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Abstract 

Background—Rapid transit such as SkyTrain is beneficial to move people efficiently, 

reduce carbon emissions, and increase physical activity. However, these benefits attract 

new development resulting in rising housing prices that may consequently change the 

household income composition. Metro Vancouver has not skirted this phenomenon, with 

rapid population growth and signs of neighbourhood change near SkyTrain.  

Research Question—Does the household income composition change in areas nearby 

new SkyTrain stations? 

Hypothesis—After a new SkyTrain station opens, lower income households may initially 

have better access to rapid transit, but over time nearby areas shift towards higher 

income households.  

Methods and Procedures—This natural experiment study uses census data for Metro 

Vancouver census tracts (CTs) 1981–2016. Household income composition is measured 

using relative share of households (location quotient (LQ)) in three income categories. 

Exposed areas are within 1.6 km (20-min walk) of SkyTrain stations compared to the 

rest of the region. Spatial analysis visualizes geographic distributions using ArcGIS, and 

statistical analysis tests concepts with linear mixed effects models using R software. 

Results—The study assesses 374 CTs in 17 municipalities and finds areas nearby new 

SkyTrain stations start with a larger relative share of lower income households at 

baseline (1981) but shift towards more affluence over time. The areas exposed to 

SkyTrain changed in relative share of households faster than unexposed areas by  

LQ= -0.024, -0.012, and 0.026 more for very low, lower, and high income households, 

respectively, per census year (every five years). This means the relative share of each 

income group changed by 1–3% more in exposed areas than unexposed areas over 

every five-year period or a total change of 8–18% more over the entire study period.  

Conclusions—Future planning must consider SkyTrain does impact who lives in areas 

nearby and options to protect lower income housing with access to transit are needed. 

Keywords: rapid transit; neighbourhood change; displacement; household income; low 

income; transportation 
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Chapter 1. Introduction 

Metro Vancouver is changing rapidly as more people move into the region. Over the last 

5 years (2011–2016), the Vancouver Census Metropolitan Area (CMA) population grew by 

6.5%, faster than the Canadian average (Statistics Canada, 2017b). To cope with this growth 

and move people throughout the region, TransLink, Metro Vancouver’s regional transportation 

authority, along with provincial and federal government have invested in a large rail rapid transit 

system called SkyTrain. TransLink is continuing to add stations to the SkyTrain network and 

improve frequent bus services. However, current gentrification and displacement trends in Metro 

Vancouver suggest lower income households, who may need these rapid transit services most, 

are getting displaced from walking distance to the services due to rising property values and 

rental rates near SkyTrain (C. E. Jones & Ley, 2016a).  

In the context of this work, I define gentrification as redevelopment of run-down or 

disinvested neighbourhoods and displacement as a negative consequence of this development 

trend. Displacement of lower income households is often associated with the rise of desirability 

and prices in gentrifying neighbourhoods (Freeman, 2005). However, displacement is difficult to 

measure, since it requires tracking individuals or households over time.  

To assess gentrification and displacement changes around rapid transit, a few studies 

have looked at social and spatial equity impacts of transportation investments before and after 

implementation. Social equity refers to who can access the infrastructure, while spatial equity 

refers to where this infrastructure is developed (Litman, 2017). Most studies have looked at  

spatial equity, in terms of accessibility to the stations or to destinations such as job opportunities 

and amenities (Bardaka, Candidate, Dimitra Pyrialakou, & Gkritza, 2015; J. P. Bocarejo, Portilla, 

& Meléndez, 2016; Delmelle & Casas, 2012; Fan, Guthrie, & Levinson, 2012; Foth, Manaugh, & 

El-Geneidy, 2014). Although results vary by city, most find accessibility is improved after 

implementing new rapid transit lines, resulting in improved spatial equity (J. P. Bocarejo et al., 

2016; Delmelle & Casas, 2012; Fan et al., 2012; Foth, Manaugh, & El-Geneidy, 2013). Only two 

studies have assessed the change in social equity around new stations, specifically looking at 

indicators of socioeconomic status for those who live within walking distance to the stations 

(Bardaka et al., 2015; Bardaka, Delgado, & Florax, 2018; Foth et al., 2013). These studies 

occurred in North American cities similar to Vancouver, namely Denver, Colorado and Toronto, 

Ontario (Bardaka et al., 2015; Foth et al., 2013). Both found a suburbanizing trend for the lower 
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socioeconomic populations, suggesting these people may be displaced from the areas walking 

distance to stations (Bardaka et al., 2015; Foth et al., 2014). To date, a quantitative analysis of 

the changes in social equity has not been conducted for SkyTrain stations in Metro Vancouver. 

To address this gap this study will evaluate the changes in lower income household distribution 

throughout the region from 1981 to 2016, as SkyTrain was developed. 

1.1. Research Question 

Does the household income composition change in areas nearby new SkyTrain 

stations? 

1.2. Hypothesis 

After a new SkyTrain station opens, lower income households may initially have better 

access to rapid transit, but over time the areas shift towards higher income households.  

1.3. Normative Stance 

It is important to note that the entirety of this thesis is written from my perspective, with 

the underlying assumption and bias that public transit is inherently a good thing. My background 

is in public health, active transportation, and public transportation, so I operate using a 

quantitative, population-wide approach in a department where students typically take a 

qualitative deep dive into a more specific area. My goal exploring this topic was to add a rich, 

region-wide, quantitative analysis to our knowledge of neighbourhood change around SkyTrain 

in Metro Vancouver. Other studies have already done qualitative assessments and station-

specific assessments on development.  

While I was writing this thesis, I began employment at TransLink. The views in this thesis 

are my own. However, I have learned more about our regional public transportation with 

knowledge from working internally in the agency. 
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1.4. Research context 

1.4.1. Study Area – Metro Vancouver 

The Metro Vancouver region is made up of 23 local governments (Figure 1.1). Each 

municipality maintains their own land use zoning and community planning while contributing to 

regional planning. Regional plans, like the Regional Growth Strategy, are administered by Metro 

Vancouver with inputs from each of the municipalities. Importantly, it is up to the municipalities 

to determine how housing is developed around the SkyTrain stations and policies may vary from 

city to city. For example, three previous Urban Studies theses explored the unique 

circumstances for development around SkyTrain stations in three different municipalities—22nd 

Street Station in New Westminster, Main Street–Science World Station in Vancouver, and 

Edmonds Station in Burnaby (Cote, 2014; A. T. Jones, 2012; Ohnemus, 2016). The region is 

experiencing large population growth (6.5% since 2011), because it is a desirable location for 

businesses and job opportunities (Statistics Canada, 2017b). The area also experienced a shift 

from industrial to technological and financial businesses, in line with its growth as a global city 

(Smith, 1992). As the third largest urban region in the country and only Canadian metro region 

on the Pacific Ocean, the region is the Asia-Pacific gateway to Canada, both in visitors and 

investments (Montsion, 2011).  

Population growth is putting pressure on the public transit system, owned and operated 

by TransLink. This is demonstrated by the highest annual ridership growth (5.7%) in 2017 in any 

North American city (TransLink, 2018c). At the same time, the region is experiencing a housing 

affordability crisis. The region needs to understand the trends in transportation and housing, so 

the issues can be tackled considering all community members. 
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Figure 1.1: Metro Vancouver region by local government boundaries (n=23) 

Spatial trends for sociodemographic changes are being tracked in major Canadian cities 

by the Neighbourhood Change Research Partnership, University of Toronto (Neighbourhood 

Change Research Partnership, 2011). Lower income households in Metro Vancouver are 

typically located near SkyTrain stations in Vancouver, Burnaby, Richmond, and Surrey 

(Neighbourhood Change Research Partnership, 2017). Members of this partnership found 

Vancouver was characterized by greater shares of affluent households overall, rather than 

polarizing trends (more low and high, less middle income households)seen in Toronto and 

Montreal, over the time period from 1971 to 2001  (Walks & Maaranen, 2008b). Their early 

analyses in Vancouver showed gentrification in the city occurred in Fairview and Kitsilano in the 

1970s and Gastown, Yaletown, and Strathcona in the 1980s (Walks & Maaranen, 2008a).They 

also noted fewer immigrants are moving into these areas and there are declining shares of 

visible minorities (Walks & Maaranen, 2008b). In 2010, the annual income year reported in the 

2011 census, the areas with the highest proportion of people with low incomes (43–80% of the 

regional average) were east Vancouver, south Burnaby, north and central Surrey, and central 

Richmond near SkyTrain stations (C. E. Jones & Ley, 2016a; Neighbourhood Change Research 
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Partnership, 2017). There were additional small pockets of lower income individuals near Park 

Royal (West Vancouver), Lougheed Town Centre (Burnaby), Coquitlam Centre, and Langley 

Centre (City of Langley) (C. E. Jones & Ley, 2016a; Neighbourhood Change Research 

Partnership, 2017). The distribution of lower income households is important to note, since most 

are near rapid transit. Lower income households may also be transit-dependent, since owning, 

maintaining, insuring, and fueling a personal motor vehicle is increasingly expensive 

(Sukaryavichute & Prytherch, 2018). 

1.4.2. Public Transit in Metro Vancouver  

History of Public Transit 

Public transit in Metro Vancouver shifted between private and public ownership, as well 

as varying levels of government. Starting in 1897 the region had electric streetcars and later 

electric trolley buses, privately owned by the BC Electric Railway Company (Wales, 2008). In 

1962, the province of BC purchased the company and operated transit through BC Hydro 

(Wales, 2008). Later, operations switched to BC Transit (1976), the current bus service operator 

throughout the rest of the province (Wales, 2008). Eventually, a regional strategy in 1993 

recommended the creation of a regional transportation authority (Acuere Consulting, Silex 

Consulting Inc., & Steer Davies Gleave, 2013; Wales, 2008). TransLink was fully launched on 

April 1, 1999 as the transportation authority owning and operating public transit in Metro 

Vancouver (Acuere Consulting et al., 2013; Wales, 2008). 

The Greater Vancouver Regional District (GVRD; now Metro Vancouver) formed the 

Greater Vancouver Transportation Authority (GVTA, called TransLink) with the province to help 

meet the goals in the Transport 2021 Plans and Livable Region Strategic Plan (Acuere 

Consulting et al., 2013). At TransLink’s initiation, the region had the highest per capita 

automobile ownership in Canada with disconnected roads between the 23 local governments 

(Wales, 2008). TransLink inherited the Expo Line SkyTrain, bus network, major road network, 

and some bridges from its predecessors with a priority mandate to shift community members 

from driving to walking, bicycling, and public transit (Wales, 2008). At the time, the board was 

appointed by the GVRD and made up of elected officials from the municipalities and members 

of the GVRD board (Acuere Consulting et al., 2013). Given the governmental nature and 

composition with elected officials, it is important to note that decision making on major projects, 

like SkyTrain, is highly political. For example, a previous Urban Studies thesis discussed at 
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length that the political party in power in British Columbia influences transportation decisions in 

Metro Vancouver, especially before the formation of TransLink (Farmer, 2018). 

Early on, TransLink adjusted into its role as the regional transit authority with successes 

and failures. In 2001, the bus company went on strike for nearly 5 months and leadership in the 

organization struggled with a change in CEO and recommendations to change the board 

structure (Wales, 2008). In 2002, the Millennium Line SkyTrain line opened, which was 

controversial (Wales, 2008). The province selected the routing for political reasons before the 

creation of TransLink (easier to construct and served the sitting government’s voters) rather 

than to meet the goals of the plan (Farmer, 2018). That year, the 2010 Winter Olympics were 

announced leading to a new 10-year, $4-billion regional plan in 2003 (Wales, 2008). A public-

private partnership to construct and operate the Canada Line SkyTrain in time for the Olympics 

was approved in 2004 (Wales, 2008). Additionally, the U-Pass program launched for large 

businesses and post-secondary institutions (Wales, 2008). It provided unlimited public transit 

trips with a fee built into tuition or pay cheques as part of the Transit Demand Management 

strategies to create new transit users and decrease personal motor vehicle use (Farmer, 2018). 

In 2007, the province and TransLink redeveloped the governance structure for TransLink 

under new legislation. Instead of having elected officials on the board, it changed to non-political 

members (Acuere Consulting et al., 2013). For an additional level of oversight and to ensure 

each of the 23 local governments in the region are involved in decision-making, the legislation 

created the Mayors’ Council for Regional Transportation (Acuere Consulting et al., 2013). All 23 

local governments have a seat for their Mayor, Chief, or Director on the Mayors’ Council 

(Acuere Consulting et al., 2013). The planning process also changed to require a 30-year 

regional vision, 10-year strategic plan, and 3-year investment plan (Acuere Consulting et al., 

2013). Finally, the official name of TransLink changed from the GVTA to South Coast British 

Columbia Transportation Authority to allow for a potential expansion of the mandate into 

neighbouring regions (Wales, 2008).  

