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Abstract

The Effects of Urban Rail Rapid Transit Statibypeson Housing Prices in Toronto and

Vancouver, Canada

Jasmine Eftekhari

Previous research has shown hatximity to transit stationsorrelates positively with housing
values However, it is also possible that negaiivgactson housing prices could result from
negative externalities associated with statimg their surrounding track$he overall goal of
this studyis to distinguish effectsf urban rail rapid transiwhich raise housing prices from

those which lower housing pricesile isolaing the impact of statiotype.

This thesis examindle impacif urban rail rapid transgtationtypes(undergroungground

level, or elevatedl, on values ohdjacent resid@ial propertiesn Torontoand Varcouver
Metropolitan AreasThis is donghrough applying hedonic price modelling methodology to
analyz housing values ithose two citis. Resultsndicatedthat onaverage, proximity tarban

rail rapid transit stationked to higher residential pperty values and that tigpe of the closest
urban rail rapid statiowasamong the factors determining the amount of this capitalizakius.
relationship varied based on the city, characteristic of the neighbourhood, those of the transit

infrastructureand the property itself.
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1. Introduction
Starting inthe 1960s, with concerns about the environmental impacts of automobile use rising
sharply,C a n a doaebnsnenbegan to invesinore heavilyin public transiinfrastructure. This
was also to address traffic congestion due to higher number of commuters in urban areas, and the
demand for less polluting modes of transportation. Public transportation is defined as a system
with a large passenger capacity that isropnd available to the majority of the population and
includes modes such as bus, trolleybus, rail and mor{dtahic, 2005). If people switch from
using cars to transit, per capita emissions and land requirements for auteifioliie form of
highways, roads, parking lots, and so on) decrease. If levels of car use remain constant while
increasing mobility and accessibilitghen higher productivity without additional emissions

could result.

Researchers have shown that the general impacts of palpigittican be classifigémporallyas
short term (i.e., related to savings in cost and travel time), and long term (i.e., stemming from
slow but persistent changes in tieural anduilt environment) (Debrezion, Pel& Rietveld,
2007). This distinctiorrould also be geographical. Although tramsitastructure greatly

impacts areas surrounding it, the effdetsd to spill over to areas further away from the vicinity
of the infrastructure (Mejia, Paez, and Vassallo, 20iigrovementsn public trangi could

cause more clustered and higlensity employment, in turn enabling urban growth, giving rise

to agglomeration economies by improving labor market accessibility, increasing information

1 1n this work I will assumethe following distinction between mobility and accessibility: | define accessibility as

ithe potential of opportunities for interactiondo (Hans
1996, p. 1) while def i niclelgnonperborkim ttyr aavse | d endeda s(uvruec hfi ocr, 2
This definition is different from the concept of HAuni v

providingequal opportunity of access to mobility, facilities, devices, and servicegdple with disabilities
(Audriac, 2008).



exchange and facilitating industrial specialization (Chat&aoland, 2014)It also provides
t he fAtranspor t aGendeau, Ldporte & dMesa, 1995uch asllanwwale
populationsaccess to jobs and opportunities that would not have been possible otherwise

(Blumenberg & Ong, 2001).

Public transit infratructure iprovided to the public by governments which set user charges
(fares) below cost recovery in most if not all high income countries such as Canada. As a result,
the infrastructure and operations of that infrastructure is paid for by the poputatbugh taxes
and the fares are maintained at levels considered highly afforttaklanada’s five largest
metropolitan areasransit infrastructure includes both bus and railway systefhese projects
havebeenexpanded over a period of decades maahy additional projestare underway or in
theplanning stage@~igure 1) Three cities, Montreal, Toronto, and Vancouver have at least two
types of railway systems in operatidrnese include annderground metreystemand atlevel
commuter rail RMT) in Montreal anunderground and surface subway and eleviigut Rail
Transit LRT), streetcarscommuter bus angdeavy commuter railwa§GO Transit)networksin
Toronto, ancelevated and underground LRYstem (SkyTrainand West Coast Expreksavy

