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Abstract 

Housing affordability is problematic in the Canadian context for two main reasons: income 

inequality and the lack of available low cost affordable rental units. This is specifically true in 

the case of Kelowna, a medium sized city located in the southern interior of British Columbia 

(western Canada). The purpose of this study is to determine which socioeconomic and 

physical criterion are related to affordable housing placement and to assess and execute a GIS 

strategy that best integrates the determined criteria in order to find the best optimal sites to 

locate potential affordable housing units. The focus is on including socioeconomic factors, 

median after-tax income and median rent costs, as opposed to physical factors alone. The 

methodology includes doing a literature review to gain a foundational understanding both of 

affordable housing issues and multi-criteria analysis (MCA) as an adequate GIS processing 

mechanism. Several criteria are then evaluated in a GIS framework using both vector and 

raster data to create both Boolean and weighted factor criteria maps which are modeled to 

project the optimal locations. The MCA results locate two general areas occupying two main 

census delineation zones within Kelowna deemed optimal for affordable housing placement 

based on the input factors. Though MCA has some drawbacks, such as subjectivity in criteria 

choice and weights applied, the benefits outweigh the costs and MCA proves to be a good 

GIS technique to adequately locate potential sites from affordable housing units. The scope of 

this study allows only for general area locations, but lays a foundation for which other studies 

can be built upon, either a more in-depth locational study for Kelowna to similar GIS 

application to other cities.  
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Chapter 1: Introduction  

1.1 Background 

Former Mayor of Toronto, David Miller (2004) stated: 

“Home isn’t where you want to go, it’s where you have to go; it’s a right, not a 

privilege. Somewhere along the line in Canada, we’ve allowed this to be forgotten. 

Policies and priorities changed, housing money disappeared, and politicians began to 

accept a fundamentally unacceptable situation. There are hundreds of Canadians who 

cannot afford to rent or buy a home. This defies both logical and morality. It is an 

unsustainable situation” (Miller, p. xiii) 

Affordable housing, as defined by the Canada Housing and Mortgage Corporation (CMHC), 

is any housing for which a resident pays less than 30% of their pre-tax income. Payments for 

housing that exceed this 30% benchmark place residents in what CMHC calls “core housing 

need” (CMHC, n.d.a.). Similarly, residents paying more than 50% of their income to housing 

costs are likely living from income cheque to income cheque, and are at severe risk of 

becoming homeless should the flow of income be interrupted in any way (Drummond, 

Burleton, & Manning, 2004). “The housing system [in Canada] is a socially created 

institution...which is a mix of public, private, and non-profit actors” (Hulchanski & Shapcott, 

2004, p. 6). However, Hulchanski and Shapcott (2004) insist that it is an unbalanced system 

where the public and private actors are neglecting to allocate affordable housing to all 

Canadians in both the owner and rental sectors, causing homelessness, the culmination of a 

lack of available housing and disparate incomes (p. 5-6). Hodge and Gordon (2008) state that 

in Canadian reality, homelessness is no longer an issue just for major cities; instead it is a 

widespread problem affecting all urban areas.  

Although both owners and renters are facing housing affordability problems in the Canadian 

context, Drummond et al. (2004) argue that it is the rental population who is suffering the 

greatest. The statistical reports from CMHC (n.d.b.) validate this assumption, for both the 

Canadian and British Columbian (BC) context, see Table 1. British Columbia is the western 

most province of Canada. 
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Table 1 

 Percentage of Households in Core Housing Need as Determined by Affordability Standard (Source: Data 

obtained from CMHC) 

 

Table 1 indicates that renters are 4 to 5 times more likely to be facing housing affordability 

problems when compared to owners. Specific rental groups paying “an unacceptably high 

proportion of their incomes on housing” are noted as one person households containing 

young adults and the elderly, as well as lone parent families (Drummond et al., 2004, p. 19).  

In Canada, it is the rental market that is of highest concern in terms of affordable housing. 

Although income is the most prevalent factor associated with affordable housing, following 

very closely is the actual availability of affordable rental units. “The overall supply of rental 

housing has stagnated in recent years, and has actually been receding at the lower end of the 

rent range...causing rents in this spectrum to jump accordingly” (Drummond et al., 2004, p. 

21); a trend that is still in effect. Offering varying reasons for the decline of rental units, 

Hodge and Gordon (2008) note that gentrification, conversion of older rental apartment 

buildings to owner-oriented condominiums, and redevelopment are all having a hand in 

creating less available units and ultimately homelessness (p. 389).  

Since the early 1990s the rental market has changed as many previous renters moved into 

homeownership, where “many middle-to-lower income families were lured into the [owner] 

housing market due to very low interest rates from a lack of inflation” (Drummond et al., 

2004, p. 20). This movement from renters to homeowners made some specific groups more at 

risk in the rental housing market, including: immigrants, lone parents, those on social 

assistance, young adults, and seniors (Novac, Darden, Hulchanski, & Seguin, 2004, p. 137).  

Few new rental units, compounded by conversion of current rental units to upper market 

rental or owner units, means a decrease in available overall affordable rental units marked by 

extremely low vacancy rates. Therefore, whatever rental units are still available are in high 

demand and thus landlords are able to increase the rental price of said units (Drummond et 

al., 2004, p. 31). In a more recent analysis Wolf (2010) has stated that Western Canada had a 

“robust” housing market during the past decade due to an influx of new residents, higher 
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incomes, strong energy prices, making housing prices rise based on demand, and peaking in 

2008 (p. 3). However, the “Canadian housing activity dropped off sharply during 2008 and 

early 2009 as a result of the global recession” (Wolf, 2010, p. 3). This means less housing 

units in general were being built, including rental units. 

Unfortunately it is not difficult to find examples of cities facing affordable housing problems 

as “trends today in almost all Canadian cities indicate that income inequality is growing and 

that the total percentage of people living in poverty is also increasing” (Vaidyanathan & 

Wismer, 2005, p. 287). This is true for the medium sized city of Kelowna, the main city 

within the Central Okanagan of British Columbia. With respect to Kelowna’s housing 

affordability is very problematic right now, due to a rapidly increasing population and lack of 

available affordable housing (Teixeria, 2009). In response to these problems the Kelowna real 

estate market ranked third least affordable in Canada in 2007 (Teixeira, 2009). According to 

CMHC’s Rental Market Report of Kelowna (2010) the Kelowna apartment vacancy rate was 

3.5% in October 2010, a slight increase over 3.0% in 2009 and a major increase from the 0% 

vacancy rate in 2007, which saw rental prices peak in 2008 (p. 2-3). With the increase in 

vacancy the rental prices have come back down slightly since 2008; however, CHMC 

projects a decrease of vacancy rates to reach 3.0% again in 2011 (CMHC, 2010). More 

importantly still is that though there are not distinct statistics from the higher versus lower 

rental unit spectrum, the CHMC report indicates that newer more expensive rental units built 

after 1990 have a higher degree of vacancy rates due to competition from the home 

ownership market, specifically condominiums, which leaves higher competition between 

lower income rental units, suggesting a possible inflation of affordable rents (CMHC, 2010, 

p. 2).  