TransLink was formed to implement the Transportation 2021 Plans with better 

governance, but this did not play out as planned. Reviews showed neither the plan was fully 

implemented by 2011 nor the governance structure was well-functioning by 2013 (Acuere 

Consulting et al., 2013; Farmer, 2018). The review of the Transportation 2021 Plans found it 

was not fully implemented due to political pressure from senior governments, change of 

governance (TransLink), failure to follow the review and updating processes, municipal land use 
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not developing as expected, lack of transit priority, and additional highway infrastructure built in 

the suburbs (Farmer, 2018). TransLink did do well providing additional supply of transit and 

helped to meet regional goals related to transit service (Farmer, 2018). TransLink can 

implement plans, unlike the GVRD; however, it lacks the funding sources to do this 

independently for major projects (Farmer, 2018). Thus, senior levels of government still control 

transportation in the region. The governance review suggested far greater accountability to the 

people served was required at the regional level (Acuere Consulting et al., 2013). 

In 2014, the Mayor’s Council needed to seek out additional funding to implement the 

ambitious 10-Year Vision for Regional Transportation (Mayors’ Council on Regional 

Transportation, 2014). This plan was developed according to the 2007 legislation changes 

requiring 10-year strategic plans. One potential option was to increase the sales tax in Metro 

Vancouver by 0.5% and use those funds for transportation directly (Willmott, 2017). The 

province required the region to hold a plebiscite vote for the citizens to indicate whether they 

would be willing to fund transportation in this way (Willmott, 2017). The funding increase was 

not approved with a 62% “no” vote (Judd, 2015; Willmott, 2017). This result was attributed to 

misunderstandings by the general population, a compressed timeline, late-game messaging for 

a yes vote, and strong messaging by an anti-tax group (Willmott, 2017).  

In the time since the transit plebiscite was rejected, the Mayor’s Council pressed on to 

secure funding for the 10-Year Vision. The plan was revised, funded, and approved in 2016 as 

the Phase One Investment Plan (TransLink, 2017a, 2017c). Phase Two was approved with 

additional funding from senior levels of government in 2018 (TransLink, 2018d). These plans 

include the largest investment in transit since the Canada Line opened in 2009, promising to 

alleviate overcrowding on buses and reduce road congestion along with improvements to  all 

other modes (TransLink, 2017a).  

Other recent changes include new fare payment systems and a SkyTrain extension. The 

fare payment method shifted to be more integrated between modes by introducing the Compass 

Card in July 2016 and Tap-to-Pay in May 2018 (Little, 2018; Talmazan, 2016). The Compass 

Card is a preloaded, tap-able card, which is usable on all modes, reduces fare evasion with fare 

gates, and provides more accurate ridership data. The new Millennium Line Evergreen 

Extension also opened in December 2016, along with rerouting buses to integrate with the new 

SkyTrain stations (Slatterly, 2016).   
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Introduction of SkyTrain 

The details for SkyTrain are extracted from the TransLink web page History of 
SkyTrain, except where noted otherwise (TransLink, 2016). 

SkyTrain currently operates on three, fully-automated rapid transit lines. The first 

SkyTrain line in Metro Vancouver opened in January 1986, just in time for the Expo 86 World’s 

Fair. The original line, aptly named the Expo Line, ran from downtown Vancouver at Waterfront 

Station to New Westminster Station, passing through the City of Burnaby in the middle. In 

1989–1990, this line extended to cross the Fraser River into the City of Surrey, adding an 

additional station on each side of the water. Finally, in 1994, the Expo line was complete with 

three more stations into Surrey, terminating at King George Station. The line totalled 20 stations 

and 29 km of guideway. All existing SkyTrain stations are shown in Figure 1.2 and detailed in 

Table 1.1.  

 

Figure 1.2: Current stations (n=53) and extent (2016) of SkyTrain in Metro Vancouver 
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After the turn of the twenty-first century, another aptly named line, the Millennium Line, 

began operations. The new line connected to the original at Columbia Station in New 

Westminster and Commercial–Broadway Station in Vancouver (Figure 1.2). There is an 

important physical difference in these connections. At Columbia, the tracks connect allowing 

extended operations of SkyTrain to alternate into Surrey and around the loop back into Burnaby. 

At Commercial–Broadway, there is a multi-level transfer between platforms that creates a 

bottleneck and capacity constraint at peak periods. The first two stations connected at Columbia 

opened in January 2002. The rest of the loop to Commercial–Broadway opened in August 2002, 

followed by an additional station, Lake City Way, in November 2003. The final stretch of the line 

opened in January 2006, extending west of Commercial–Broadway to terminate the line at 

VCC–Clark Station. The line added an additional 12 stations and 20 km to the SkyTrain system. 

The system continued to grow with the Canada Line, spurred by the 2010 Olympics, 

which connects the airport to downtown Vancouver. The Canada Line opened in 2009 and was 

funded through a public-private partnership. Because of the agreement, this line is operated by 

Protrans BC, a subsidiary of SNC Lavalin, and overseen by TransLink. The system is integrated 

with the rest of TransLink’s network with the same payments and bus connections. However, 

the technology used for the Canada Line is not interchangeable with the Expo and Millennium 

Lines. The Canada Line connects to the Expo Line through transfers at Waterfront and 

Granville/Vancouver City Centre stations. Additionally, the line branches at Bridgeport Station, 

connecting to both the airport and city centre of Richmond. This addition brought 15 more 

stations and 19 km of track to the system. 

The newest segment of SkyTrain, the Evergreen Extension, opened in December 2016. 

This investment extended the Millennium Line from Lougheed Town Centre Station into Port 

Moody and Coquitlam. The line also integrates with the West Coast Express through an in-

station transfer, Metro Vancouver’s commuter rail connecting downtown Vancouver east to Pitt 

Meadows, Maple Ridge, and Mission, at two of the stations: Moody Centre and Coquitlam 

Central. This extension brings the entire SkyTrain system to a total of 53 stations and 79 km of 

guideway.  
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Table 1.1: Summary of all existing SkyTrain stations by opening date, line, travel 
directions, and municipality location 

Station Open Date  Original 
Line* 

Additional 
Lines  

Travel 
Directions  

Municipality 

Waterfront 1986 (Jan) Expo Canada two Vancouver 

Burrard 1986 (Jan) Expo - two Vancouver 

Granville 1986 (Jan) Expo - two Vancouver 

Stadium–Chinatown  1986 (Jan) Expo - two Vancouver 

Main Street–Science 
World 

1986 (Jan) Expo - two Vancouver 

Commercial–Broadway  1986 (Jan) Expo Millennium four Vancouver 

Nanaimo 1986 (Jan) Expo - two Vancouver 

29th Avenue 1986 (Jan) Expo - two Vancouver 

Joyce–Collingwood  1986 (Jan) Expo - two Vancouver 

Patterson 1986 (Jan) Expo - two Burnaby 

Metrotown 1986 (Jan) Expo - two Burnaby 

Royal Oak 1986 (Jan) Expo - two Burnaby 

Edmonds 1986 (Jan) Expo - two Burnaby 

22nd Street 1986 (Jan) Expo - two New Westminster 

New Westminster 1986 (Jan) Expo - two New Westminster 

Columbia 1989 Expo Millennium three New Westminster 

Scott Road 1990 Expo - two Surrey 

Gateway 1994 Expo - two Surrey 

Surrey Central 1994 Expo - two Surrey 

King George 1994 Expo - one Surrey 

Sapperton 2002 (Jan) Millennium* - two New Westminster 

Braid 2002 (Jan) Millennium* - two New Westminster 

Lougheed Town Centre 2002 (Aug) Millennium* Evergreen three Burnaby 

Production Way–
University 

2002 (Aug) Millennium* - two Burnaby 

Sperling–Burnaby Lake 2002 (Aug) Millennium - two Burnaby 

Holdom 2002 (Aug) Millennium - two Burnaby 

Brentwood Town Centre 2002 (Aug) Millennium - two Burnaby 

Gilmore 2002 (Aug) Millennium - two Burnaby 

Rupert 2002 (Aug) Millennium - two Vancouver 

Renfrew 2002 (Aug) Millennium - two Vancouver 

Lake City Way 2003 (Nov) Millennium - two Burnaby 

VCC–Clark  2006 (Jan) Millennium - one Vancouver 

Vancouver City Centre 2009 (Aug) Canada - two Vancouver 

Yaletown–Roundhouse  2009 (Aug) Canada - two Vancouver 

Olympic Village 2009 (Aug) Canada - two Vancouver 

Broadway–City Hall  2009 (Aug) Canada - two Vancouver 

King Edward 2009 (Aug) Canada - two Vancouver 

Oakridge–41st Avenue 2009 (Aug) Canada - two Vancouver 

Langara–49th Avenue 2009 (Aug) Canada - two Vancouver 

Marine Drive 2009 (Aug) Canada - two Vancouver 

Bridgeport 2009 (Aug) Canada - three Richmond 

Templeton 2009 (Aug) Canada - two Richmond 

Sea Island Centre 2009 (Aug) Canada - two Richmond 
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Station Open Date  Original 
Line* 

Additional 
Lines  

Travel 
Directions  

Municipality 

YVR–Airport  2009 (Aug) Canada - one Richmond 

Aberdeen 2009 (Aug) Canada - two Richmond 

Lansdowne 2009 (Aug) Canada - two Richmond 

Richmond–Brighouse  2009 (Aug) Canada - one Richmond 

Burquitlam 2016 (Dec) Evergreen - two Coquitlam 

Moody Centre 2016 (Dec) Evergreen - two Port Moody 

Inlet Centre 2016 (Dec) Evergreen - two Port Moody 

Coquitlam Central 2016 (Dec) Evergreen - two Coquitlam 

Lincoln 2016 (Dec) Evergreen - two Coquitlam 

Lafarge Lake–Douglas  2016 (Dec) Evergreen - one Coquitlam 
*Note Sapperton and Braid are now Expo Line only, post Evergreen integration. Lougheed and Production also connect to Expo 
Line. These stations are reported as Millennium Line, because this was the original investment. 

The SkyTrain system is fully automated and runs along tunneled, at grade, and elevated 

guideways. Most of the fleet was designed by Bombardier in three models MK I (1986), MK II 

(2000), and MK III (2016). All three models can operate at all Expo and Millennium line stations 

and guideways. The Canada line, due to the public-private partnership, was built differently and 

uses a fleet designed by Hyundai Rotem. 

An additional extension is funded to continue the Millennium Line from VCC–Clark west 

to Arbutus Street along Broadway as part of Phase Two of the 10-Year vision (Mayors’ Council 

on Regional Transportation, 2014).  

SkyTrain Ridership & Performance Indicators 

In the 2017 Transit Service Performance Review, TransLink outlines a summary of all 

modes over the last 5 years (TransLink, 2018a). System-wide ridership increased by 5.7% to 

407 million annual boardings from 2016 to 2017 (TransLink, 2018a). A boarding is any time a 

person gets on any transit service, and a person could have multiple boardings on the same 

journey, for example one on a bus followed by one on SkyTrain (TransLink, 2018a).This is the 

largest growth for any public transportation system in Canada and the US in large cities 

(population > 1 million) (American Public Transportation Association (APTA), 2017; TransLink, 

2018c). In fact, in a time where most transit systems are losing riders,  Metro Vancouver is one 

of four urban areas with growing transit ridership (American Public Transportation Association 

(APTA), 2017; TransLink, 2018c).  

The Ridership for the Expo and Millennium Lines, counted together since they run on the 

same loop, grew by 12% to 106 million annual boardings from 2016 to 2017 (TransLink, 2018b). 
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This large growth in ridership may be partly due to the opening of the Evergreen Extension in 

December 2018 (TransLink, 2018a). Canada Line boardings grew by 6.3% to 46 million annual 

boardings from 2016 to 2017 (TransLink, 2018b). Meanwhile conventional bus ridership grew by 

3.2% to 278 million boardings from 2016 to 2017, and West Coast Express ridership fell by 

5.5% (likely due to the Evergreen Extension opening) (TransLink, 2018a).  

Given this large ridership growth, development trends focusing on transit-oriented 

development, and additional population moving into the region, now is a crucial time to consider 

how transportation investments affect where people live. The following sections review literature 

in the area, methods to assess neighbourhood change in Metro Vancouver, results of the 

analysis, discussion, and conclusions. 
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Chapter 2. Literature Review 

2.1. Gentrification and Displacement  

2.1.1. Gentrification and Displacement Debate and Definitions 

Many urban studies academics and practitioners have commented on the trends of 

gentrification and displacement (Cameron, 2017; Freeman, 2005; Lees, Slater, & Wyly, 2008; 

Walks & Maaranen, 2008b; Zuk, Bierbaum, Chapple, Gorska, & Loukaitou-Sideris, 2017; Zukin, 

2016). Like any topic in urban studies, their theoretical perspectives vary. In practice, 

gentrification is referred to in several contrasting ways, including as the root of equity problems, 

a pathway to displacement, or solely a development trend independent of displacement and 

equity problems. It is seen as both a positive upgrading of undesirable areas and a negative 

displacer of all original uses and residents. These varying academic perspectives have more to 

do with the definition of the word “gentrification” than the trends occurring on the ground. 