comruter railway in Vancouvet

2As defined by Vuchic (2007), the dAfamily of rail trans
tramways, light rail transit (LRT), rail rapid transit (metro, subway), and regional rail. All raisnoalve the
characteristics resulting from guidance and rail technology, and most have those caused by electric propulsion. LRT
consist of electrically powered, higlapacity, quiet vehicles with high riding quality operating in-tméur-car

trains on pedominantly separated ROW. Rail Rapid Transit has a fully controlled ROW without any external
interferences. Simple guidance, electric traction, anes&# signal control allow the maximum speed possible with
given station spacings. RRT requires theagest investment of all modes primarily because of its entirely-grade
separation ROW and large stations. Regional Rail represents local servicesdittange railroads with a service
characterized by long average trip lengths, long station spaciggssgeed, and reliability (Vuchic, 2007). These

three rail modes that have partial or full RigifitWay (ROW) separation represent transit modes with the highest
overall performance of all modes but that are limited in their network extensiveness li#dagkanvestment

costs.

3 In addition tothe LRT systems that are under construction in Ottawa and Kitchener Waterloo, projects such as
Eglinton Crosstown and Sheppard East LRT in Toronto and Millen Line Broadway Extension and Surrey Light

Rail in Vancouver are underway.



Figure 1: Inauguration of Urban Rail Mass Transit Projects in Canada (12620)

| | |

B Kitchener-Waterloo [l Toronto Montreal [l Edmonton Calgary vancouver [ Ottawa

If a real estate market is open and competitive, the benefits provided by a localized service or
amenity would be catalized into the values of adjacent properties (Duncan, 2008).
Accordingly, if transportation infrastructure (roads, highways, railways and public transit)
provides accessibilitgnd mobilitybenefits to the populatidiving in its proximity, values of

the properties in close proximity to the infrastructure should be higher. However, undesirable
externalities such as noise, air pollution, visual intrusionsaatamobiletraffic associated with

transporationinfrastructure may affect property values negsy.

The importance of measuring the effects of public transportation projebtsusmgvalues is
twofold: first, dueto the longterm nature ohousingselectiorf: housing valueshave always

been among the most efficient indexes of the effects @wsplanning interventions on the
well-being of communities. This concept was examined by Knaap (1998), who argued that if

planning serves primarily to preserve and enhance neighbourhood amenities (including providing

4 In examining land and property markets, economists distinguish between the vadireyttie property from the

value ofowningthe property, hence creating two markets in the land: one for its use and another for its ownership.

The main focus of this work will be one the ownership of property, however, use and ownership are interconnected
phenomena because the ownership price is usually determined by the expected value of the use of the property in the
future (Skaburskis & Moos, 20).

5 As emphasized by Davis and Heathcote (2007), Davis and Palumbo (200Bg\asidOliner, PintandBokka,
(2017)housing can be viewed as a bundle consisting of a structure that provides shelter and land that provides utility
because of its partitar locationand the price of property is a reflection of the value of both land and structure

this work, unless specified otherwise, value of housing refers to the value of land and structure considered together.

3



better accessibility through transifrastructure), then planning will increase housing prices

Secongas argued by Dubé et al. (2013), part of the process of financing public transit may

include studying the connection between accessibility to public transit infrastructure and real
estatemarkets since the former may generate externalities that are in turn reflected in building

values and propertytaxessseen i n transit valwue capture mod
Propertyd devel opment model , dueto pandingrastructuad i ncr
could be capturedsingdevelopment charges and this could in turn be used to finance the transit
project (Cervero & Murakami, 2009)n Canada, property taxation is based on assessed market
valueanddoes capture some of thgain goes into generaiunicipalrevenueand is used to fund

services suchseducation, road repair, recreational programs and public transit

One basic question when planning @mbanrail rapid transit infrastructure is whether the track
should be tagroundlevel, elevated or undergroundll other things equal, tunnelling is more
expensive than constructing elevated railways, which is in turn, more expensive than laying
tracks at groundevel (Flyvbjerg Bruzelius & van Wee, 2008 Considering tht all three

types’ canprovide the same amount of increase in accessitiligybenefits and costs of each

type ofstationshould be carefully considered.