However bleak the statistics may look, all is not lost. The CMHC (2010) has indicated that 

new rental housing will be built during 2011 in Kelowna (p. 4). Although new rental housing 

will in fact be built, in order for it to be profitable for developers and investors, it will likely 

be on the higher end of the rental spectrum (CMHC, 2010). So, the question is not whether 

rental housing will be built; instead the question is where it will be built to serve the neediest 

areas, and how to make such units affordable.  
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1.2 Research Focus 

Income and rent levels are strong indicators of where affordable housing units should be 

located. This means it is necessary to go beyond physical requirements of building 

infrastructure and include socioeconomic factors, specifically those that affect the 

“economically and socially vulnerable,” mainly the low income population (Hodge & 

Gordon, p. 386). Locating the most optimal sites based on physical, social, and economic 

factors is important in supplying the affordable housing demand in the best way possible. It is 

critical to gain an understanding of these aforementioned factors to really understand their 

nature and connection to affordable housing with the aim of accurately determining the best 

area placement for actual housing units.  

Site selection studies using location and spatial analysis are a powerful way of obtaining ideal 

placement results. Geographic information system (GIS) analyses provide a gateway to 

approaching such a study. “GIS are capable of managing large amounts of spatially related 

information, providing the ability to integrate multiple layers of information and derive 

additional information” (Dai, Lee, & Zhang, 2001, p. 257). GIS overlays can, for example, 

evaluate and combine socioeconomic, physical, and spatial factors in an analysis to obtain 

potential sites for new affordable rental housing units. However, simple GIS overlay 

techniques can only identify areas which overlay each other without determining the 

importance of the separate input criterion, which means that all input variables are equal in 

their contribution to the determination of potential locations (Carver, 1991, p. 321). 

Furthermore, simple GIS overlays are limited to only a few factors, as anything over 4-5 

factors often become overcomplicated and incomprehensible (Carver, 1991, p. 326-327). 

Integrating GIS with another method, multi-criteria analysis (MCA) also referred to as multi-

criteria evaluation (MCE), where factors are weighted before an overlay is conducted is a 

more practical method, especially in terms of planning. Feick and Hall (2004) argue that 

“MCA methods can further extend the decision support capabilities of GIS by providing a 

framework where complex, multi-participant decision problems can be decomposed into one 

or more sets of decision criteria and related criteria weights” (p. 816). In terms of planning 

and sustainability, MCA can be further focused to a type of “suitability modeling” where 

optimal locations for either physical or socioeconomic utilization are derived through specific 

land area criteria (Chow & Sadler, 2010, p. 9).  
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Simon (1976) argues that “(d)ecision-making... tends to follow a rational, unambiguous and 

stepwise procedure through the stages of: (1) problem definition, (2) goal and objective 

specification, (3) generation of a feasible choice set, and (4) evaluation and identification of 

the ‘best’ alternative” (As cited in Feick & Hall, 2004, p. 817). GIS and MCA approaches to 

locating sites and decision-making does not fit nicely into Simon’s (1976) neat and tidy 

definition. Issues with using GIS-MCA approach is that it is generally ill-defined and requires 

subjectivity in defining several aspects, including: the problem, viewpoints to consider in the 

analysis, data required, optimal strategies, including weighting methods, and the scope of the 

project (i.e. how much to consider and where to stop the analysis), and how to manage spatial 

data accurately (Feick & Hall, 2004, p. 817). This, however, does not mean it’s applicability 

to decision-making is rendered inaccurate or useless, just more complicated.  

The topic of this research is worthy of investigation because it’s attempting to establish 

potential infrastructure locations based on the needs of the community from a socioeconomic, 

physical, and service oriented perspective using a common decision-making methodological 

approach. 

1.3 Overall Aim of Study and Specific Objectives 

The overall aim of this study is to fill gaps in the current literature regarding affordable 

housing placement in the framework of medium sized cities, specifically Kelowna, BC, in the 

Canadian context. That is, to expand on current understanding of what socioeconomic factors 

likely should be taken into consideration when planning affordable rental housing placement, 

and to better understand how to apply a GIS technique that can adequately encompass these 

factors and project a reliable scenario location. The purpose of this study is to investigate 

what factors influence the possible placement of an affordable housing unit and how these 

factors can be used in a GIS multi-criteria analysis (MCA) strategy to determine the most 

optimal locations for potential affordable housing units. The specific objectives of this study 

are: 

1) Identify the physical and socioeconomic criterion related to the placement of an 
affordable housing unit in Kelowna, BC. 

2) Evaluate the applicability of MCA in locating affordable housing sites by reviewing 
related examples and determining pros and cons associated with the method 
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3) Determine optimal affordable housing locations in Kelowna based on aforementioned 
factors and constraints through a MCA; and discuss the feasibility of building on said 
locations based on other factors of the area, including demographic statistics (age, 
immigration, education, etc.). 

4) Provide recommendations for a further, perhaps more in depth analysis using GIS-
MCA and affordable housing, or the application of report finding to other cities. 

There are specific limitations to this study. The geographical extent of the study includes only 

the City of Kelowna as defined by Canadian census tract boundaries. This means that only 

the City itself, encompassing only urban areas, is being taken into consideration. Also, the 

scope of this study dictates the amount of depth upon which the analyses can draw upon. This 

is specifically applicable to the socioeconomic perspective. Instead of including a statistical 

analysis of individual groups at risk of facing housing affordability problems, such as lone-

parent families, immigrants, seniors, disabled, visible minorities, etc., in the MCA itself, a 

broader variable is used which encompasses most at-risk groups involved, which is based on 

income, specifically low income, and median rental price levels. However, the some 

individual group comparative analysis to the MCA result will be included as a gateway to the 

discussion of results. The restraints placed on this study will simplify the MCA and will 

allow for a clarification of discussion. 

1.4 Literature Review 

This literature review will identify social and physical factors that other researchers have 

used in MCA location determination studies, and will evaluate the applicability of MCA as a 

method in determining possible locations for affordable housing units based on similar 

studies.  

Butler et al. (2006) use an MCA to determine the most suitable locations for sustainable 

urban development, specifically urban water resource management, based on physical, social, 

and economic factors. They suggest that MCA is ideal for locating areas because it allows the 

analyzer to “apply their own scenarios,” creating “scenario variability” where the user selects 

the factor criteria and the weights associated; and “(b)y ignoring certain criteria and placing 

more importance on others, users can focus on different aspects of sustainability and assess 

their impact on the siting of alternative urban development schemes” (Butler et al., 2006, p. 