A more classic definition of gentrification claims gentrification and displacement are 

always linked. The term gentrification was first coined by Ruth Glass in 1964 to explain changes 

in London where middle class took over degraded housing from the working class and 

remodelled them into fancier, more expensive housing (Glass, 1964; Lees et al., 2008). Under 

this definition, gentrification is a process where undervalued properties are upgraded by new 

middle class residents (Lees et al., 2008). In an assessment of major Canadian cities, Walks 

and Maaranen use a model that aligns with this definition. They suggest gentrification leads to 

decreased social mix with increased affluence in the neighbourhood (Walks & Maaranen, 

2008b). They also suggest there are many pathways to this gentrification that are not easy to 

generalize, but there are four stages that can be drawn for all pathways (Walks & Maaranen, 

2008b). These include 1) a disinvested neighbourhood attracts new pioneers followed by 2) 

more trendy individuals and new retail, which encourages 3) more affluent individuals to move in 

reaching a state of 4) a wealthy neighbourhood that is unaffordable to the original residents 

(Walks & Maaranen, 2008b).  

From the 1970s to early 2000s a series of arguments about the nuances of gentrification 

emerged amongst researchers (Lees et al., 2008). These arguments include the supply-side 

arguments as to how desirable but undervalued properties become gentrifiable and demand-

side arguments as to why there are more middle class gentrifiers (Lees et al., 2008). This is 
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related to the neoliberal shift away from industrial occupations toward more professional work. 

Over time, researchers also expanded the definitions to include not only upgrading of existing 

housing, but also rural areas (“rural gentrification”), replacement of old housing (“new-build 

gentrification”), higher income gentrification of already gentrified areas (“super-gentrification”), 

upgrading of business (“commercial gentrification”), and other variations (Lees et al., 2008). 

Newer literature suggests gentrification and displacement are related, but not linked in 

all circumstances. Sharon Zukin speaks about gentrification as an unanticipated and prominent 

trend, but suggests it is not the most important urban issue or sole cause of displacement 

(Zukin, 2016). She argues instead of gentrification, we must worry about other trends like 

continued suburbanization and the trends causing displacement such as the nature of new 

investment in the neighbourhood (Zukin, 2016). Planners often see gentrification as an 

architectural and neighbourhood design trend, whereby physical buildings and public space are 

positively upgraded (Cameron, 2017; Zuk et al., 2017). The upgrading during the gentrification 

process triggers further investment in the area, which then is the cause of rising prices and 

displacement, not the gentrification (Cameron, 2017; Zuk et al., 2017).  

Researchers debate whether gentrification is a positive or negative trend and it is both 

depending on the perspective (Lees et al., 2008). The divide is between the positive influence 

new investments can have on neighbourhoods and the negative fear this gentrification will 

always cause displacement for existing households (Freeman, 2005). Lance Freeman, another 

gentrification theorist, developed a set of criteria to determine and measure if and how much a 

neighbourhood is gentrifying. These include it must be a 1) central city, 2) low income, and 3) 

disinvested neighbourhood to be gentrifiable and further, it must 4) increase in new affluent 

residents and 5) increase in investment to become gentrified (Freeman, 2005). Freeman found 

there was only a weak relationship between gentrified neighbourhoods and outward movement 

of low income renters (displacement). He concludes it is possible for a neighbourhood to 

gentrify and receive the positive benefits of more amenities without large amounts of 

displacement, a negative consequence (Freeman, 2005) 

In a recent review of gentrification, displacement, and the role of public investment, the 

authors identify the debate on gentrification and current findings throughout the literature (Zuk et 

al., 2017). They suggest neighbourhood change is slow and can arise from several factors, but 

in general all include a cheap housing supply, potential middle and high income gentrifiers, and 

a desire to live near amenities such as the inner city (Zuk et al., 2017). Emerging literature is 
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examining neighbourhoods around public investments, like rapid transit, and suggesting a new 

type of gentrification catalysed by these investments (Zuk et al., 2017). As with other extensions 

of classic gentrification, Zuk et al. argue there is a series of new infrastructure investment-

induced gentrification, such as transit-induced gentrification (Zuk et al., 2017). They also 

suggest we do not have a good idea of what is happening on the ground with displacement due 

to data limitations (Zuk et al., 2017).  

Despite differing interpretations, all literature seems to agree gentrification refers to 

upgraded developments, while displacement refers to existing households moving out of areas 

by force of rising prices. Some determine these two trends are intrinsically connected as a 

causal relationship by which gentrification leads to displacement, while others determine 

gentrification can lead to displacement, but it is not imminent.  

My definition of gentrification is a development trend in neighbourhoods that occurs 

when some initial investment in lower income neighbourhoods, such as a SkyTrain, attracts 

moderate to high income households to move in and trigger further upgrades. This trend 

happens all over the world as the desirability of living in urban spaces increases. Because of the 

upgrading and renewal in these gentrifying areas, the property values rise and cause some of 

the original, lower income households to be displaced. Thus, it is displacement we are 

concerned about around SkyTrain stations, not gentrification. However, I do see the two trends 

as inextricably linked.  

Additionally, lower income households may be especially sensitive to displacement from 

gentrification. In addition to getting priced-out of gentrifying areas, households may also be 

evicted from older buildings due to be redeveloped (coined “renoviction”) (City of Vancouver, 

2017). Older buildings are often replaced with high density, mixed use buildings, which lower 

income households often cannot afford. This trend stands out in the context of transit-oriented 

developments, which aim to create dense, mixed use neighbourhoods as nodes along transit 

where people can live, work, and play—if the people can afford it.  

2.1.2. Transit-Induced Gentrification 

As pointed out in Zuk et al.’s review, researchers are starting to consider public 

investments as catalysts for gentrification in addition to changes in inner city neighbourhoods 

(Zuk et al., 2017). Dawkins and Moeckel coined the term “transit-induced gentrification” to 
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describe areas around rapid transit that increase accessibility and desirability of the area, 

thereby increasing property values and development (Dawkins & Moeckel, 2016). 

Several researchers have assessed how housing prices change near rapid transit and 

who chooses to live in these neighbourhoods. Cao suggests both transit users and non-transit 

users choose to live near rapid transit due to improved job accessibility and neighbourhood 

design (Cao, 2015). In the case of the Hiawatha LRT in Minneapolis-Saint Paul, Minnesota, this 

meant people were motivated to move near the line for similar reasons as others who moved to 

urban centres not near a transit line (Cao, 2015). Similarly, Luckey et al. suggest a residential 

preference for transit-rich neighbourhoods is common among most economic groups who prefer 

urban settings, but more high income households move in due to high housing prices (Luckey, 

Marshall, Durso, & Atkinson-Palombo, 2018). Renne et al. confirm transit-oriented 

neighbourhoods (new, mixed-use development near rapid transit) are more expensive than 

transit-adjacent neighbourhoods (older built forms, not mixed use, but near rapid transit), but 

suggest this cost is outweighed by the savings of taking transit instead of driving (Renne, 

Tolford, Hamidi, & Ewing, 2016). On the other hand, Dong suggests transit being more 

affordable than driving is paradoxical when the housing prices increase beyond what is 

affordable for lower income households (Dong, 2017). Chava suggests more affluent 

households compared to lower income households move near transit, and this is due to the 

expense of newly built housing (Chava, Newman, & Tiwari, 2018). Once in place, many of the 

residents walk in the neighbourhood rather than use the transit (Chava et al., 2018). Though 

their conclusions differ, all seem to agree housing prices rise after new rapid transit is built and 

higher income households are more likely to move in. These trends are consistent with 

definitions of gentrification, thus this paper addresses transit-oriented gentrification and possible 

displacement due to rising housing prices. 

2.2. Longitudinal Benefits of Rapid Transit (pre/post) 

As part of a larger systematic review, eight databases were searched for published peer-

reviewed natural experiment studies assessing the longitudinal impacts of new rapid transit 

(DeVries et al., 2018). The articles identified suggested rapid transit can lead to many benefits 

to transit users, as well as the population at large in the area (DeVries et al., 2018).  

Important regional benefits for all citizens include potential reductions in traffic 

congestion, road traffic injuries, carbon emissions, and air pollution. Bocarejo et al. found a 39% 
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overall reduction in serious collisions after the TransMilenio Bus Rapid Transit (BRT) began 

operations in Bogota, Columbia (J. Bocarejo, Velasquez, Díaz, & Tafur, 2012). Saxe et al. found 

that the Shepherd Subway Line in Toronto, Canada balanced carbon emissions associated with 

construction and operations within nine years due to new riders diverting from driving (Saxe, 

Miller, & Guthrie, 2017). Studies in both Taipei, Taiwan and Delhi, India showed reductions in 

NO2 and CO of 31–73% and 34–89% respectively after the installation of Metro rail (Ding, 

Wang, Chen, & Wan, 2016; Goel & Gupta, 2015). These regional benefits are available to all 

households in the metropolitan regions, not just the transit riders. 

For those living near rapid transit, but not necessarily frequent transit users, the benefits 

additionally include increased property values, higher density, and more mixed land use. Hurst 

et al. found single-family and vacant property within a half mile of the Hiawatha Light Rail 

Transit (LRT) in Minneapolis, Minnesota was more likely to change to multi-family and 

commercial land uses and decreased vacant and industrial uses (Hurst & West, 2014). 

Rodriguez et al. found an overall 2.34 square meter per hectare change in land use zoning 

around BRT intervention area in Bogota, Columbia, mostly from increasing commercial and 

decreasing residential uses (Rodriguez, Vergel-Tovar, & Camargo, 2016). Both Bogota, 

Columbia and Singapore have showed increased density around their rapid transit (J. P. 

Bocarejo, Portilla, & Pérez, 2013; Zhu & Diao, 2016). Many studies have estimated a positive 

price premium for residential and commercial properties near rapid transit (Stokenberga, 2014). 

However, this increase in property value is only a benefit for property owners and is more likely 

a cost for lower income households. The increased density, mixed land use, walkability, and 

property values are likely all do to a common trend in land use, Transit Oriented Development 

(TOD). While very positive for promoting healthy and sustainable cities, TOD generally 

contributes to displacing lower income households due to rising desirability of the 

neighbourhoods and rising property values (C. E. Jones & Ley, 2016a).  

For those who are regular rapid transit commuters, there is also the added benefit of 

healthier behaviours. Rapid transit use been associated with increased walking (Voss et al., 

2016). Higher levels of physical activity are reported for people who live near stations and shift 

from motor vehicle use to public transit (Hirsch, DeVries, Brauer, Frank, & Winters, 2018). This 

increase in physical activity contributes to a reduction in the odds of developing a chronic 

disease such as obesity (Brown, Werner, Tribby, Miller, & Smith, 2015; MacDonald, Stokes, 

Cohen, Kofner, & Ridgeway, 2010). MacDonald et al. showed transit users in households within 

a 1-mile radius of the new line have lower odds (OR=0.19, CI=0.04–0.92) of becoming obese 
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compared to before the rapid transit intervention (MacDonald et al., 2010). Brown et al. showed 

transit users lost weight after the new LRT line in Salt Lake City (Brown et al., 2015). These 

direct health benefits are only available to those who use transit, unlike decreases in air 

pollution and road traffic injuries, which benefit the entire region.  

Benefits of rapid transit are important to help understand why living in proximity of transit 

has become desirable. Previously, community members may have had a NIMBY ("Not In My 

Back Yard”) approach to rapid transit investments, wherein existing households were afraid 

crime, noise, and neighbourhood decline would come with a new train (Ridgeway & John 

MacDonald, 2016). This situation has now flipped in many transit-served cities. The desirability 

of neighbourhoods near transit is drawing new investment and more affluent households, which 

in turn can price out lower income households (Luckey et al., 2018). 

2.3. Existing Equity Research on Rapid Transit  

At the time of the larger literature review of pre- and post-test studies (DeVries et al., 

2018), only five had previously evaluated social or spatial equity considerations related to rapid 

transit (Bardaka et al., 2015; J. P. Bocarejo et al., 2016; Delmelle & Casas, 2012; Fan et al., 

2012; Foth et al., 2013). Two study BRTs in Cali and Bogota, Columbia as their natural 

experiment (J. P. Bocarejo et al., 2016; Delmelle & Casas, 2012), while the other three study rail 

systems in the North American cities of Denver, Minneapolis, and Toronto (Bardaka et al., 2015; 

Fan et al., 2012; Foth et al., 2013). Four noted spatial accessibility to transit and destinations 

like jobs increased over time for lower income households, suggesting new transit improves 

equity in accessibility (J. P. Bocarejo et al., 2016; Delmelle & Casas, 2012; Fan et al., 2012; 

Foth et al., 2013). Two found the composition of areas near stations shifts over time to more 

affluent households (Bardaka et al., 2015; Foth et al., 2013). The findings are consistent 

between developing and developed countries that new rapid transit can increase spatial equity 

through increased accessibility to transit and destinations for transit users. However, new rapid 

transit can also result in decreased social equity by displacing lower income households from 

living near stations.  