6 While the actual policy practice sas in different cases, Land Value Tax (LVT) has been increasingly justified as

a viable method for financing the construction and maintenance of public transport infrastructures (Wang, Potoglou,
Orford & Gong, 2015). The argument that publicly investadgport network can promote the values of nearby

land can be traced back to Smitl98%) andGeorge (1879) who believed that the value of land comes from the
adjacent infrastructures and amenities invested by the whole community. For a more detailedtaregending

Land Value Tax refer to Wang et al, 2015.

 Traditional underground rail rapid transit systems are generally associated with higher construction costs than
surface rail rapid trans#tnd they usually offer a highearrying capacityVuchic,2007) On the other hand, surface

(or elevated) rail rapid transit infrastructure is usually associated with higher degrees of negative environmental
externalities

8 This cost varieslepending on factors such as location of the infrastructnrgéronmeral and safety constraints

labour costsand the characteristics of the infrastructure sucttaa®n spacingndtype of rolling stockFlyvbjerg

et al, 2009. A detailed comparison of capital costs per redt@metre in urban rail transit infrastruce can be

found in Flyvbjerg, Bruzelius, and van Wee (2008).

91n this work, statiortype, attributesandcharacteristic are used interchangeably and refer to the physical placement
of andtype of the station and its surrounding tracks.



In order to examine the interaction of value of trarsliited accessibility and value of transit

related local environmental nuisances at urban rail rapid transit stations and in their proximity, it
is necessary to study places where nuisance level is higher while holding accessibility and other
variables constan©One way of measuring this would teemodelhousing pricessimultaneously

taking into account thexternality costs andccessibility benefits. Effectively, if there are

multiple stations offeringimilar accessibility benefits, housing prices shadédrease when
exposure t@xternality €.g. noise, vibration, unsightliness, etngreases. In other words,

negative externalities associated with operations of the railway should counteract accessibility

because some stations offer the same accessibility but different levels of externality

This thesis will assess the impact of different urbarragild transitstationtypes on housing
prices i n Canada @sensus Mtropditanaread: Tdramto (2al6 dopulatigpre s t
5,928,040 and Vancouver (2016 population483,43).2° The sudy will be carried out in

Toronto and Vancouvdor three reasons: first, in each of these metropolitan areas there has been
discussion and debate concerning which types of urban railways and stations to build. For
example, in Vancouver, recent debatelplanninghas centered on the Broadway Avenue

corridort! while in Toronto there has been discussion on whether to build an underground
subway onLRT line in Scarborougft? Second because of similar patterns in the residential
property markets of Torontand Vancouver, findings from these two cities can be correctly

comparedBank of Canada, 2016liebert, 201}; and third both cities featuranextensive

10 Throughout theext, unless otherwise specified, references to Toronto and Vancouver indicate the entire
metropolitan area.

11 The Millennium Line Broadway Extension will be an approximately 6 kilometre continuation of the existing
Millennium Line. It will continue wesfrom VCC-Clark on an elevated guideway, and will transition to an
undergroundype near Great Northern Way. The Project will have six new stafibrasLink, 2017.