26). The choice of chosen criteria in this study was centered on general sustainability 

principles, and more specific water management principles, with the researchers stating 

immediately that “the scope of this work does not include the entirety of issues pertaining to 
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sustainable development” (Butler et al., 2006, p. 23). They use spatial social factors such as, 

distance between communities, distance to urban centres, and proximity to transport; and 

physical factors such as, existing land uses, greenfields and brownfields, water locations, 

slope, elevation, and distance to flood plains to achieve their goal.  

Dai et al. (2001) state that a “(m)ulti-criteria evaluation is used to combine a set of criteria to 

form a single suitability map according to a specific category” (p. 265). The aim of their 

study was to use MCA in a GIS framework to do a geo-environmental land use assessment of 

specific land use zoned areas in Northwest China to determine their “development suitability” 

(Dai et al., 2001). The methodology included creating several criteria of physical attributes 

from several data types, including remotely sensed images, previously digitized maps, and 

tables and charted data, to obtain weightable factors to run an MCA (Dai et al., 2001, p. 260). 

Weighting of factors was done using analytical hierarchy process (AHP) (Dai et al., 2001). 

AHP is a hierarchical weighting process whereby criteria are weighted against one another in 

a matrix of pair-wise comparisons, where each criterion is ranked in importance against all 

other criterion (Saaty, 1977, p. 235). Dai et al’s. (2001) study focuses solely on physical 

factors, including: geological aspects, including topography, geology, hydrological and 

lithology features (p. 260). 

Chow & Sadler (2010) emulate Butler et al’s (2006) opinion of MCA with their statement: 

“the strength of MCDM [multi-criteria decision making] lies in its ability to provide a 

scientific analysis of infinite “what-if” scenarios by considering the biophysical factors as 

well as social opinions” (p. 9). In their study, Chow & Sadler (2010) aimed to locate the best 

area to develop a camp facility, by closely monitoring expert opinions being used in their 

weighting analysis of MCA. AHP was their chosen weighting method. They represented the 

importance of expert opinions in the AHP process of a MCA as a benchmark for their 

research. Other physical factors as suggested by Park et al. (2011) are: elevation, slope, 

aspect, distance from roads, road ratio, distance from urban areas, and landuse.  

In terms of physical factors the land uses in Kelowna have been determined for a projected 20 

year timeline, until year 2030, as indicated by the new official community plan (OCP) being 

finalized this year. The OCP states that “future land use designations define how land will be 

developed, and determine how the city will grow to accommodate people, businesses, 

institutions and agriculture” after having already taken into consideration physical factors of 

the land (City of Kelowna, 2011, p. 4.2). Similarly, relating to socioeconomic factors 
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Teixeira (2009) states that “(r)esidents of Kelowna are aware that urbanization is shaping not 

only the social, demographic and economic aspects of their community but also its complex 

real estate and housing markets” (p. 326). Every city, including Kelowna, has their share of 

an at-risk low income population who are facing housing affordability issues. Unfortunately 

there is a stigma related to such persons living in affordable housing, including, but not 

limited to, higher crime rates, less than adequate appearance of infrastructure, essentially 

provoking NIMBYism, “Not in My Backyard Syndrome,” a social factor of why a location 

may not be optimal from a community standpoint.  Unfortunately measuring resistance in 

locating a housing unit for the low income community as a social factor is not an easy or 

practical option within the scope of this study.  

Though, not all social factors are tough to measure, even if they are somewhat ambiguous; 

however, measuring social factors that apply to everyone is nearly impossible. It is really 

important to note that different people have different lifestyles and what is important to one 

person or group may not be important to the next. For example, Scheiner (2003) notes that 

some social “scenes” are important where people choose to be close to bars, pubs, meeting 

places, and/or work-out centres, while others are more private and need things like internet 

and delivery service (p. 321).  

Based on the literature it seems that MCA would be a sufficient method of obtaining an 

optimal location for an affordable housing unit in a regional area, by integrating social and 

physical factors in a GIS framework.  

Chapter 2: Methods 

2.1 Introduction  

Several different methods were undertaken to meet the stated objectives of this research 

study, which are listed below again for a quick reference.  

1) Identify the physical and social factors and constraints related to the placement of an 
affordable housing unit in Kelowna, BC. 

2) Evaluate the applicability of MCA in locating affordable housing sites by reviewing 
related examples and determining pros and cons associated with the method 

3) Determine optimal affordable housing locations in Kelowna based on aforementioned 
factors and constraints through a MCA; and discuss the feasibility of building on said 
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locations based on other factors of the area, including demographic statistics (age, 
immigration, lone-parent and one-person households).  

4) Provide recommendations for a further, perhaps more in depth analysis using GIS-
MCA and affordable housing, or the application of report finding to other cities. 

This chapter will detail all methodological approaches taken to reach results of all stated 

objectives 1 through 3. Split into sub-sections, first to be discussed is the overall research 

strategy that this study has undertaken, followed by how all data, both raw and theoretical 

data was obtained and processed, and finally an analysis of said methods and framework into 

which a discussion of possible limitations represented by the described methodological 

approaches can later be referred back to.  

2.2 Study Area 

Kelowna is nestled in the middle of the Okanagan Valley, which is located in the southern 

interior of British Columbia. It is located along the shoreline of Okanagan Lake at the valley 

center, which is surrounded by mountains on all sides. See Figure 1.  

 

Figure 1. Location of Kelowna in the Canadian and provincial context 

Source: Kelowna, 2011 
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As of 2006, when the last nationwide census took place, the population of Kelowna was 

106,707; which is an increase of 10.8% since the 2001 census population count (Statistics 

Canada, 2007). Kelowna showed an unemployment rate at this time was 4.8% and a high 

degree of aging population with 19.4% of Kelowna residents 65 years an older as compared 

to 14.6% provincial aging population (Statistics Canada, 2007).  

 

The City’s hot summers and temperate winters make it both a popular area to reside a likely 

tourist destination, where people can take advantage of the lake and mountains for water and 

hiking activities during the summer and the ski resorts nearby during the winter (City of 

Kelowna, n.d.a)  

2.3 Research Strategy  

The research strategy adopted for this study is a case study, which Biggam (2008) defines 

broadly as “a study of one example of a particular type [entity]...” (p. 83). For example, in 

describing case studies, he uses the example that studying RyanAir as one airline in a group 

of budget airlines is a case study analysis (Biggam, 2008, p.83).  

Although, this research study does not include obtaining primary data through the use of 

questionnaires or interviews, and is therefore not a case study in the traditional sense. 

However, because focus is being given to one topic, affordable housing, in one city, 

Kelowna, BC, for all intensive purposes, this empirical research strategy can be defined as a 

case study.  

This research can neither be defined strictly as quantitative nor qualitative in nature alone. 

Instead, it comprises a mixture of both methods. On one hand, the MCA is quantitative in 

nature, where values related to specific areas are being integrated and analyzed to give a 

numerical output, in this case areas determined to be the best locations for affordable housing 

sites in Kelowna. On the other hand, the discussion of why certain criteria are chosen and 

why the chosen areas is or is not representative answers the ‘why’ questions, and is therefore 

more qualitative in nature.  