In a subsequent analysis since the literature review, Bardaka et al. found there was 

transit-induced gentrification within a mile of Denver’s rail stations, as indicated by increased 

median household income and housing value (Bardaka et al., 2018). 
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Few studies have assessed the equity impacts of rapid transit. The existing pre- and 

post-test studies have only assessed equitable access to jobs and changes in per capita 

income, but little on long-term trends. Given this gap, the current research is one of the first pre- 

and post-test studies that evaluates the long-term demographic shift.  

2.4. Conceptual Framework 

My conceptual framework is outlined in Figure 2.1. Based on the literature, I propose 

new rapid transit stations trigger a rise in property values hand in hand with increased 

development due to the desirability of transit accessibility and walkable, mixed-use 

neighbourhoods. This change in property values and development causes a shift in population 

structure in the neighbourhood that reinforces new development. The induced shifts include 

additional inward migration due to the new desirability of the area and additional outward 

migration due to people who do not want to live near transit (NIMBY), price-outs, and evictions. 

These population shifts are additional layers on top of typical inward and outward migration that 

would occur regardless of SkyTrain due to changes in individual circumstances. Meanwhile, the 

price-outs and evictions induced by rising property values represent non-voluntary displacement 

from the neighbourhood. I hypothesize the net population shift will result in a decrease in the 

relative share of lower income households who live in the neighbourhoods surrounding rapid 

transit stations. Alternatively, there could be a mechanism that increases the affluence of lower 

income households living in these areas (noted in the framework). For example, this could be 

that the rapid transit offered greater accessibility to jobs, so lower income households were able 

to pursue better employment. 
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Figure 2.1: Conceptual framework for the connections between rapid transit investment 
and change in neighbourhood share of households by income category, as 
driven by the trends of transit-induced gentrification and displacement 
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Chapter 3. Methods 

3.1. Study Type & Scope of Analysis 

In this natural experiment study, I assess the changes in the relative share of 

households by income category around SkyTrain stations over time. Natural experiment studies 

capitalize on events that occur without influence of the researcher and are especially suitable 

when  randomization is not possible for ethical or political reasons (Craig et al., 2011). Investing 

in a new SkyTrain can be considered a natural experiment because there are areas exposed to 

the intervention (new SkyTrain) and areas unexposed (Craig et al., 2011). This design looks at 

outcomes before and after the intervention and compares them to a non-intervention area. In 

this case, the implementation of new SkyTrain lines is the natural experiment under study, and I 

use census data from before and after the intervention. The analysis consists of time series data 

because the SkyTrain was continuously built out over time. The analysis consists of both spatial 

and statistical approaches to address the research question: Does the household income 

composition change in areas nearby new SkyTrain stations? The period of analysis is from 

before SkyTrain in 1981 to the most recent census in 2016, using census data every 5 years 

over the period. 

3.2. Study Area  

This study assesses all census tracts (CTs) in the Metro Vancouver census metropolitan 

area, which includes the 23 local governments. Much of the land area in Metro Vancouver is 

designated to agricultural (south of the Fraser River) and nature (North Shore and Coquitlam 

mountains) reserves, where very few people live. Metro Vancouver defines an urban 

containment boundary where all development is supposed to be located and most of the 

population lives. The CTs are clipped to the area within the urban containment boundary for 

analysis, since we can assume most of the population is in this boundary (Figure 3.1).  
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Figure 3.1: Study locations where the urban containment boundaries (green) overlap the 
2001 census tracts in the Metro Vancouver region 

Statistics Canada changes census boundaries over time, splitting and aggregating them 

to account for changing population sizes. Figure 3.2 shows the drastic difference from the 1981 

CTs (black, n=244) to the 2016 CTs (green, n=478), with the number of CTs nearly doubling. 

Because of these changes, I have harmonized the data across years to the census boundaries 

for 2001. This is the half-way point between 1981 and 2016, both in time and number of CTs 

(n=387). The data is harmonized using area-weighted interpolation for each census year 

(Gotway & Young, 2002). This allows all years to have the same boundaries and be comparable 

over time. 
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Figure 3.2: Comparison between 1981 and 2016 census tracts, illustrating the change in 
boundaries over the study period 

There are 387 census tracts total in 2001, which reduces to 383 CTs after clipping to the 

urban containment boundary. The new areas for the clipped census tracts range 3–100% of the 

original area, with most of the CTs containing 95% or more of the original area (n=254, 67%) 

and only 9% containing less than 50% of the original area (n=36). The new, clipped areas are 

assumed to contain all the population reported in the census, since the excluded areas are 

primarily agricultural and nature reserve. 

3.2.1. Spatial visualization 

To get a sense of where the infrastructure is being routed over time and where the lower 

income populations are living, I use spatial techniques. I harmonize the data to the 2001 census 

tracts using weighted areal interpolation, so they are comparable over time (Gotway & Young, 

2002). Then I categorize maps to visualize the spatial distribution of lower income populations. 

Data is extracted for statistical analysis, as below. Some census tracts (n=10) do not provide 
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valid household data and are eliminated from the data set, including Lions Bay, Stanley Park, 

UBC, Burnaby Lake, Union Street in Coquitlam, Sea Island, Richmond southeast river front, 

Annacis Island, Gloucester Estates, and Langley airport/Trinity Western University (TWU). 

These areas are mostly industrial, have very small populations (Burnaby Lake, Stanley Park), 

are far from the study area (Lions Bay) or have a unique population from the rest of the study 

area (UBC, TWU). This leaves 378 CTs in each census year for analysis. Spatial analysis is 

conducted using ArcGIS 10.1 and 10.5 software (ESRI, 2017). 

3.3. Procedures 

3.3.1. Study Groups 

The statistical analysis includes a comparison group by stratifying the CTs into exposed 

and unexposed areas. Exposed households are measured as the census tracts within 1.6 km 

(20-minute walk) of a SkyTrain station from the centroid. The unexposed census tracts are the 

remaining CTs in the region outside of the 1.6 km walking distance. This distance is chosen 

because it is the typical measure in literature and practice of 800 m for a 10-minute walk or 

1600 m for a 20-minute walk (O’Sullivan & Morrall, 1996). Though an 800 m buffer from the 

centroid would provide a better analysis for walking distance of the entire CT, the larger 

distance was chosen to have a large enough sample size for the statistical analysis. TransLink 

also uses 400 m and 800 m buffers for walking maps around SkyTrain stations. CTs are 

measured as exposed or unexposed in each five-year period, since more SkyTrain was built out 

over time. 

3.3.2. Data Collection 

All data is extracted from existing sources and does not include first-hand data 

collection. All variables by metric, variable type, data type, reason for inclusion, data availability, 

and data source are outlined in section 3.4.2. The variables reflect the conceptual framework 

(Figure 2.1) and include categories of income (outcome variables), distance to the nearest 

SkyTrain station (exposure variable), and control variables like distance to downtown and 

population density to help isolate the effect of the intervention (new SkyTrain).  
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3.3.3. Sociodemographic Data 

All sociodemographic data, including measures for housing type and public transit use, 

are derived from the Canadian Census. Census data is pulled from the University of Toronto’s 

Census Analyser (CHASS Data Centre) at the CT level (University of Toronto, 2014). Other 

variables include total population and household income categories. 

3.3.4. Census Geographies 

Census boundaries are needed for all study years to harmonize the data to the correct 

CT. Statistics Canada has 2001–2016 boundaries online but lacks the older areas (Statistics 

Canada, 2017a). The remaining boundaries were accessed through the University of Toronto 

library spatial database (University of Toronto, 2004).  

3.3.5. Public Transit Data 

Public transit data was derived from the 2016 spatial data sets for routes and stops from 

TransLink through the Abacus database (TransLink, 2017b). 

3.4. Measures 

3.4.1. Outcome Variable: Relative Distribution of Household Incomes 

In Metro Vancouver’s 2016 Regional Affordable Housing Strategy (RAHS), the region 

defines household income categories to differentiate housing needs (Metro Vancouver, 2016). 

The plan also specifies affordable housing should be located within 400 metres of the frequent 

transit network (all services running at least every 15 minutes all day, every day until at least 9 

p.m.) or 800 metres of rapid transit (SkyTrain) (Metro Vancouver, 2016). Given the connection 

to transit and appropriate regional context, the RAHS’ income categories are suitable to assess 

lower income populations in proximity to transit in Metro Vancouver. Housing affordability is also 

linked to displacement, as rising property values around new rapid transit have previously been 

highlighted as an issue (Bardaka et al., 2015; J. P. Bocarejo et al., 2013).  

The RAHS defines five categories of income, as shown in Table 3.1. These categories 

are defined using household income, which is an appropriate measure because it accounts for 

the total number of people contributing to the income in the household, rather than how much 
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individuals earn. Individual income does not consider when households have multiple income 

earners and neither household nor individual income account for dependants. Household 

income is commonly used in Canadian equity literature, because it gives a better indication of 

the total amount each household can contribute toward housing than individual income (Foth et 

al., 2013). For example, a household with two incomes totaling $65,000 and two children will 

have more difficulty with appropriate affordable housing than an individual who makes $65,000 

and lives alone. It is the metric the RAHS considers, since the household unit, regardless of 

size, is the group that must be able to afford the housing. In this study, household income is not 

adjusted for household size, which limits interpretations of who is lower income.  

Table 3.1: Metro Vancouver annual household income (before tax) categories by census 
year, as available census cut-points ($, thousands) (Bank of Canada, 2010; 
Metro Vancouver, 2016) 

Census Year Very Low Low Moderate Above Moderate High 

2016 0–30 30–50 50–70 70–100 100+ 

2011 (NHS) 0–30 30–50 50–60 60–100 100+ 

2006 0–30 30–40 40–60 60–90 90+ 

2001 0–20 20–40 40–60 60–80 80+ 

1996 0–20 20–40 40–50 50–70 70+ 

1991 0–20 20–30 30–50 50–70 70+ 

1986 0–15 15–25 25–40 40–50 50+ 

1981 0–10 10–20 20–30 30–40 40+ 

 

The primary outcome of interest in this study is the change in the relative share of very 

low income households relative to the region. Additionally, I present the bottom three categories 

(very low, low, and moderate) combined as “lower income”, since most of the RAHS focuses on 

these categories as households that may be affected by housing unaffordability (Metro 

Vancouver, 2016). For the purposes of this study, this can be considered the population that 

may get displaced by rising property values and unaffordable housing (Metro Vancouver, 2016). 

The above moderate and high income categories demonstrate households that are typically 

able to afford housing at market values. So, the relative share of households with high incomes 

is also assessed as an outcome for the impact of SkyTrain on households to compare to the 

very low and lower income categories. 

The outcome variable is operationalized using a location quotient measuring the share of 

households in the category relative to the region (Emsi, 2011). This measure indicates whether 
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the census tract is more (LQ>1) or less (LQ<1) concentrated in the income category than the 

regional average (Emsi, 2011).  

𝐿𝑄 =
# ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑏𝑦 𝑖𝑛𝑐𝑜𝑚𝑒 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛 𝐶𝑇 𝑡𝑜𝑡𝑎𝑙 # ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝐶𝑇⁄

# ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑏𝑦 𝑖𝑛𝑐𝑜𝑚𝑒 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 𝑡𝑜𝑡𝑎𝑙 # ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛⁄
 

To account for inflation, I recalculated the income cut-offs in previous census years 

using the Bank of Canada Inflation Calculator and available income cut-offs in the census for 

that year (Bank of Canada, 2010). The income cut-offs for each category in each census year 

are defined in Table 3.1. All outcome variables are defined in Table 3.2. 

It is important to note lower income categories can only be an estimate of vulnerable 

populations, since this vulnerability is heterogeneous and diverse, and people may be 

marginalized in ways other than financial. However, it is a good measure to capture many 

vulnerable populations, since many are low income due to societal disadvantage.  

3.4.2. Exposure and Independent Variables 

The primary exposure of interest is access to SkyTrain, as measured by the distance to 

the nearest station from the CT centroid. Exposed and unexposed groups are defined as the 

CTs that fall within 1.6 km and outside 1.6 km of a SkyTrain station at the given time point, 

respectively. All study variables, measurements, data types, and sources are outlined in Table 

3.2. 