12The Scarborough Subway Extension project is a 6.2 km extension of Line 2 from Kenatéaly ttScarborough

Centre. The extension is required to replace the aging Line 3 Scarborough and will eliminate the transfer at Kennedy
Station. In March 2017, City Council confirmed support for the stopunderground subwafyjom Kennedy

Station to Scdorough CentreThefuture of the project isurrentlyunknown(Pagliaro, 2016)



urban rail rapid transit system (as well as bus and commuter rail service) whichsrclude
variety d different stationtypesT or ont o6s subway syste@®@50DTC sub
passengers p&reelkday in 2017 APTA, 2017). 46 of the 69 TTC subway stations are located
underground, 13 are located at grodenel, 4 are partially underground andtgly at ground

level, 3 are elevated and 3 are located in a trench (are underground but uncesved.

coverage is predominantly within tiaty of Toronto, with the exception of the recent Torento
York-Spadina Subway ExtensighY SSE)which crosseghe border of Toronto and travels into

York Region'*Vanc ouver Jan auBkated raiamass transit system which carried
approximately376,000passengers per day in 2016 (Translink, 20dansists of 58 stations. The

majority of the stations (40yaelevated. 9 are located underground, 6 are located at ground

level, 2 are partially underground, partially elevated and 1 station is elevated and covered.

To examinethe relationship betwedgpe of the urban rail rapid transit station and property

values, this study will address thregecific research questions:

1. To what extent and how strongly does proximityitbanrail rapid transit stations affect

housing prices ifforonto and Vancouver

2. To what extent is that effeGpositiveor negativeyelated to whetheaurban rail rapid transit

stations andheir surroundindracks are underground, elevated, or at groleel?

3. How transferrable are the methods? Does the same method work in two different cities? Are
similar results found in two difrent cities? What are the prospects for using the same method in

a more diferent context?

This thesiswill contribute to research on the relationship between public transportation and

B TYSEE stations are not included in this study as they were completed after the data gathering stage.



property values and more broadly about the interplay between adaggsibvided by transit

infrastructure and local environmentadternalitiescaused by that infrastructut@hapter 2
provides an overview of the |iterature concep
Subsequently, Chapter 3 discussegdisearch methods, including collecting the+esthte,

location, and neighbourhood dagmddeveloping a suitablstatistical model for measuririge

relationship between residential property values and public transpoitdtastructure Chapter

4 presents the results, which are then discussed in Chapter 5. Chapter 6 offers a conclusion of the

findings and arguments.



2. Literature Review

This chaptebegins by laying ouheorieson location propertyvalues* and transportatiarit
then discussetheexisting literature on theelationship between residential property values and
urbanrail transit Lastly, it offersan overview of previous findings with regardshe

environmental impacts of transportation projects.

2.1 Location, Land Value, and Trawmtation

Although historically the concern of economists with land values and rent dates at least to the
Physiocrats in the 18th centufithe conceptual frameworks of land markets Hasenderived

from the classical economic theories of Adam Smith (198% observed that regardless of

what is grown, land rents near the market are higher than rents further from the market on the
account of the added cost of transportation. He viewed rent for agricultural land as the residual
value or the difference beter the cost of growing produce and the price paid for the produce at
the market (Smith, 1937Ad a m S mi atué theorly was also examined by David Ricardo
who presented a theory of agricultural rent at the beginning of the 19th century (Alonso, 1960)
Ricardo recognized that land which was in closer proximity to the market bore lower
transportation costs and that this advantage benefited the landlords in the form of rent as a result

of competition among the farmers (Alonso, 1960).

J.H. von Thunei(1826) developed the theory of location differential rent to a fuller exignt

arguingthat the various agricultural land uses in proximity to a market place bid for the use of

In the context of this section, whenever a distinction is not npadperty refers to an estate ranging from a
vacant piece of land to a developed area occupied by residential and/or commercial buildings.

15 The physiocratsa group of 18 Century French economists who wéed by Quesnay, believed that the wealth of
nations was derived solely from the value of agriculté®e.  fi rPaysiacats meant the price of using agricultural
land (Alonso, 1960and believedhat the real profit in capitalist production was teetobtained by the owner of

the agricultural land owhich the production was taking place (Alonso, 1,98@re, 1931).



land, and land waacquired bythe highest bidder in each case. Using this thabgyrent at any
location would be equal to the value of its product minus production and transportation costs. As
a result, when compared to the land with the highest proximity to the market, the most distant
land yields no savings in transportation, andsequently the amount of rent at that location

would be zero (von Thunen, 1826).