2.4 Data Acquisition & Analysis 

Empirical data was obtained in both a theoretical context and in the form of raw analyzable 

data from various sources. This sub-section will discuss where data was retrieved from and 

how it was managed and input as variables for this analysis.  
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2.4.1 MCA Materials (Data) & Software 

The raw data for the factors and constraints of this analysis were largely obtained from two 

government agency GIS departments, the City of Kelowna and the Regional District of the 

Central Okanagan (RDCO), as secondary sources. Both institutions provided the most up to 

date, accurate, ESRI shapefiles (vector format) available. Other location data was obtained 

through references to address listings using Google Maps and CanPages address reference 

systems. Integration and manipulation of this data into constraints and factors was done 

mainly using the GIS software ArcMap 9.3. Supporting software included ArcView 3.0, AHP 

v.2.0, and Microsoft Excel. This section will now detail how each constraint and factor layer 

was created with reference to flowcharts of the analysis. 

2.4.2 Constraint Development 

A constraint map represents an area classified into a binary system. “Constraints are also 

called Boolean and ... reflect the inability to develop in certain areas” (Butler et al., 2006, p. 

25). This means that all values of the map are either 0 or 1. ‘0’ represents the constraint, areas 

where it is impossible to build, and ‘1’ represents areas outside the constraints where it is 

possible to build (Brandt, n.d.).  

The constraint layers in this analysis were all obtained as secondary sources in ESRI 

shapefile format from both the City of Kelowna and the Regional District of the Central 

Okanagan (RDCO) GIS departments. These complete layers include: Parks, lakes and 

streams of the entire RDCO, and road networks of Kelowna, and finally census tract 

delineation zones of Kelowna. Figure 2 shows a detailed flowchart analysis of how each 

constraint layer was created, and further how the final constraint map to be used in the MCA 

was obtained. A detailed description of constraint creation is also detailed below. Table 2 

shows a summary of the constraint maps created with their intended purposes. The first five 

constraint maps were included in the MCA, while the final constraint map, labeled “Mulitple 

Unit Residential Zoning” was instead used as a validation of the final MCA results (which 

will be explained in further detail later). 
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Figure 2. Detailed procession of constraint map completion, including functions and map outputs



13 

 

Table 2 

 Constraint Maps Included In MCA and for MCA Result Comparison 

 

2.4.2.1 Census Tracts 

The City of Kelowna includes 26 census tracts. However, there was no demographic 

statistical data available for one of these census tracts as it’s mainly businesses and lacks 

residences and therefore, it was excluded from the analysis. Figure 3 shows which census 

tract has been excluded from the analysis for clarification. It is not that new residential areas 

couldn’t be built in this specific tract; however the appropriate socioeconomic comparative 

data is not available for this area and thus cannot be included in this analysis.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Location of census tract (in black) which has been excluded from the MCA 
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The polygon feature layer had to be converted from vector to raster format and further into a 

Boolean format in order to be used in the MCA. The final binary image, shown in Figure 4, 

represents two values: ‘0’ for areas where it was impossible to build, as shown by the colour 

black, and ‘1’ for areas where it is possible to build, as shown by the colour white. 

 

Figure 4. Census constraint map showing where it is possible (white) versus impossible (black) to build 

2.4.2.2 Roads, Parks, Lakes, & Streams  

The roads, parks, streams, and lakes were all used as constraints as these specific areas all 

represent impossible sites to build infrastructure. Using the same methodology as the census 

tract constraint map, each of these vector layers was converted to raster format with a 20 m 

output resolution, which was further converted into a Boolean map.  Figure 5 shows these 

four constraints. 
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a)  b)               

c)  d)  

 

 
 
Figure 5. Individual constraint maps showing where it’s possible (white) versus impossible (black) to build: a) 
Lakes; b) Streams; c) Parks; d) Roads  
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2.4.2.3 Land Use – Multiple Unit Residential  

CMHC suggests that when locating a site for an affordable housing unit one should “check 

with the local planning department to learn what parts of the city or town will allow higher 

density residential development” (CMHC, n.d.c., p. 2).  As such, a complete future land use 

map was provided in an ESRI shapefile format from the City of Kelowna GIS department 

which shows land use zoning of every area of the City. Kelowna is currently finalizing their 

new Official Community Plan this year, with a twenty year projected timeline, which shows 

projected areas of growth and development for urban housing infrastructure. After reading 

through this OCP and the current Consolidated Zoning Bylaw No. 8000 “Urban Residential 

Zones” (City of Kelowna, 2010), three land use designations were chosen for potential rental 

housing sites based on their characteristics. These three designations are low, medium, and 

high density Multiple Unit Residential. See Appendix A for detail. All other land uses from 

the shapefile were deleted, leaving only the polygons associated with these residential 

criteria. As with the census tract data, these polygons were converted to raster format and 

were reclassified into a constraint map, where the residential areas were the possible place to 

build, and all areas outside were marked impossible to build. 

This layer is not used as a constraint in the MCA; rather it is used as a reference to be used in 

comparison with the final location results. The reason this constraint was not used in the 

analysis is that it is too powerful a constraint, meaning it basically excluded all other 

necessary constraints. However, using it as a comparison to the MCA, buildable areas could 

be delineated, where features like slope were already taken into consideration when the areas 

were zoned.  

2.4.3 Factor Development 

Factors used in an MCA are criterion which have a range of values which are comparable to 

one another. “In many analyses, especially those utilizing quantitative ... sources of data, 

some form of standardization of criterion is necessary to enable meaningful comparisons to 

be made on the basis of criteria measured on different scales” (Carver, 1991, p. 323). For 

example, it is common to use an 8 bit number, comprised on 256 values ranging between 0-

255 as a standardized interval range (Brandt, 2010). Figure 6 shows a flowchart of this 

study’s factor creation. Similarly, Table 3 shows a summary of the factors used in this 

analysis. 



17 

 

 

Figure 6. Detailed procession of factor map completion, including functions and map outputs
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“Usually up to about 6-7 different criteria are considered relevant. Having too many factors 

makes weighting very complicated. For example, if you have more than 10, the least 

important ones will receive relatives weights that are of such low importance that there may 

be other, more important criteria, that actually are not covered in the analysis” (Brandt, 

2006).   

Table 3 

 Socioeconomic and Spatial Factors Included in MCA 

 

2.4.3.1 Spatial Factors 

Digitized Point Shapefiles: Health Clinics, Large Grocery Stores, Elementary Schools, & 

Public Transit Stops 

Three point shapefiles were manually created in ArcMap and included health clinics, large 

grocery stores, and elementary schools. There are fundamental basic spatial social factors that 

are important to almost everyone, including “...the location of the property in relation to the 

services residents will need to access, such as shopping, medical, schools and transportation” 

(CMHC, n.d.c., p. 1), therefore it was important to include such factors in the analysis. Using 

the road shapefile as a guide (obtained from the City of Kelowna GIS department) new 

locations of health centres, grocery stores, and schools were manually digitized and plotted. 