Since this is a natural experiment study of an intervention (SkyTrain) using longitudinal 

data on the character of the neighbourhoods, it is important to control for other factors that may 

contribute to neighbourhood change and where the trains are implemented. This is important 

because natural experiment studies lack the randomization between groups that is included in 

true experiment studies. In this case, the variables of interest are population density, housing 

type, public transit use, average rent, and distance to downtown. Each speaks to the desirability 

of the area in planning terms to route the train through it.  
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Table 3.2: Summary of variables by metric, variable type, data type, reason for inclusion, data availability, and data source 

Variable Metric Variable 
Type 

Data Type Reason for Inclusion Data 
Available 

Source 

Very Low 
Income 

Location quotient (share) of households in very 
low income category (<$30,000 in 2016) relative 
to the regional average 

Outcome Continuous To represent a segment of the 
population by income; one of the 
lower income categories 

1981-2016 Census/ 
NHS 

Low Income  Location quotient (share) of households in low 
income category ($30–50,000 in 2016) relative 
to the regional average 

Outcome Continuous To represent a segment of the 
population by income; one of the 
lower income categories 

1981-2016 Census/ 
NHS 

Moderate 
Income  

Location quotient (share) of households in 
moderate income category ($50–70,000 in 
2016) relative to the regional average 

Outcome Continuous To represent a segment of the 
population by income; one of the 
lower income categories 

1981-2016 Census/ 
NHS 

Above 
Moderate 
Income 

Location quotient (share) of households in 
above moderate income category ($70–100,000 
in 2016) relative to the regional average 

Outcome Continuous To represent a segment of the 
population by income 

1981-2016 Census/ 
NHS 

High Income Location quotient (share) of households in high 
income category (>$100,000 in 2016) relative to 
the regional average 

Outcome Continuous To represent a segment of the 
population by income 

1981-2016 Census/ 
NHS 

Lower 
Income 

Location quotient (share) of households in very 
low, low, and moderate income categories 
(<$70,000 in 2016) relative to the regional 
average 

Outcome Continuous To represent all the lower income 
populations of concern 

1981-2016 Census/ 
NHS 

SkyTrain 
exposure 

Exposed yes (within 1.6 km of SkyTrain station 
from CT centroid)/no (outside 1.6 km) 

Exposure Binary To represent the exposed and 
unexposed groups to the 
intervention 

1981-2016 TransLink 

Average Rent Average monthly rent ($, hundreds) for rental 
households (excludes owner households) 

Confounder Continuous May determine where households 
are located independently of the 
train; an indicator for affordability 

1981-2016 Census 

Housing Type % medium to high density housing (high rise & 
low rise apartments, row houses)  

Confounder Continuous Density may influence train 
routing; changes may indicate 
development 

1981-2016 Census 

Population 
Density 

# of people/km^2; Scaled to thousands of 
people/km^2 

Confounder Continuous Transport infrastructure is built 
where there are already or 
potential for dense nodes 

1981-2016 Census 

Distance to 
Downtown 

Distance (km) from CT centroid to downtown 
(Waterfront Station) 

Confounder  Continuous A measure to control for 
suburban/ fewer desirable areas  

1981-2016 TransLink
/Census 
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3.5. Statistical analysis 

All data cleaning and analysis is completed in R using the tidyverse and lme4 packages 

(Bates, Maechler, Bolker, & Walker, 2015; R Core Team, 2017; Wickham, 2017). Descriptive 

statistics are first compiled for each year and for each five-year change 1981–2016. Univariate 

analysis is conducted for each variable to understand the distribution of the data and any 

outliers. Since the outcomes are continuous, bivariate analyses employ linear regression 

methods to assess the relationship between the outcome and each independent variable. 

The multivariable statistical analysis consists of one model each for the very low income, 

lower income, and high income share of households per CT. The model structure is tested with 

a multiple linear regression model.  

3.5.1. Statistical Model 

The study question is: Does the household income composition change in areas nearby 

new SkyTrain stations? I hypothesize SkyTrain-adjacent neighbourhoods do change in income 

composition over time, toward fewer lower income households and more affluent households. 

This question is tested using a linear mixed-effects model (LMEM) to account for the 

repeated measures over time (Hirsch et al., 2016; Hirsch, Green, Peterson, Rodriguez, & 

Gordon-Larsen, 2017; Katz, 2011). This model is appropriate since the outcome variable is 

continuous, and the model is an extension of multiple linear regression to include both fixed 

effects and random effects. This means it can account for repeated measures in an individual as 

contributing to the population change over time (Zieffler, 2017). Another way of framing this is 

as a model with multiple levels for each layer of complexity (Magnusson, 2015). Figure 3.3 

illustrates the multilevel model employed in this study. In this case, the repeated measures are 

each census year (level 3), individuals measured are the CTs (level 2), each of these individuals 

belongs to a group, the municipalities (level 1), and these groups belong to the whole. LMEMs 

measure the variance of the individuals and groups over time as compared to the effect on the 

population overall. It can also account for covariates that change during the study, unlike the 

repeated ANOVA family of statistical methods. 
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Figure 3.3: Diagram explaining the levels in the LMEM employed in this study, including 
the municipalities, census tracts, and repeated measures (adapted from 
(Magnusson, 2015)) 

LMEMs can also account for both a random intercept and a random slope. Random 

intercepts account for the different starting point of each of the individuals (i.e. in this study, 

individual CTs, at baseline (1981)) and random slopes account for the different responses each 

individual (CTs in this study) has to the exposure over time (Winter, n.d.; Zieffler, 2017). My 

model includes both a random slope for the effects over time and random intercept for the 

individual CTs nested in the municipalities. It is important to nest the CTs in their respective 

municipalities because each municipality has unique land use planning and policies regarding 

housing and transportation. This modelling approach helps account for some of the political 

differences brought on by location in the region. The outcome is the location quotient of the 

population in each income category in each year. The exposure is whether there is a SkyTrain 

station within 1.6 km (exposed) or not (unexposed), based on the distance from the CT centroid 

to the nearest station.  

The other independent variables adjusted for in the model are selected based on theory 

and bivariate analyses. The variables influencing the placement of the train and neighbourhood 

change are average rent, housing type, population density, and distance to downtown. Through 

the bivariate analyses, I determined housing type and average rent vary over time, while 

population density remains stable and distance to downtown does not change. I added an 

interaction term with time for variables that change over time. Public transit mode share is 
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included in the descriptive statistics but removed from the final model because it was not 

available in all years. The model equation and specifications are outlined in Table 3.3. To 

ensure this is the best model for the data, I test the fit of the model and model assumptions. 

Nested versions of the model are compared using the AIC values by running the model without 

restricted maximum likelihood (REML) (Oehlert, 2012). 

Table 3.3: Model Specification with Explanation of Terms 

Model Specification: 
𝑌𝑖𝑔𝑡 = 𝛽0 + 𝛽1𝑇𝑖𝑡 + 𝛽2𝑋1 + 𝛽3𝑋2 + 𝛽4𝑋3 + 𝛽5𝑋4 + 𝛽6𝑋5 + 𝛽7𝑋1𝑇𝑖𝑡 + 𝛽8𝑋2𝑇𝑖𝑡 + 𝛽9𝑋3𝑇𝑖𝑡

+ (𝑏0𝑖 + 𝑏1𝑖𝑇𝑖𝑡) + (𝑏0𝑚 + 𝑏1𝑚𝑇𝑚𝑡) +∈𝑖𝑚𝑡 

Term Explanation Variables 

𝑌𝑖𝑚𝑡 A specific outcome at time t in municipality m for 
individual (CT) i 

Share very low income relative to the 
region (LQ) 
Share lower income relative to the 
region (LQ) 
Share high income relative to the 
region (LQ) 

𝛽0 Intercept (fixed) for linear model at time 0 (1981)  

𝛽1 to 𝛽6 Coefficients (slopes, fixed) for the mean of each 
variable, as specified below 

 

𝛽7 to 𝛽9 Coefficients (slopes, fixed) for the change in each 
variable over time, as specified below 

 

𝑇𝑖𝑡 Time trend for time t elapsed since 1981 Census year (coded 0–7) 

𝑋1 Exposure variable for exposure to SkyTrain, time-
varying 

Within 1.6 km of SkyTrain (yes/no) 

𝑋2 to 𝑋3 Covariates, time-varying Average monthly rent (hundreds, $) 
High density housing (%) 

𝑋4 to 𝑋5 Covariates, not time-varying Population density* (1000 ppl/km^2) 
Distance to downtown (km) 

𝑏0𝑖 Intercept (random) for linear model for individual 
(CT) i at time 0 

 

𝑏1𝑖 Coefficient (slope, random) for individual (CT) i for 
the time trend  

 

𝑏0𝑚 Intercept (random) for linear model for municipality 
m at time 0 

 

𝑏1𝑚 Coefficient (slope, random) for municipality m for 
the time trend 

 

∈𝑖𝑚𝑡 Random error for individual (CT) i in municipality m 
at time t 

 

*Population density did not have a strong relationship over time in the bivariate tests (not statistically significant) 
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3.6. Ethics Approval 

This study does not require ethics approval since it relies on secondary data from the 

Canadian Census and TransLink. There are no interactions with any study participants. An 

exemption letter is included in Appendix A. 
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Chapter 4. Results 

4.1. Descriptive Statistics 

Descriptive statistics are presented for each year in Table 4.1 and for each five-year 

change in Table 4.2. Over time, more SkyTrain stations were built and operationalized, so the 

number of exposed CTs also grew from none in 1981 to 127 in 2016, as measured in each five-

year period. This is over one third of the total CTs in the study area. The population density in 

each census tract (CT) ranged from 5,700 to 7,400 people per square kilometer in the exposed 

CTs and from 2,400 to 5,300 people per square kilometer in the unexposed CTs. There was 

variation over time in the population density, but not a clear densification trend. So, population 

density was not included as a time-varying variable. 

The proportion of households in the very low, low, and moderate income categories 

steadily declined over time in both the exposed and unexposed CTs. The high income category 

increased in both exposed and unexposed CTs. When combined, the lower income categories 

declined from 77.6% to only 55.0% of households in the exposed CTs, while the unexposed 

CTs decreased from 60.8% to 42.3%. This is a greater decrease among the exposed CTs (-

22.6%) than the unexposed CTs (-18.5%) of -4.1% and suggests the exposed CTs are 

experiencing a greater decline in lower income populations than the unexposed CTs. 

Conversely, the percent of households in the above moderate and high income categories 

increased more in the exposed CTs than the unexposed CTs. For example, see the decline 

over time for the proportion of very low income and greater decrease in the exposed than 

unexposed areas in Figure 4.1.  

In general, exposed CTs have higher medium to high density housing, population 

density, and public transit mode share than unexposed CTs. Average monthly rents are slightly 

higher in the unexposed than exposed CTs, and both increase dramatically over time. The 

mean distance to downtown is higher for the unexposed CTs, since they tend to be in suburbs 

that are not served by SkyTrain. 



 

34 
 

 

Figure 4.1: Example graph demonstrating the proportion of very low income households 
declined over time in both exposed (teal) and unexposed (coral) areas, but 
the decline was greater in the exposed areas 
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Table 4.1: Descriptive statistics (mean (SD)) for all study variables by year from 1981–2016 (n=374 CTs) 

Group Exposed (<1.6 km) Unexposed (>1.6 km) 
Variable 1981 1986 1991 1996 2001 2006 2011 2016 1981 1986 1991 1996 2001 2006 2011 2016 

CTs (n) 0 62 65 72 72 90 117 127 374 312 309 302 302 284 257 247 

% very low 
income 

NA 
36.1 
(15.5) 

32.9 
(14.4) 

31.4 
(11.7) 

26.6 
(11.6) 

32.3 
(11.3) 

28.1 
(9.0) 

23.4 
(9.5) 

17.8 
(9.8) 

19.1 
(9.7) 

17.0 
(8.7) 

17.8 
(8.1) 

14.7 
(8.0) 

21.0 
(9.1) 

18.1 
(8.3) 

15.0 
(6.0) 

% low 
income 

NA 
19.7 
(4.8) 

16.0 
(4.2) 

27.3 
(4.3) 

24.7 
(5.1) 

11.4 
(2.9) 

19.0 
(4.4) 

16.9 
(3.2) 

20.3 
(7.2) 

15.4 
(4.5) 

11.3 
(3.8) 

21.7 
(5.4) 

19.6 
(5.5) 

9.5 
(3.0) 

15.4 
(4.7) 

13.9 
(3.7) 

% moderate 
income 

NA 
21.8 
(5.4) 

24.2 
(4.9) 

10.5 
(2.2) 

19.1 
(3.9) 

19.0 
(3.5) 

7.8 
(2.0) 

14.7 
(2.5) 

22.6 
(4.4) 

24.4 
(4.4) 

24.5 
(4.7) 

10.6 
(2.1) 

19.2 
(4.1) 

17.5 
(4.3) 

7.3 
(2.4) 

13.5 
(2.6) 

% above 
mod. income 

NA 
9.0 
(4.1) 

14.2 
(5.8) 

14.8 
(4.0) 

12.7 
(4.5) 

18.9 
(4.3) 

23.2 
(4.5) 

16.7 
(2.6) 

18.1 
(5.9) 

14.0 
(4.0) 

21.0 
(5.3) 

18.8 
(3.8) 

15.6 
(3.6) 

20.7 
(4.3) 

24.9 
(4.9) 

17.3 
(2.6) 

% high 
income 

NA 
13.4 
(8.6) 

12.6 
(7.5) 

15.9 
(7.4) 

16.9 
(8.3) 

18.1 
(8.6) 

21.5 
(9.0) 

28.2 
(10.1) 

21.1 
(11.7) 

27.1 
(12.5) 