The concept of proximity was also explored by Richard M. Hurd who was among the first

economists to examine urban land value in the 20th centuPyifoiples of City Lad Values

Hurd (1903) argued that Athe value of wurban |
and | ocation on conveni enc el2ahedhencsoggestedrthate nce o
the intermediate steps can be eliminated and that thevihad of land within a city depended

on proximity or fAnearnessf0 as he referred to

While economists such as Ricardo and von Thunen focused primarily on agricultural land,

Alfred Marshallwas among the first economists to specificallyuoon urban land values. In

Principles of Economig¢dviarshall (1890) emphasized the importance of location within the city

and defined fisituation valueodo as the sum of t
site. Also offering a theory on urbaanid values, Clark (1958) argued that during the 19th

century, the annual value of urban site rents, relative to national income as a whole, was rising

and this in turn, created an increasing urgency in the demand for urban space.

Economists such as Alon§b960) acceptethatadvantagesf one site over anotharise from
the differences in their locatiaand applied it to the problem of intteban patterns of land use.

Focusing on the relation of land values to land uses within the city, Alonso (1$88@nex the

®I'n addition to pro
tion t

mity, by fAnearnesso Hurd was refei
di stribu it

y 6 si lauteiao m nadf tvhael weoxn.sE que.ntl )
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effect oflocationon changes in land values through atadt analysis. He argued that every

agent (classified by Alonso into three grewgdagricultural producers, manufacturing or service
entrepreneurs, and private households) is willlgay a certain amount of money to use a

certain parcel of land and that amount is higldpendentiponthe location of the land (Alonso,

1960) . Fundamental to Alonsobs argument 1is th
of the city(monoantriccity model) where all services and employment facilities are

concentratedThis in turn led to a rent gradient that declined with distance from the Central

Business District (CBD). Thu# thebasic theory on real estate prices, the dominantrfacto

explaining the difference between land values was accessibility as measured by the distance to

the CBD (Alonso, 1960).

The relationship between housing prices and urban transportation was also explored by Robert

M. Haig (1926) who argued that the costent and transportation are two connected
phenomena: ARent appears as a charge which th
because of the saving in transportation costs

1926, p. 421). Haigivewed transportation as a device to o

Furthermore, he argued that #Athe cost of fric
1926). The ideal |l ocation for the agetadfvity, a
accessibility at the | owest costs of friction

Mitchell and Rapkin (1954) argued that central sites afford maximum acces$iwititgh they
defined as fAcontact wi t & Rapkih, a954, p. 20B)putdincew f r i ct
the supplyof land in central parts of the city is limited, establishments and actithia¢san

make the greatest savings in transportation costs will bid up rents for these sites aessther

able to pay will beeompelled to utilize less advantageous locations (Mité&eRapkin,1954).
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Meyer, Kain and Wohl (1965) argued that households choose housing locations and
transportation modes so as to maximize their income. Workers employed-dehgjty

workplaces guch as the CBD) hate choosénigher transportationostsor higher housing
expenditureand many choose to make longer and costlier srgpk from the suburbs in order to
minimize cost of housing or maximize housspmpce (Meyer et al., 1963).also £ems

probable, they argued, that the cost of other residential attributes, such as the quality of the
structure and the level of community services, may vary significantly from one area to another
and these will influence locatiand transportationhoices (Meyer et al., 1965Effectively,

from the viewpoint of city governments, Capozza argued, migration of populatisulnidban
jurisdictions tends to reduce land values in the city relative to outlying areas, thus decreasing the
tax base of the city,nal exacerbating fiscal problems if the demand for city services does not

decrease proportionately (Capozza, 1973).