Their final locations were determined by referencing CanPages and Google Maps listings of 

relevant health centres based on both visual determination of location and input address 

information. Figure 7 shows the locations of the digitized point features. 
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Figure 7. Features locations, including: Health clinics, large grocery stores, elementary schools and public 
transit bus stops 

Morland, Wing, Diez Roux, & Poole (2002) note that people’s “health and behaviours are 

affected by their social and physical surroundings” (p. 23). For example, they noted that 

people with a closer proximity to medical / doctor facilities “affected utilization of healthcare 

resources” (p. 23). That is, the closer health care facilities are the more people will utilize 

them. Certain health centre data was excluded, for instance, any cosmetic or specialized 

health centres. These are very specific offices, with only specialized medical treatment, and 

therefore are not indicative where affordable housing units should be placed. The exception 

to this would be if these specialized centres are located within the main general hospital, 

which is included in the analysis. The focus here was to make sure that the potential sites for 

affordable housing units were located close to a general medical practitioner whereby the 

lower income population could easily access the necessary care.  
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The House Select Committee on Hunger (1987) states that low income people can end up 

spending more on groceries due to buying them in “small stores with limited selections of 

foods at substantially higher prices,” while suburban dwellers are able to buy the same 

groceries in larger quantities at large supermarkets where costs are considerably less (As 

cited in Morland et al., 2002, p.24). Finally the House Select Committee on Hunger and 

Curtis & McClellan suggest that without access to large supermarkets, low income people 

have to rely on the higher priced, less healthy food; therefore it is essential to the less 

privileged that they either live relatively close to large grocery stores, or they have some sort 

of transportation available to reach these stores (As cited in Morland et al, 2002, p.24). 

Tenants of an affordable housing unit are generally in these units because of a low or fixed 

income and therefore travelling around to several speciality shops, or shopping in higher than 

average price markets is unrealistic and therefore excluded from this analysis. Proximity to 

large grocery stores is important, especially for low income people who do not have private 

transportation to travel large distances. As such, the grocery store layer excludes small 

specialized markets, such as meat or vegetable markets, and gas stations with small 

convenience markets, as these are not an indicator of where affordable housing units should 

be, and instead includes large chain store locations.  

Elementary schools were chosen as an indicator because one stable feature of almost every 

child’s life is going to a public school. As noted earlier, it is one of the fundamental elements 

of society, and it is essential that these children, especially of low income families have 

access to a school. Excluded in the analysis are middle schools, grades 7-9 and high schools, 

grades 8-12 or 10-12. The reason for the exclusion is that only 4 middle schools and 3 high 

schools serve the entire area of the City of Kelowna, as opposed to the 18 public elementary 

schools that serve the same area. Therefore, regardless of where an affordable housing unit is 

built, these older students are likely to have to travel or walk far greater distances. 

A fourth point shapefile was used that included all bus stop locations on all BC Public Transit 

routes in the City of Kelowna. Scheiner (2003) supports possibly including public transit 

locations be evaluated in relation to choice of affordable housing locations, when he states:  

“Households without a car might choose their housing location much more in terms 

of the availability of public transport and supply of infrastructure on a small-scale 

level than households with a car – which are able to choose their housing location in 

a broader range” (p. 322). 
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This public transit shapefile was obtained from the City of Kelowna GIS Department, where 

it was last updated in 2009. Each vector point file was converted to raster with a 20 m 

resolution. 

The public transit bus stop locations was chosen as a factor for the analysis because it is 

essential that low income members of society have the ability to travel for work, shopping, 

entertainment, etc. It is unlikely that all of the low income population would be financially, or 

even physically, capable of owning and driving a vehicle to and from necessary locations. 

Therefore, an affordable housing unit would need to be in relatively close proximity to bus 

stop locations to provide them with accessible mobility options.  

2.4.3.2 Buffering 

Proximity analysis of several features was done using buffering. Buffers were created around 

the five features, grocery stores, health clinics, elementary schools, transit stops, and parks in 

ArcView, where the input features were vector points, and the output features were raster 

images with resolutions of 20 m. Figure 8 shows one example of a buffered factor map, point 

buffers.  

                   

Figure 8. Buffered derived (proximity) factor map for public transit bus stops 
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These new raster files were then opened in ArcMap and were clipped to fit the city of 

Kelowna area using the Extract by Mask tool. The buffers were reclassified to a range 

between 0 and 255. The default reclassification graded the values from 0 (closest to the 

entity) and 255 (farthest away from the entity). These values had to be manually inverted as 

the most optimal locations, as represented by 255 needed to be closest to the entity. The 

extraction had to be done here otherwise the entire extent of the census tract unit would have 

been included in the reclassification, and would have provided erroneous results. The other 

four maps can be found in Appendix B.  

2.4.3.3 Socioeconomic Factors 

Socio-economic data was obtained from Statistics Canada “2006 Census Tract Profiles,” 

which gave specific data for each Census tract located in Kelowna. The data is quite 

extensive and therefore the entire data set was sifted through and the factors deemed 

important to this analysis were compiled into one Excel spreadsheet. The demographic data 

focused on here was after-tax disposable income and median rents per census tract area. Once 

the important data was separated, the data could then be entered into the Census Tract 

attribute table layer in ArcMap making each of the data obtained mappable and useful in the 

MCA.  

These socioeconomic factors were chosen because they are indicators of where affordable 

housing units should be placed. Low income levels and median rents suggest a need for 

affordable housing based on financial merit alone. Although other available census 

information is important, such as population age, immigration, single parent households, and 

single person household, it was determined that including all factors in the MCA would 

overwhelm the results in the weighting process, and each factor would not be influential in 

locating possible areas, as there would be too many input factors. However, thought not 

included in the MCA layers containing the four socioeconomic dataset above were created to 

use in a comparative analysis of the MCA results.  

So, although most of the socioeconomic layers were used only to compare and analyze final 

results, the median income and median rent factors were manipulated further to include in the 

MCA.  

Median income and median rents were converted to raster format, using the attribute field 

with their respective values. Both raster layers were manually stretched where values were 
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changed to a scale of 0-255 to include in the MCA. See Equation 1. The stretching only 

produced 24 classes, instead of 25, as two values in median income were so close they were 

given the same stretched classification, and two values in the median rent were exactly the 

same and thus given the same stretched value.  

a-a = 0     a= original value minimum   (1) 
b-a = c      b= original value maximum 

255 / c = x     c= difference between original values 

      x= new range conversion value  

0-255 Range = (Raster Layer – c) * x 

 

However, this equation made the highest original values (highest median income and median 

rent) the most optimum locations by them as 255. The reverse was needed here; classifying 

therefore the 24 values within the 0-255 range had to be reversed manually during a 

reclassification. Figure 9 shows the median income factor as an example of how the 24 tracts 

were stretched linearly. The median rent factor map can be found in Appendix C.   