26.0 
(11.5) 

30.9 
(11.8) 

31.0 
(12.3) 

31.0 
(12.4) 

33.6 
(11.8) 

40.4 
(11.4) 

% lower 
income 

NA 
77.6 
(12.2) 

73.0 
(12.6) 

69.2 
(10.6) 

70.5 
(11.8) 

62.7 
(11.7) 

55.0 
(11.2) 

55.0 
(11.0) 

60.8 
(15.1) 

58.9 
(13.8) 

52.8 
(13.5) 

50.1 
(12.8) 

53.4 
(13.0) 

48.0 
(13.2) 

40.8 
(12.2) 

42.3 
(10.9) 

Average Rent 
($, hundreds) 

NA 
5.1 
(0.5) 

6.7 
(0.7) 

7.1 
(0.7) 

7.5 
(1.3) 

8.4 
(1.0) 

10.4 
(1.6) 

12.2 
(1.8) 

4.5 
(1.0) 

6.1 
(1.1) 

8.1 
(1.5) 

8.6 
(1.5) 

9.1 
(2.2) 

9.7 
(1.9) 

11.0 
(2.1) 

12.9 
(3.0) 

Housing 
Type (% med. 
–high 
density) 

NA 
32.8 
(26.9) 

57.3 
(36.7) 

57.6 
(35.0) 

42.2 
(35.9) 

58.8 
(32.9) 

59.7 
(32.4) 

60.0 
(31.7) 

24.2 
(29.5) 

11.1 
(12.6) 

29.5 
(26.2) 

32.5 
(26.4) 

68.3 
(28.9) 

34.2 
(28.7) 

33.3 
(27.4) 

33.6 
(26.6) 

Pop. Density 
(1000/km2) 

NA 
5.8 
(5.3) 

6.1 
(5.4) 

6.5 
(5.4) 

7.4 
(5.7) 

7.2 
(6.0) 

7.4 
(5.7) 

5.7 
(1.9) 

2.7 
(3.1) 

2.4 
(2.2) 

2.7 
(2.2) 

3.1 
(2.4) 

3.4 
(2.8) 

3.5 
(2.9) 

3.4 
(2.6) 

5.3 
(1.8) 

Distance to 
Downtown 
(km) 

NA 
7.4 
(5.2) 

7.9 
(5.7) 

9.3 
(6.9) 

9.3 
(6.9) 

9.8 
(6.5) 

9.3 
(6.1) 

10.0 
(6.7) 

17.3 
(11.7) 

19.3 
(11.6) 

19.3 
(11.7) 

19.2 
(11.8) 

19.2 
(11.8) 

19.7 
(11.9) 

20.9 
(11.8) 

21.0 
(12.0) 

Transit Mode 
Share (%) 

NA NA NA 
24.7 
(6.5) 

21.6 
(7.8) 

27.2 
(8.5) 

29.8 
(7.0) 

29.7 
(7.8)  

NA NA NA 
11.7 
(6.7) 

9.1 
(5.1) 

13.0 
(7.7) 

15.3 
(8.1) 

15.5 
(8.2) 
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Table 4.2: Descriptive statistics (mean (SD)) for all study variables by each five-year change from 1981–2016 (n=374 CTs) 

Group Exposed (<1.6 km) Unexposed (>1.6 km) 
Variable 
(change) 

1981–
1986 

1986–
1991 

1991–
1996 

1996–
2001 

2001–
2006 

2006–
2011 

2011–
2016 

1981–
1986 

1986–
1991 

1991–
1996 

1996–
2001 

2001–
2006 

2006–
2011 

2011–
2016 

CTs (n) 62 3 7 0 18 27 10 -62 -3 -7 0 -18 -27 -10 

% very low 
income 

8.1 
(7.1) 

-3.1 
(4.2) 

-0.6 
(4.4) 

-4.8 
(6.4) 

7.0 
(4.4) 

-3.4 
(4.4) 

-4.6 
(3.4) 

3.3 
(4.4) 

-2.0 
(3.8) 

1.0 
(3.2) 

-3.1 
(3.6) 

6.7 
(4.0) 

-2.0 
(3.6) 

-2.9 
(3.5) 

% low income -7.4 
(5.9) 

-3.8 
(2.5) 

11.6 
(3.2) 

-2.6 
(3.3) 

-13.2 
(4.5) 

7.6 
(3.8) 

-1.8 
(2.8) 

-3.6 
(3.7) 

-4.0 
(2.7) 

10.5 
(3.1) 

-2.1 
(3.9) 

-9.8 
(4.1) 

6.1 
(3.7) 

-1.5 
(3.0) 

% moderate 
income 

1.6 
(4.0) 

2.3 
(3.5) 

-14.1 
(3.8) 

8.6 
(3.5) 

-0.3 
(3.3) 

-11.2 
(3.1) 

7.0 
(2.3) 

1.3 
(3.5) 

0.2 
(3.9) 

-13.9 
(3.7) 

8.5 
(3.5) 

-1.6 
(4.0) 

-10.1 
(3.9) 

6.2 
(2.38) 

% above mod. 
income 

-3.7 
(3.7) 

5.2 
(3.2) 

0.0 
(3.3) 

-2.1 
(3.6) 

5.8 
(3.1) 

4.4 
(3.8) 

-6.5 
(3.4) 

-5.2 
(3.7) 

7.0 
(3.4) 

-2.2 
(3.7) 

-3.2 
(3.2) 

5.0 
(3.4) 

3.9 
(3.9) 

-7.7 
(3.4) 

% high income 1.5 
(3.0) 

-0.7 
(3.4) 

3.1 
(3.5) 

1.0 
(4.2) 

0.5 
(3.5) 

2.5 
(3.6) 

6.3 
(3.3) 

4.2 
(5.6) 

-1.3 
(4.5) 

4.6 
(4.3) 

0.0 
(5.9) 

-0.6 
(5.0) 

1.6 
(3.9) 

6.6 
(4.2) 

% lower 
income 

2.3 
(5.1) 

-4.7 
(3.8) 

-3.1 
(4.1) 

1.3 
(6.4) 

-6.5 
(3.9) 

-7.0 
(4.6) 

5.0 
(3.7) 

1.0 
(6.1) 

-5.9 
(5.7) 

-2.4 
(4.3) 

3.3 
(5.8) 

-4.8 
(5.3) 

-6.0 
(4.8) 

1.8 
(4.4) 

Average rent 
($, hundreds) 

0.5  
(2.2) 

1.6 
(0.4) 

0.4 
(0.3) 

0.4 
(1.0) 

0.8 
(1.0) 

1.6 
(0.9) 

1.7 
(0.6) 

1.6 
(0.8) 

2.0 
(0.7) 

0.5 
(0.6) 

0.5 
(1.7) 

0.5 
(1.6) 

1.3 
(0.9) 

1.8 
(1.4) 

Housing Type 

(% med. –high 
density) 

-18.1 
(19.8) 

25.2 
(19.0) 

2.6 
(5.4) 

-15.4 
(70.3) 

14.1 
(67.3) 

1.6 
(3.7) 

8.4 
(4.9) 

-7.8 
(15.3) 

18.5 
(17.7) 

3.1 
(5.1) 

35.8 
(54.1) 

-35.0 
(57.1) 

1.3 
(4.4) 

1.2 
(3.8) 

Pop. Density 
(1000/km2) 

0.4 
(0.8) 

0.5 
(0.4) 

0.7 
(0.9) 

0.9 
(2.1) 

0.6 
(1.4) 

0.4 
(0.8) 

-1.3 
(6.0) 

0.2 
(0.7) 

0.4 
(0.6) 

0.3 
(0.4) 

0.3 
(0.9) 

0.1 
(0.4) 

0.2 
(0.3) 

1.8 
(3.2) 

Transit Mode 
Share (%) 

NA NA NA -3.1 
(5.2) 

7.3 
(4.5) 

4.0 
(4.2) 

6.9 
(3.7) 

NA NA NA -2.6 
(3.4) 

4.2 
(4.2) 

3.0 
(3.4) 

3.9 
(2.8) 
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4.2. Spatial Analysis 

The descriptive statistics in Tables 4.1 and 4.2 show the percentage of 

population in each of the income categories over time. However, the rest of this study 

uses location quotients (LQ) to show how the proportion in each CT compares to the 

region overall (i.e. % in the CT / % in the region = LQ). This measure indicates whether 

the share of households by income category in each CT is more concentrated (LQ > 1) 

or less concentrated (LQ < 1) than the regional average in that year. Figure 4.1 

visualizes the LQ for lower income households in each census year. 

At baseline (1981), we see areas with more concentrated lower income 

households relative to the region (yellow-red) were mostly near downtown Vancouver, 

especially the downtown east side. Another area with more lower income CTs than the 

regional average includes North Surrey and downtown New Westminster, which got 

connected by SkyTrain in 1990. Other areas include Lower Lonsdale on the North 

Shore, Marpole in Vancouver, along Kingsway in Burnaby, White Rock centre, Langley 

centre, and Maple Ridge centre. Areas with less concentrated lower income households 

relative to the region include most of the North Shore, southwest Vancouver, north 

Burnaby, the Tri-Cities, Richmond, Delta, and south Surrey. 

As the Expo Line was built out 1985–1994 (SkyTrain pictured grey), we see the 

alignment of SkyTrain fell along Kingsway and touched on downtown Vancouver, 

downtown New Westminster, and north Surrey. These were all areas that had a 

disproportionately higher share of the lower income households relative to the region. 

From the 1986 to 1996 census data, we see additional CTs emerged with more 

concentrated low income households than the regional average along the Expo Line. 

Meanwhile, two additional areas with more concentrated lower income households than 

the regional average emerged in north Richmond and the Burnaby-Coquitlam border 

(Burquitlam). We also see the first reduction of an area with more concentrated lower 

income households to a neutral share (LQ ~ 1) relative to the region in Kitsilano and 

Fairview as the concentration of lower income households in Vancouver shifted east.  

By 2001, the Millennium Line was implemented along Lougheed Highway and 

the areas with more concentrated lower income households continued to shift eastward 

in Vancouver, closer to SkyTrain. By 2011, the Canada Line was implemented in 
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Richmond and the concentration of lower income households worsened near the end of 

the line. By 2016, the Evergreen Extension was implemented and many of the original 

areas with more concentrated lower income households than the regional average still 

stand out near SkyTrain Lines. Areas that appeared to lessen their relative share of 

lower income households include east Vancouver, New Westminster, and North Surrey. 

Areas that appeared to increase their relative share of lower income households include 

north Richmond, Burquitlam, and Coquitlam centre. 
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Figure 4.2: Share of lower income population relative to the region in each census tract over time, where blue represents 
less concentrated areas of lower income households (LQ ≥ 0.9) and red represents more concentrated areas 
of lower income households (LQ ≤ 1.1) 



 

40 
 

4.3. Statistical Analysis 

The descriptive statistics and spatial analysis indicated both the proportion and 

share of households relative to the region in the lower income categories diminished 

over time, even more so in the exposed CTs than the unexposed CTs. Further statistical 

analysis tests if this trend holds true while controlling for potential confounding that could 

affect households. 

4.3.1. Bivariate and Multivariable Linear Regression 

Both bivariate and multivariable linear regression are used to ensure the 

variables proposed in the theoretical design behave as expected. These tests confirm 

the exposure variable and all five independent variables have a linear relationship with 

the LQ for all income categories and are different between the exposed and unexposed 

groups. The tests also confirm population density and distance to downtown do not 

change much over time and do not need to be considered as time-varying in the full 

mixed effects model. Housing type and average rent do vary over time and should be 

input to the model considering an interaction with time. Finally, the public transit mode 

share did not exist in the census in 1981 to 1991 and is unreliable in 2001 due to the bus 

operator strike, so the linear mixed effects model excludes mode share from the results 

to consider all census years.  

