. 
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Appendix D 

 D1: Missalocation of population points when aggregated to proposed approach postal code points. 

 
Figure D.1: Provides an example of how a group population points were assigned to the nearest (optimum) clinic before being aggregated  

to the proposed approach postal code points.  

Nearest Clinic (Clinic 3) 

Nearest Clinic (Clinic 1) 

Medical Clinics 

Proposed Approach Postal Code Points 

Misallocated Population Points 

Population Points 
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 Figure D.2: Provides an example of how a group of population points were misallocated to a non-optimum (or non-nearest) clinic after being   

 aggregated to the nearest proposed approach postal code points.  
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Appendix E 

 
E1: Depiction of urban and rural postal code boundaries in Canada. 

 

 
Figure E1: An example of urban postal code boundaries and associated 

traditional approach postal code points. 

          

 

 

 

         

          
     Figure E2: An example of rural postal code boundaries and  

     associated  traditional postal code points. 
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Appendix F 

 
F1: Example of geocoding addresses in pollution exposure analysis studies in health. 

 

 
F.1: An example of geocoded addresses of health study participants and the pollution exposure buffering zone they belong to. 

 