 

Figure 9. Median income factor map showing 8 bit values stretched over 24 census tracts 
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2.4.4 Execution of MCA 

The execution if the MCA first started with creating both a final constraint and factor map. 

The final constraint map was simply created by multiplying all six constraint layers together, 

see Figure 10. The final factor map was a little bit more complicated in that each individual 

factor map had to be weighted before all maps could be combined. Weight order was 

determined through the analysis of importance of each factor in relation to each other. The 

crux of this investigation is focusing on socioeconomic factors; therefore the two 

socioeconomic factors were deemed the most important. Median income specifically was 

chosen as highest importance, because affordability is a measure of income. The following 

five factors were listed by deemed importance as determined through the literature, with 

health being the most important, and proximity to parks and open space being deemed least 

important.  

 

Two weighting methods were used in this study: AHP v.2.0 and the Rank Order methods. As 

noted earlier AHP is a hierarchical weighting method that uses a pair-wise matrix for 

comparisons between factors. Table 4 shows the rank of each factor and their weights using 

both methods. 

 Table 4  

MCA Factors and Their Respective Order of Importance and Weights (AHP and Rank Order) 
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The Rank Order method is simpler and orders criterion from most important to least 

important (Brandt, 2010). Rank order follows the follow equation:   

 

w(i) = n – Ri + 1    Ri = Rank position of criterion i  (2)
  ∑(n-j+1     n = Number of criteria 

∑(n-j+1) = Sum of all ranks 

 

 
Each AHP factor weight was multiplied by each factor map, followed by adding all factor 

maps together to create the final AHP factor map. The exact same process occurred for the 

final Rank Order map. Final results were obtained by multiplying the final constraint map 

together with the final factor map. In this study, two final results were obtained, using the 

AHP and Rank Order weighting methods. The results of both weighting methods highly 

corroborated each other. Figure 11 shows the final factor maps (for both AHP and Rank 

Order methods). 

 

Figure 10: Final constraint map 
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b)  c)  

          Figure 11. a) Final factor map (AHP); b) Final factor map (Rank Method) 

The next section - Results - will present the findings of the MCA and provide a description of 

the empirical outcome of the analysis. The Results chapter will be followed by a discussion 

of the results and an integration of the literature review with the results.  

Chapter 3: Results 

This chapter will deals strictly with revealing the empirical findings as described during 

Chapter 3 (‘Methods’). This straight forward description will pave the way for the important 

discussion of results and literature review, in what Biggam (2008) terms the “analysis and 

synthesis” portion of the thesis (p. 129). Objective 3 as laid out in Chapter 1 (‘Introduction’) 

clarifies what will be revealed in this Results section: 

3) Determine optimal affordable housing locations in Kelowna based on aforementioned 

factors and constraints through a MCA; and discuss the feasibility of building on said 

locations based on other factors of the area, including demographic statistics (age, 

immigration, education, etc.) 

3.2 MCA Results 

There are two final MCA results for this study based on the different weighting methods 

used. Figure 12 shows the results using both the AHP and Rank Order weighting methods. 
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Figure 12. Final MCA results – AHP (top) and Rank Order method (bottom) 
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The different weighting approaches, AHP and Rank Order, used allow for comparisons to be 

made between the different results, attempting to justify and corroborate the overall 

locational results of one another. Another result, outside the MCA framework, is comparative 

results which show where the future planning zoned areas for multiple residential units are in 

comparison to the projected MCA optimal sites for the affordable housing units. It was 

important to do two analyses, firstly the MCA as described in Chapter 3 (‘Methods’) and 

secondly a simple GIS overlay with multi-unit residential zoning. One might question why 

the multi-unit residential zoning was not included instead as a constraint in the original MCA 

analyses, alleviating the need to do further simple GIS overlays on the MCA results. The 

reason for this is that the multi-unit residential zoned areas provided too overpowering a 

result, negating the other five constraints used in the analysis. It was thought that an analysis 

should be run without it, to determine if the same locations would be derived from the other 

constraints and factors, without restricting to just the zoned areas. The multi-residential areas 

as determined by the City of Kelowna are projected zoned areas for the next twenty years; 

however, it is reasonable to surmise that zoning may change, so basing the whole MCA in 

this case on the projected zoning would provide potentially erroneous results.  

The results of the both MCA determine the best possible areas to site new affordable housing 

units based on the input criterion. Pixel values of 255 indicate the most optimal locations, but 

close values to 255 are also good locations. As such, three ranges of values are focused on in 

the results, showing the three most optimal areas.  

Most Optimal = (255)     2nd Good = (250-254)     3rd Fairly Good = (241-249) 
 

Based on the above range, the Rank Order method shows slightly more detailed results and a 

somewhat smaller extent. Therefore, it will be the Rank Order results that will be evaluated 

from here on out. Both weighting methods provided very similar results, therefore analyzing 

just one method from here in sufficient; and choosing Rank Order methods just shows 

slightly more narrowed-down areas of potential affordable housing siting possibilities. 

Appendix D shows a clear map comparison between both the Rank Order and AHP 

weighting methods. There are two main areas within Kelowna assigned as potentially good 

sites. One lays in the Central City itself, and the other in the area of Rutland. See Figure 13. 
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Figure 13. Rank Order Method - Most Optimal Locations for Affordable Housing Units 

Based on the socioeconomic indicator, median income levels per census tract, the potential 

areas are strongly representing the lowest values of this factor. For instance, there are a total 

of six census tracts involved in the best possible locations, and all of these census tracts are 

ranked within the top seven lowest values of median income. The other socioeconomic input, 

median rent, does not hold quite as strong an influence, as it was ranked second in the Rank 

Order weighting method. Though, the two lowest cost rental tracts represent the areas where 

it is most optimal to build. The second and third most optimal sites, however, are represented 

by higher rents, though nowhere near the upper end of the rental cost spectrum. These results 

indicate that all spatial factors are represented as well. In all MCA defined potential areas 

there are health clinics, large grocery stores, public transit stops, elementary schools, and 

parks relatively close. Figure 14 show these features relative to the MCA designated optimal 

building areas. 
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Figure 14. Detailed MCA areas showing point features, major roads, water bodies and parks of Rutland and 
Central City 
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Really important to note here is that there are major roads with many public transit stops that 

run through each of the best possible locations. This means that even if potential low income 

residents cannot walk to or drive themselves to their needed locations, there is adequate 

transportation available. Though, the central area of the City appears to have more available 

public transit stops than Rutland does.  