4.3.2. Linear Mixed Effects Model 

The linear mixed effects model is calculated using the formula in Table 3.3, which 

was developed considering the theoretical pathway, bivariate tests, and multivariable 

tests. It accounts for the time-varying effects of the repeated census measures and 

adjusts for the confounding variables. The results of the models are outlined in Table 4.3 

for all three outcomes (very low income, lower income, and high income). 
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Table 4.3: Linear Mixed Effects Model results for the relative share of very low, 
lower, and high income households 1981–2016 (n = 374 CTs; n = 17 
municipalities) 

 Very Low income Lower income High Income  

Random Effects Variance (SD) Variance (SD) Variance (SD) 

Random Intercept (CT) 0.14 (0.38) 0.020 (0.14) 0.16 (0.40) 
Random Intercept (Muni.) 0.12 (0.35) 0.051 (0.23) 0.36 (0.60) 

Random Slope (CT) 0.0018 (0.042) 0.00061 (0.025) 0.0019 (0.043) 
Random Slope (Muni.) 0.0011 (0.032) 0.00028 (0.017) 0.0020 (0.045) 

Fixed Effects Estimate (95% CI) Estimate (95% CI) Estimate (95% CI) 

Intercept 1.4 (1.2-1.7) 1.2 (1.1-1.4) 0.41 (-0.0066-0.76) 

Time (year coded 0 for 
1981 to 8 for 2016) 

0.0038 (-0.016-0.024) -0.0010 (-0.11-0.0092) -0.0013 (-0.027-0.024) 

Exposure to SkyTrain (yes) 0.17 (0.13-0.21) 0.073 (0.053-0.093) -0.13 (-0.17- -0.086) 
Exposure*time -0.024 (-0.034- -0.015) -0.012 (-0.016- -

0.0071) 
0.026 (0.017-0.036) 

Average Rent ($, 
hundreds) 

-0.035 (-0.041- -0.029) -0.020 (-0.023- -0.017) 0.037 (0.031-0.044) 

Rent*time 0.0035 (0.0025-0.0044) 0.0020 (0.0015-
0.0025) 

-0.0037 (-0.0047- -
0.0027) 

Housing type (% medium-
high density housing) 

0.0016 (0.00097-
0.0023) 

0.0015 (0.0012-
0.0019) 

-0.0019 (-0.0026- -
0.0012) 

Housing*time -0.00035 (-0.00051- -
0.00019) 

-0.00025 (-0.00033- -
0.00017) 

0.00032 (0.00015-
0.00049) 

Population Density 
(1000/km^2) 

0.0030 (-0.00028-
0.0063) 

0.0034 (0.0018-
0.0049) 

-0.0075 (-0.011- -
0.0042) 

Distance to Downtown 
(km) 

-0.020 (-0.29- -0.12) -0.012 (-0.017- -
0.0075) 

0.027 (0.017-0.038)  

Note: The model includes a random intercept for each census tract nested in each municipality 
and a random slope for the effects over time. Random effects are measured as variances from 
the fixed effects (i.e. how different each individual CT (or municipality) is from the population 
average). Fixed effects are measured using an estimate and confidence interval, as with linear 
regression. Bold denotes there is a linear relationship demonstrated in the model (statistically 
significant). 

Fixed Effects 

Table 4.3 shows the results of the linear mixed effects models. Generally, the 

very low and lower income models show similar trends while the high income model has 

trends in the opposite direction. 

The mixed effects model suggests the relative share of very low income 

households near SkyTrain does decrease over time. In the model we see the baseline 

LQ for very low income in 1981 (baseline time = 0) is 1.4 for unexposed CTs (exposure 

= 0). The exposed group has an LQ 0.17 higher than the unexposed group, so the 

intercept for exposed CTs in 1981 is an LQ of 1.57. In other words, the exposed CTs 
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have 17% higher shares of very low income households than unexposed CTs compared 

to the regional average. The intercepts explain the y values when all other values are set 

to zero. These values are not useful to understand the trends overall because there are 

no census tracts with free rent, no medium to high density housing, and no population in 

downtown.  

To better understand these numbers, consider the graph in Figure 4.2. It shows 

areas with SkyTrain started with higher shares of very low income households than the 

unexposed areas relative to the region. At the end of the study period exposed areas still 

had higher shares than the regional average, but they decreased faster than areas 

unexposed to SkyTrain. The mixed effects model explains the relationship shown in the 

graph while adjusting for the confounding variables and considering each census tract 

and municipality is unique. After adjusting for the considerations in the model, the 

outputs (Table 4.3) explain the formula for the lines shown in the darker shades. In the 

adjusted model, exposed CTs decrease their LQ by 0.024 more than unexposed CTs in 

each census year. 
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Figure 4.3: Example graph demonstrating the change over time in relative share 
very low income households by exposure group to SkyTrain, where 
blue denotes exposed CTs and red denotes unexposed CTs 

The other variables in the very low income model follow trends suggested by the 

theoretical framework. As the average monthly rent increases, the relative share of very 

low income households decreases (LQ down 0.035 for every $100 increase in monthly 

rent), meaning more expensive properties generally have higher income households. 

The effect of average rent decreases over time, since the value of rent increases 

(+0.0035). The relative share of very low income households increases as the housing 

type becomes higher density, albeit by small amounts (LQ up 0.0016 for each 1% 

increase in medium–high density housing). Over time, the effect of housing type 

decreases, since the proportion of high density housing increases (-0.00035). The 

relative share of very low income households also increases as the population density 

increases (LQ up 0.0030 for each 1000 person/km^2 increase), meaning denser 

neighbourhoods have more very low income households. As the distance to downtown 

increases, the relative share of very low income households decreases (LQ down 0.020 
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for every kilometer further from downtown), meaning households closest to downtown 

generally have lower income.  

In the lower income model, we see similar trends to the very low income model. 

The intercept for the LQ of unexposed CTs at baseline (1981) is 1.2 and 0.073 higher in 

exposed CTs, for an intercept of 1.27. This means there are more lower income 

households in CTs exposed to SkyTrain than unexposed. Over time, exposed CTs 

decrease their share of lower income households relative to the region faster than 

unexposed CTs (-0.012), meaning there is a change toward more affluence in exposed 

CTs over time. Like the very low income model, the LQ decreases as average rent 

increases (-0.020) and the effect of average rent decreases over time (+0.0020). The LQ 

increases as housing type gets denser (+0.0015), but the effect of housing density 

decreases over time (-0.00025). As with housing density, the LQ also increases as 

population density increases (+0.0034). Finally, the LQ decreases as distance from 

downtown increases (-0.012). 

As might be anticipated, the high income model shows the opposite trends of the 

very low income and lower income models. In this case, the intercept for the LQ in 1981 

for unexposed census tracts in 0.41 and exposed census tracts are 0.13 lower for an LQ 

of 0.28. This means there are disproportionately fewer high income households in the 

exposed census tracts than unexposed. Over time, the relative share of high income 

households in exposed CTs increases by an LQ of 0.026 more than unexposed CTs in 

each subsequent census year. As the average monthly rent increases, the relative share 

of high income households also increases (+0.037). However, there is a slight decline in 

the effect of rent over time (-0.0037). Both high density housing and population density 

have a negative relationship with high income households, meaning the relative share of 

high income households decreases as density increases (-0.0019, -0.0075 respectively). 

Over time, the effect of high density housing decreases, since the proportion of high 

density housing is increasing (0.00032). Finally, the LQ increases as the distance to 

downtown increases, meaning there are more high income households further from 

downtown (0.027). 

Random Effects 

Part of the mixed effects model is to consider the random effects of each 

individual census tract and municipality. This is important because each neighbourhood 
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is unique and there are external factors that we cannot control for like different land use 

policies in each municipality. Typically, random effects are reported as a variance or 

standard deviation from the population average; both are reported in Table 4.3. To help 

explain these variances, Table 4.4 shows the random intercepts and random slopes for 

each municipality in each model.  

Table 4.4: Random intercepts and random slopes for each municipality in the of 
very low, lower, and high income household mixed effects models 

 Very Low Income Lower Income High Income 
Municipality Random 

Intercept 
Random 
Slope (year) 

Random 
Intercept 

Random 
Slope (year) 

Random 
Intercept 

Random 
Slope (year) 

Burnaby 1.24 0.04 1.15 0.02 0.59 -0.03 

Coquitlam 1.18 0.04 1.11 0.02 0.64 -0.03 

Delta 1.15 0.01 1.10 0.00 0.69 -0.01 

Langley City 1.91 -0.03 1.55 -0.02 -0.36 0.04 

Langley Township 1.70 -0.02 1.51 -0.02 -0.31 0.05 

Maple Ridge 1.80 -0.03 1.53 -0.02 -0.32 0.05 

New Westminster 1.73 -0.04 1.38 -0.01 0.09 0.05 

North Van. City 1.34 -0.00 1.24 -0.01 0.45 0.02 

North Van. District 0.85 0.03 0.87 0.01 1.44 -0.06 

Pitt Meadows 1.51 -0.01 1.34 -0.01 0.14 0.02 

Port Coquitlam 1.30 0.01 1.22 -0.00 0.30 0.01 

Port Moody 1.21 0.00 1.11 -0.00 0.73 -0.01 

Richmond 1.03 0.07 1.07 0.03 0.78 -0.06 

Surrey 1.48 -0.01 1.36 -0.01 0.07 0.03 

Vancouver 1.48 -0.00 1.19 0.01 0.64 -0.00 

West Vancouver 1.00 0.04 0.84 0.03 1.74 -0.11 

White Rock 2.00 -0.03 1.60 -0.01 -0.38 0.04 
Note: There are 23 municipalities in the region (see Figure 1.1) and only 17 are included in the model. The other 
municipalities are Anmore, Belcarra, Bowen Island, Electoral Area A, Lions Bay, and Tsawwassen First Nation. 

For the random intercept, we can see which municipalities are higher or lower in 

their relative share of households by income category at baseline. These intercepts are 

overly dramatic, since they represent the case when all other values are zero, meaning 

free rent, no medium to high density housing, and no population in downtown. It is 

unreasonable to expect all other values are zero, so it is fair to assume the actual 

population average for each municipality at baseline is closer to an LQ=1 than 

suggested by the intercepts. In the very low and lower income models, most 

municipalities have an intercept higher than 1, meaning there are disproportionately 

higher shares of lower income residents than the regional average. Only the District of 

North Vancouver and West Vancouver are below one, meaning they have lower than 
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regional average shares of lower income households. The highest relative shares of very 

low and lower income households are in Langley (City and Township), Maple Ridge, 

New Westminster, and White Rock. The opposite is true in the high income model, 

where largest relative shares of high income households are in District of North 

Vancouver and West Vancouver, while lowest shares are in Langley (City and 

Township), Maple Ridge, and White Rock. Because there are municipalities that have 

very different shares of households by income relative to the region, the overall model 

considers the variance for the random intercept to explain each municipality is not the 

same at baseline. This is demonstrated further by the graphs in Figure 4.4. 

 

Figure 4.4: Example graphs demonstrating that each municipality has a unique 
intercept and slope by exposure group for the share of very low 
income households relative to the region over time  

Similarly, the random slope for time considers not all municipalities experience 

the same amount of change over time. External factors in each location can affect how 

the neighbourhood composition changes over time in each unique area. The slope for 

time alone is not meaningful to interpret, because time is considered in the model in 
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several interaction terms. This means the random slope is only the effect of time when 

all other values are zero, like the intercept. So, the random slopes in Table 4.4 are the 

effect of time in the unexposed group when rent is free and there is no medium to high 

density housing. We see in all three models the value is hovering around zero, so 

depending on the municipality the unexposed group could be increasing or decreasing. 

Since all are close to zero, we see time has little effect on the unexposed group. This is 

also demonstrated in the full model (Table 4.3) with very low estimates for coefficient of 

year, small variances on random slopes, and weak linear relationships with time outside 

of interaction terms. 

The random effects for the CTs explain the differences between all 374 CTs 

included in the model. The variances for the random intercept and random slope are 

very close to the variances by municipality. Therefore, it is fair to say most of the 

variance is explained by the unique municipalities rather than the unique 

neighbourhoods themselves (CTs). 
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Chapter 5. Discussion 

This study sought out to answer the question: Does the household income 

composition change in areas nearby new SkyTrain stations? This is not the first study to 

assess neighbourhood change in Metro Vancouver, but it is the first to study the 

changes regionally in relation to SkyTrain (C. E. Jones & Ley, 2016a; Neighbourhood 

Change Research Partnership, 2017; Walks & Maaranen, 2008a). I assessed 374 

census tracts in 17 municipalities 1981–2016 using census data and found 

neighbourhoods are shifting towards more affluence in areas exposed to SkyTrain faster 

than areas further away.  

Trends vary by municipality, but overall suggest SkyTrain changes the 

composition of household income towards higher income in areas nearby. Areas 

exposed to SkyTrain had a 0.17 larger share (LQ) of very low income households than 

unexposed areas at baseline (1981) relative to the region. At the same time, the relative 

share of lower income households was 0.073 higher and relative share of high income 

households was 0.13 lower in exposed areas than unexposed areas at baseline. This 

means areas near SkyTrain started disproportionately lower income than areas further 

away at baseline, and SkyTrain was constructed in areas with more lower income 

households. Over time, areas exposed to SkyTrain changed in relative share of 

households by income category faster than unexposed areas by -0.024 for very low 

income households, -0.012 for lower income households, and 0.026 for high income 

households. This means the share of each income group is changing by 1–3% more per 

census year (every 5 years) in the exposed areas than the unexposed areas compared 

to the regional average. This adds up to a total change of 0.084–0.18 in the LQ over the 

entire study period. For example, an area that started with an LQ of 1.5 for very low 

income had 1.5 times or 50% more very low income households than the regional 

average at baseline, which decreased by 0.18 over the study period to an LQ of 1.32 in 

2016. Meanwhile, unexposed census tracts were stable, because there is not a strong 

relationship for change over time and the variance suggests there are both growing and 

declining neighbourhoods by relative share of household income. 