3.2.1 Multiple Residential Planned Zoning Areas of Kelowna 

A simple GIS overlay using the multiple residential zoning vector layers indicate that there 

are several such zoned locations within the optimal potential areas for building affordable 

housing units as indicated by the MCA. See Figure 15. This analysis, although simple, further 

supports that areas indicated by the MCA, by aligning this study results, with the City 

determined areas for multiple unit apartments. Similarly, it narrows the potential locations 

somewhat further, from entire census tracts, to smaller manageable areas. Figure 14 shows 

the zoned polygon areas for multiple unit residential sites over the MCA (Rank Method) 

results for both the Central City and Rutland. It must be noted, that the scope of this study 

does not indicate which multiple residential zoned areas are already built on, just that these 

areas are zoned for such building for the next twenty year period and are projected as the best 

areas to build affordable housing units.  
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Figure 15. Multiple unit residential zoned GIS overlay with MCA Rank Method results; City Center (left), Rutland (right). 
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3.2.2  Other Socioeconomic Factors 

As noted earlier, there are specific low income people who are affected by a lack of 

affordable housing. In Chapter 1, Novac et al. (2004) indicated that immigrants, lone parent 

families, young adults and seniors all face affordable housing problems. Taking this into 

consideration and mapping these specific population demographics, one can further try and 

corroborate the more general MCA findings. Figure 16 shows four such demographic 

characteristics: Immigrant population, lone-parent population, seniors (65+), and single-

person households.  

 

Figure 16. Comparable socioeconomic factors outside MCA; black areas show the highest concentration areas 
of each socioeconomic feature, while light grey shows the smallest concentration 
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In a perfect world all of these values would match perfectly with the MCA results, however 

that is not the case. In most instances however, these new mapped socioeconomic statistics do 

support the need for affordable housing units in either the Central City or Rutland areas. 

Specifically the highest proportion of lone-parent households are located in the most optimal 

census tract areas as indicated by the MCA in the Rutland area. Similarly, the highest 

percentages of one-person households are located in the two census tract areas as indicated by 

the MCA in the Central City area. As for immigrant and senior population, the highest 

population values are not located within the MCA determined census tracts, though higher 

than average values are located in these areas, supporting the MCA results, that there is 

sufficient population likely in need of affordable housing in these areas.  

Chapter 4: Discussion 

As a reminder and for convenience the four objectives as stated in Chapter 1 (‘Introduction’) 

are outlined again below: 

1) Identify the physical and social factors and constraints related to the placement of an 
affordable housing unit in Kelowna, BC. 

2) Evaluate the applicability of MCA in locating affordable housing sites by reviewing 
related examples and determining pros and cons associated with the method 

3) Determine optimal affordable housing locations in Kelowna based on aforementioned 
factors and constraints through a MCA; and discuss the feasibility of building on said 
locations based on other factors of the area, including demographic statistics (age, 
immigration, education, etc.) 

4) Provide recommendations for a further, perhaps more in depth analysis using GIS-
MCA and affordable housing, or the application of report finding to other cities. 

 

4.1 Criterion Analysis 

The results of these analyses are promising. The process of obtaining potential criterion and 

applicability of MCA through a literature review provided a solid foundation for which to run 

the GIS analyses to find potential locations for affordable housing units. The literature was 

evaluated critically whereby prior knowledge in the subject area of both affordable housing 

and GIS analysis, such as multi-criteria analysis, were investigated and potential physical and 

social factors related to the placement of affordable housing infrastructure were assessed and 

chosen in the context of this study. 



35 

 

“There exist an infinite number of approaches to choosing the criteria, their influence and the 

means of determining that influence” (Butler et al., 2006, p. 31). This can be both a positive 

and negative aspect to running a MCA. On one hand the variability makes focusing on 

specific criteria and a specific outcome feasible, but on the other hand, it makes the 

experiment more subjective thereby leaving the results open to criticism. Similarly, choice 

criteria can make repeating the experiment questionable if the choices are not well justified. 

However, when running such an analysis it is necessary that the researcher makes decisions 

on what variables to include or exclude, and similarly how important each feature included is. 

“In addition to facilitating a decision resolution, the very process of defining criteria [and] 

weights is often claimed to help decision participants understand the decision problem better 

by forcing them to justify their priorities in evaluating competing alternatives” (Feick & Hall, 

2004, p. 816).  

Mapping physical factors, as constraints, and the spatial factors using buffer analysis is a 

fairly simple and straightforward procedure for as indicated in the Methods sections of this 

study. Although proximity is not a one hundred percent indicator in itself of where affordable 

units should be placed, not including it in this analysis would presume that low income 

residents were able to travel at great length to get to any number of needed places. It would 

be unwise to assume that these residents had access to private transportation. 

Following this line of thought, all possible socioeconomic factors were not included in this 

analysis. This occurred for two major reasons. One, statistics are not available for all at risk 

groups potentially facing affordable housing problems. For example, per census tract there 

are no statistics available on the percentage of population facing mental or physical 

disabilities, persons with addictions, or delineations of different income types. To clarify, 

people receiving income solely by social services (welfare, unemployment insurance, 

disability insurance, or employment income) are not delineated from one another in the 

statistics. However, even if all statistics were available, it would be impractical to exhaust an 

entire list of potentially relevant criteria for this analysis. Therefore, this analysis presents 

only a broad view based on the data available for those likely in need of affordable housing. 

The hope was to delineate areas where an affordable housing unit would likely help the most 

people.  

Mapping socioeconomic factors, however, proved somewhat difficult, though not impossible. 

The 25 original census tracts became 24 distinct units during the stretching of values on the 
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8bit scale due to some values very close to one another. (It should be noted that the 8bit scale 

used here is a limitation of the ESRI software, and that other software allows for greater 

scales and thus more detailed results (A. Östman, personal communication, June 10, 2011). 

Census tract delineation zones are not continuous fields that can be measured on the full 0-

255 scale; however, the values were still able to be stretched sufficiently to be included in the 

MCA to produce important and adequate results. The difference in using such “block” data as 

opposed to continuous data, such as proximity analysis, is that instead of locating very 

specific areas in the analysis, for example small groups of pixels, larger areas were located 

due to the nature of the entire census tract containing only one value. This does not render the 

result of this study less accurate, just broader.  

4.2 Data Acquisition 

Unfortunately, it was not possible to obtain firsthand data because, one, the area in question is 

on a different continent, and two, the time constraints were too tight to enlarge the scope of 

the study to obtain such data. The time frame of this dissertation was a mere 10 week period 

for which to obtain, analyze, report on, and discuss all data and findings. Although primary 

data was not available, promising secondary data was retrievable and reliable. In this study it 

was very beneficial to use as much data as possible provided directly from the City of 

Kelowna and the RDCO GIS departments. As two government units the data they provide 

must meet a certain standard and be as accurate as possible. The attribute information of each 

feature they provided is a much more complete and accurate record than otherwise would 

have been achieved by manually creating every layer through digitizing. Aside from the few 

point features that were manually digitized using the provided road layer as a base, digitizing 

all other features manually would have inevitably lead to user error in the GIS, which just 

would have compounded with each layer throughout the final analysis from rasterization of 

the feature layers to the inclusion of said raster layers in the final analysis.  However, even 

using an accurate reference, there are still some problems associated with digitizing point 

features. One, the location depends on address data provided by Google Maps and CanPages, 

which then gets manually compared to the road layer. Manual digitization without firsthand 

satellite coordinates (from GPS) means relying on available address and location information. 