Several covariates were also assessed in the mixed effects models, including stable 

(population density, distance from downtown) and time-varying (average monthly rent, 
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medium–high density housing) variables. The models suggest more affluent households 

live where there is higher rent, and the effect of rent dampens over time as rent values 

increase regionally. This suggests the model accounted for inflation of rents over time. 

Less affluent households live in areas with higher density housing, and the effect of 

housing type also dampened over time as there was more housing development. This 

suggests the model accounted for increased development in the areas near SkyTrain 

stations that increased the proportion of medium to high density housing. Like housing 

density, lower income households live where there is higher population density. 

Population density did not change enough over time to be considered a time-varying 

variable, as it was not significant in the bivariate tests. Finally, less affluent households 

live closer to downtown than further away. 

These trends align with what we would expect based on the theoretical 

framework (Figure 2.1) and changing desirability of living near rapid transit. Historically, 

trains were not desirable and built near neighbourhoods of lower income and higher 

density while more affluent households lived in the suburbs (Walks & Maaranen, 2008a). 

The location of the Expo and Millennium Line SkyTrain was also chosen for convenience 

and affordability, since the province already owned the right of ways along old rail and 

highway corridors (Acuere Consulting et al., 2013; Farmer, 2018). Now people of all 

income levels want to live near rapid transit for the convenience of walkable, mixed use 

neighbourhoods, to the point that it is becoming a status symbol to live within walking 

distance of rapid transit (Cao, 2015; Luckey et al., 2018). In the Metro Vancouver region 

particularly, the rate of new developments near SkyTrain stations is ever-growing (C. E. 

Jones & Ley, 2016b). All these notions are confirmed through this analysis, because we 

see the areas near SkyTrain start as lower income and higher density with growing rent 

prices, medium–high density development, and affluence over time. The changes in 

average monthly rent and housing density speak to the uptake of new development near 

SkyTrain, suggesting transit-induced gentrification. There is a change in household 

income composition, suggesting overall neighbourhood socioeconomic change. 

A decrease in relative share of lower income households is not necessarily 

related to displacement. The pathway (illustrated in Figure 2.1) may be that new 

infrastructure makes the area more desirable, which draws further development and 

more affluent populations, consequently driving property values up and then pricing out 

lower income households. Thus, we should expect both inward movement of more 
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affluent households and outward movement of lower income households. Alternatively, 

there may be some mechanism by which SkyTrain proximity offers greater locational 

opportunity and allows households better access to education and employment, thereby 

increasing their affluence. Another alternative suggestion is new developments target 

higher income households, while the original lower income households remain in the 

older buildings, outnumbered in the data. However, in this analysis we see 

neighbourhood change is not coupled with population density growth on average, so 

there could be some displacement explaining the shift in household income composition. 

Displacement is difficult to causally assess over time, so this study is inconclusive 

regarding this specific trend, as with previous work in other settings (Bardaka et al., 

2015, 2018; Foth et al., 2013). 

One of the most important trends we see here is a suburbanizing effect in both 

the spatial analysis and the random effect for each municipality. A suburbanizing effect 

means that areas with larger concentrations of lower income households shifted from 

downtown towards suburban areas. These spatial trends align with previous 

observations of lower income areas shifting toward higher affluence while new lower 

income areas emerge in the suburbs (Neighbourhood Change Research Partnership, 

2017; Walks & Maaranen, 2008a, 2008b). Notably, the District of North Vancouver and 

West Vancouver were the most affluent municipalities and Langley City, Langley 

Township, Maple Ridge, New Westminster, and White Rock were the least affluent at 

baseline. Both Surrey and Vancouver had mixes of very low income and very high 

income areas, so the average appears more neutral. Many of the areas that stand out 

with disproportionately more lower income households than the regional average at 

baseline got SkyTrain over the study period, including downtown Vancouver, Marpole in 

South Vancouver (Canada Line), along Kingsway in Vancouver and Burnaby, downtown 

New Westminster, and North Surrey. Overtime, outlying areas like Richmond and 

Coquitlam that previously had less than average shares of lower income households 

than the regional average increased their relative share with emerging areas of lower 

income, demonstrating the suburbanizing effect. On the other hand, areas that stood out 

with lots of lower income households like Vancouver, New Westminster, and north 

Surrey increased their affluence, suggesting a shift toward higher income. This is the 

first study with a long analysis period (35 years) confirming this trend in Metro 
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Vancouver with rigorous statistical analysis and focussing specifically on the effect of 

SkyTrain. 

In addition to the spatial analysis and random effect by municipality, the 

suburbanizing effect is further demonstrated by the full model. The distance to downtown 

and population density variables illustrate where we see the relative share of lower 

income populations decrease is closer to downtown Vancouver. This also explains why 

the population density seems to be stable over time, because lower income households 

are moving to the suburbs where there is lower density. The additional population in the 

suburbs increases the density there to a level comparable with the original density closer 

to downtown. So, as these suburbs are added to areas along SkyTrain (e.g., Evergreen 

Extension in Coquitlam), the average density remains stable. Another consideration with 

the suburbanization effect is there is a large volume of high income retirees who 

previously contributed to the higher income areas. With retirement they are moving onto 

a fixed income, so their previously affluent income status appears low income despite 

living in the same place. 

Many of the findings in this study align with previous work in transit-induced 

gentrification, neighbourhood change, and equity concerns with new rapid transit. 

Specifically, there is growing evidence that after new trains are constructed, the housing 

prices rise and contribute to a renewed energy in development (Chava et al., 2018; 

Dawkins & Moeckel, 2016; Dong, 2017; Zuk et al., 2017). My study confirms rental 

prices are rising along with denser development, and areas nearby transit attract more 

high income households than lower income households. Some suggest the changes in 

neighbourhood composition near transit are driven by a desire to live near convenient 

urban centres, rather than transit (Cao, 2015; Luckey et al., 2018); however, we do not 

have an indicator for residential preference in this study. The two pre- and post-test 

studies that address changes in equity around rapid transit over time, one from Denver 

and one Toronto, suggest the income composition near stations shifts toward more 

affluence (Bardaka et al., 2015; Foth et al., 2013). In a subsequent study, Bardaka 

suggests this trend is transit-induced gentrification (Bardaka et al., 2018). My study is 

consistent with these findings, indicating there is a shift in the household income 

composition near SkyTrain towards more affluence in Metro Vancouver. 
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We are on the rise of transit popularity once again, and there are shifts in the 

planning phenomenon, housing prices, and densities indicating this desirability. 

Originally, we built SkyTrain in lower income areas, but over time they are shifting 

toward higher income. This is a concern because the locations of rapid transit were in 

part, intentionally selected to support mobility choices for those who used transit most. 

However, SkyTrain locations were also selected for political reasons and ease of 

implementation (Farmer, 2018). This means that lower income households were 

systemically impacted by the placement of SkyTrain, when the general sentiment was 

that public transit was for poor people and brought crime. The SkyTrain was placed 

where there was density, available road space or freight rail right-of-way, and 

neighbours who would not complain about the in convenience of the project. Now that it 

is becoming desirable to live near transit, areas nearby stations are developing 

differently from before—possibly displacing the original lower income residents.  

Because there is rising desirability of transit and use across income categories, 

does not change that lower income users still rely on SkyTrain. In fact, lower income 

households may be completely transit-dependent, since owning, maintaining, insuring, 

and fueling a personal motor vehicle is increasingly expensive (Sukaryavichute & 

Prytherch, 2018). This is concerning because displacement from walking distance to 

rapid transit decreases access not only to the transit itself, but also access around the 

region. Future planning in the region must consider SkyTrain does impact who lives in 

areas nearby and should consider options to protect and create lower income housing 

with access to high quality transit. 

Another consideration for future rapid transit is some of the very low income 

areas in the region received rapid transit investments, like downtown Vancouver, New 

Westminster, North Surrey, Coquitlam, and Richmond. Meanwhile other areas in Metro 

Vancouver still need better access to transit to serve areas with lower income 

populations. These include central North Shore, South Vancouver, South Richmond, 

Port Coquitlam, Maple Ridge, Langley Centre, and White Rock. Some of these areas will 

be getting new B-Line bus services in late 2019, including the Marine–Main B-Line in the 

North Shore, the Lougheed Highway B-Line through Port Coquitlam to Maple Ridge, and 

the 41st Avenue B-Line in South Vancouver. These are a first step to create high quality 

transit access that could convert into other forms of rapid transit in the future. Planners 
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should consider options to protect the existing lower income households in these areas 

and options to provide high quality transit to lower income areas reliant on bus services. 

5.1. Limitations 

This study has limitations. Since this study retrospectively examines census data, 

we cannot track the households over time. It is not as strong a case for causality as data 

from a prospective cohort with geocoded addresses could be. Similarly, using census 

data at the aggregated CT level is not as nuanced as using the micro-data, which could 

be aggregated more accurately to areas within walking distance to SkyTrain. It is also 

important to note the 2011 census data included an optional long-form survey, the 

National Household Survey, which has a smaller response rate than when it was 

mandatory in other census years.  

Further, this study only analysed vulnerable populations by income; future work 

with alternate measures such as housing tenure, immigrant status, age, and education 

are of interest as well. For example, housing tenure could have been used in the model 

to further differentiate the lower income populations and help describe housing trends. 

Like average rental prices (which was used in the model), housing tenure would speak 

to the affluence of the households living in the area. This variable would draw out rental 

households, who probably disbenefit from the new rapid transit compared to owner 

households who may benefit from and increase in home value. In a bivariate test with 

the outcome variables, housing tenure was correlated with very low, lower, and high 

income households (R= 0.74, 0.75, and -0.54 respectively). This means that in areas 

with more lower income households there are also more renters than owners and vice 

versa. Some suggest that more affluent households tend to own their homes and 

therefore may be more resilient to displacement than lower income renters (Bardaka et 

al., 2015). While housing tenure may add to the model’s interpretation, it has not been 

used in previous studies and thus was not reviewed as a potential variable for this study 

(Bardaka et al., 2015; Foth et al., 2013). Average rent was used a variable in a previous 

study that informed the variables used in this thesis (Bardaka et al., 2015). 

A core empirical limitation is the data lacks an adjustment to income for 

household size, which limits interpretations of what may be affordable for a lower income 

household. Newly built units and consequently household sizes likely got relatively 
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smaller around SkyTrain stations over time. Finally, many external factors other than 

addition of SkyTrain could have contributed to the sociodemographic shift, such as 

neighbourhood built environment, residential self-selection during the study period, 

municipal policies, change of land uses, developer interest, etc. These are not 

measurable, despite some controls in the statistical analysis, and must be considered 

when interpreting the results. 

5.2. Additions to the Literature 

5.2.1. Intellectual Value 

Few studies have assessed the equity impacts of rapid transit. The existing pre- 

and post-test studies only assessed equitable access to jobs and changes in per capita 

income. This will be the first pre- and post-test study that evaluates the long-term 

demographic shift nearby rapid transit. The natural experiment analysis controls for 

residential self-selection before train implementation and allows for greater inference of 

causation, though the census is a repeated survey and does not follow in-person 

changes. The results add quantitative evidence to the phenomenon of neighbourhood 

change in the Metro Vancouver region. This will inform city, regional, and transportation 

planners of what can happen after new rapid transit.  

5.2.2. Interest and Support 

Gentrification, displacement, neighbourhood change, and housing equity are all 

current focus points in academic literature and popular media, especially in Metro 

Vancouver. This is a great time to capitalize on the topic area and add to our knowledge 

of what is occurring on the ground in Vancouver. Additionally, there is interest in my 

results from the City of Vancouver, TransLink, and Vancouver Coastal Health, who are 

attempting to catalyze pre- and post-test research around the Millennium Line Broadway 

Extension in the future. Our research group completed a literature review on the topic for 

these local authorities (DeVries et al., 2018), and they frequently ask about implications 

of rapid transit on equity and displacement, which is rarely represented in the literature. 
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Chapter 6. Conclusion 

SkyTrain has operated in Metro Vancouver for over 30 years and trends in the 

region have changed dramatically during this time. Opening in 1985, SkyTrain and Expo 

’86 marked the beginning of the region’s shift from a working-class port and industrial 

city to a global financial, business, and real estate hub. Housing trends have also 

changed, with evidence of gentrification and displacement in previous working-class 

neighbourhoods. SkyTrain expanded from the initial Expo Line of 21.4 kilometers to the 

current three lines of 79 kilometers, built in areas with disproportionately higher shares of 

lower income households compared to the rest of the region. Now that the region is 

changing in both population and development trends, there is risk these lower income 

households will become displaced from areas nearby SkyTrain and lose their access to 

rapid transit. We see in this study areas closest to SkyTrain are changing their 

household income composition faster than areas further from rapid transit. This means 

lower income households are underrepresented compared to previous years with a 

greater share of high income households present relative to the region. We also see 

growing rents and housing densities, indicating large-scale developments are being built 

around SkyTrain stations, often coined “transit-induced gentrification”. Future planning in 

the region must consider SkyTrain does impact who lives in areas nearby and should 

consider options to protect and create lower income housing with access to high quality 

transit. 
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