Similarly, the size of each structure being digitized varies, which could potentially alter the 

buffer analysis. However, the size of each building is not known, and irrelevant for the scope 

of this project. Therefore, it is suffice to say that each point presents the most accurate 

location possible, without being at each location and taking GPS measurements firsthand.  
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4.3 MCA Applicability & Results 

In terms of research strategy, there are negative aspects of conducting case studies, most 

notably being that the results cannot be generalized to other areas, in this case other cities or 

communities (Biggam, 2008). However, where generalization becomes impossible, 

relatability becomes possible (Biggam, 2008, p. 123). In this case the chosen method, MCA, 

and chosen input criteria perhaps can be extended and performed to another area to obtain 

case-specific results for another area.  

MCA looks to be a reliable and valid method to obtain optimal results to locate an area to put 

a possible housing unit, however, the results must be discussed in such a way that 

shortcomings of such an analysis are noted. For example, the subjectivity of weighting, and 

choosing which factors to include or deny in the analysis, and further recommendations of 

analyses that should be done to deliver more complete and well-rounded results. Although 

advantageous is many situations, there are disadvantages to using MCA, largely due to the 

weighting process of the factors being looked at. Park et al. (2011) note, regarding GIS 

location analyses, including MCA and the use of AHP that “...such statistical and quantitative 

methods can be constrained by insufficient knowledge of field, limited reproducibility of the 

results, and subjectivity in the variable weight” (p. 105). Shortcomings of the rank order 

method is that it is quite an overly simple method and may not stand up to severe scrutiny in 

relation to other possible weighting methods. Similarly, Chow and Sadler (2006) state that 

the “inappropriate selection of factors ... negates any results produced from the ensuing 

analysis” (p. 10). In this study, however, the use of a literature review helped to relieve some 

of this potential criticism by providing a foundation about what factors potentially should be 

used. 

Although locations for affordable housing units could potentially be placed anywhere within 

the City of Kelowna, the type of analysis that this study provides, narrows down the field 

considerably to sites that have an applicability to many people. By using socioeconomic 

factors in the analysis, a deepened understanding outside blatant physical requirements allows 

for needs and characteristics of the community to be taken into consideration. The results of 

this study show those needs, by locating areas that currently house the lowest income 

population, where rents are the least expensive, and where fundamental services are readily 

available. Using current statistics such as income and rent prices, potentially allows planners 

to locate new rental affordable housing units close to where low income people currently 
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reside. This is important because it means less displacement for people who may have to 

relocate to get into more affordable units.  

These results here provide a somewhat broad interpretation of where affordable units 

“should” be built. Basically, this analysis opens up a starting point, for which to apply other 

socioeconomic scenarios too. It was important to relate other socioeconomic factors into the 

analysis, to see how the results would hold up when compare to specific at-risk groups. 

However, simply including these in-depth social factors in the MCA would not have been 

wise, because the results would be weighting toward specific groups, as opposed to the low 

income population in general. Instead, an analysis such as this opens the gate for doing 

demographic specific analysis for a housing development specifically geared toward a 

particular part of the population, be they single parents, immigrants, students, the elderly, etc.  

4.4 Recommendations 

The scope of this study did not allow an intensive analysis of each specific group. Perhaps 

future recommendations in this field would be to do an analysis by at risk groups, in small 

dissemination areas of the same region. Similarly, Biggam (2008) suggests that case studies 

are normally largely qualitative in nature, with a heavy basis on questionnaires, interviews, 

and/or focus groups as methods for obtaining data, which can negatively affect the reliability 

of case studies due to a high level of subjectivity, if adequate rationalization and support is 

not provided regarding results. However, qualitative methods to obtain a deeper 

understanding of the social situation in this study would have provided a greater 

understanding to the discussion of results. The literature supports the use of these qualitative 

methods to obtain such results, for examples in Teixeira’s (2008) study of using a 

questionnaire to obtain subjective information of barriers immigrants felt to obtaining 

housing and Vaidyanathan & Wismer (2005) study where they obtained information via 

interviews, meetings, and workshops (p. 289). This means, where as primary data could have 

helped guarantee a more well-rounded in depth analysis, the lack of primary data simply 

helps this research stay objective as possible. Implementing a deeper expert opinion into the 

weighting of the factors for the MCA GIS strategy would do nothing but strengthen the 

study’s findings. 
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Chapter 5: Conclusions 

 

In conclusion, the execution of a MCA in the framework of GIS using socioeconomic and 

physical factors mapped spatially provides excellent results of where to locate potential 

affordable housing units. Using the MCA allows for weighting of criterion against each other, 

providing locations based largely on socioeconomic factors, deemed most important in this 

study. Although there are several factors, both socioeconomic and physical, to choose from, 

adequately evaluating literature and making educated decisions of which factors to include in 

such an analysis is a straightforward approach, as opposed to arbitrarily choosing criteria or 

exhausting an entire list of criteria relevant to building site locations. Though there are some 

pitfalls of using MCA such as the subjectivity of choosing criteria and the weights of such 

criteria, this study shows the benefits of using MCA as a spatial location technique. One very 

positive outcome of using the MCA in this study was locating areas from which further 

comparative analysis could be achieved (creating more detailed locations). The scope of this 

study garnered geographic and statistical limitations, rendering a somewhat broad area result. 

However, the methodological approach used in this study can act as a foundation for further 

more in depth studies, either in the case of Kelowna, or as a relatable statistical analysis to 

other cities aiming to locate sites for urban infrastructure.  This study aimed to locate the best 

areas to locate affordable housing units based on socioeconomic factors, and achieved such 

goals through the use of literature analysis and GIS-MCA.  
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Appendix A 

Additional Tables of Interest 
 

Table 1 

Multiple Unit Residential Criteria 
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Appendix B 

Additional Figures of Analysis

 

 

Figure 2. Elementary school factor map: black indicates most                                               Figure 3. Park factor map: black indicates most optimal areas,  
optimal areas, while white indicates least optimal                                                                  while white indicates least optimal 
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Figure 4. Large grocery store factor map: black indicates most                                            Figure 5. Health clinic factor map: black indicates most optimal areas,  
optimal areas, while white indicates least optimal                                                                while white indicates least optimal 
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Appendix C 

Additional Figures of Analysis 

 

Figure 6. Median rent factor map; black indicates most optimal areas, while white indicates least optimal 
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Appendix D 

Additional Figures of Analysis 

 

 
 

Figure 7. Comparison between extension of AHP and Rank Method weighted results; Rank Method is more detailed and defines a smaller area than AHP 