While Meyer et al. (1965) studied the relationship between land use, housing and transportation
choice until the early 1970s only a relatlyesmall number of governments had invested in rail

rapid transif{most investments before then had been by private railway fasna)means of

increasing accessibility tihe CBD However, beginning in the 1970s and as concerns with
environmental impactsf mass automobile use grew, governments began investing more in rail
rapid transitThe resultingaccessibilitycreated byublic transit reduced the demand to live

closer to the CBD by attracting households to settle around the stations and commute to
downtown instead, creating suburban subcenters clustered around stations and causing a shift to
a citymodelin which accessibility (as provided by different modes of transportation especially
public transit) remained an important feature for determinihgegeof properties (Debrezion et

al., 2007) Contemporaryxamples otities with planned suburban centres along railway lines
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include Stockholm, Copenhagen, Tokyo, and Singapore.

Although early studies found that property values generally declined istdnde from the CBD
(Brigham, 1965) some other studies (Waddell et al, 1993; McDonald and McMillen, 1990;
Heikkila et al, 1989) shoedthat property values reflect accessibility to several urban centres
addition tothe CBD. A study by Heikkila et al §89), found that not only does accessibility to
subcenters in Los Angeles influence residential land values, but their inclusion totally swamps
any impact that CBD accessibility might appear to have in a less comprehensively specified
model. A key idea behd the monocentric model, and one which rests on several restrictive
assumptions such as that workplaces are spatially centralized is that accessibility to the CBD is
the major determinant of locatigpecific land values and site remds. argued by Heikila et al.
(1998), nost studies of spatially differentiated site values have shown that they are influenced by
distance (or time cost) to the CBD and that theeaide gradient is strongly negative if there is
appropriate standardization for other vhatés (for example, characteristics of dwellings or-non
residential buildings). However, research of this type, although prolific in the inclusion of other
variables (including neighborhood variables), have glitda attention to the possibility that

aceessibility to nodes other than the CBD might be imporiaetkkila et al, 1989)

Given a high degree of residential mobility, sites offering accessibility to many employment
nodes are more valuable because it is not very likely that successive owhessrkvdt the

same workplace; and, particularly important, accessibility may be important to nodes other than
the workplacefor exampleshopping mallsandrecreational facilitiesjSkaburskis & Moos,

2015) Increases in businesslated travel have madérport locations more important to many
firms than downtown locations, and scéntres have developed around the major airports that

partially explain the secondary peaks in | and
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downt owns 0 ampldymentmedegin Sulgurban locations, where firms move for
lower rents as well as proximity to an increasingly suburban labour force as cities continue to

spread outward (Skaburskis & Moos, 2015).

In general, there is a consensus in the literature toassibilityresulting from location and
transportation infrastructure (including transit stagsjucegravel time and costnd correlates
positively with land values. Saveéithe and moneys expected to increase the desirability of

living closer to tramportation infrastructure, hence causing the value datigto increase.

2.2 The Relationship between Type of Rail Transit and Property Values

At the beginning of the 20th centutiie electric tram and other transportation technologies
created new stvalues in the suburbs but at the same time negaimphctedvalues of old
sites at a rate that made the aggregate site rent rise less rapidly than national income as a whole

(Clark, 1958).

The majority of theeontemporary studiesn rail transit angbroperty values reported a
significant positive relationship betweproximity to rail transit and values of properties while
some reported a depreciation of property values in close proxwwittyn a 400 m buffer) ofail
transitstationge.g. Pan etlg 2014).Althoughall three kinds of rail transit scheme studied
(commuter rail, subway, and LRT) had positive impacts on property values, the gains for
properties in the vicinity of commuter rail stations were generally reported to be Rrper ét
al, 2013, Duncan, 200&elik & Yankaya, 2005Armstrong, 1994)One explanation for this
difference could béhat commuter rail providea more beneficial accesscommuters travelling
longer distance&lue to higher travel speeds of commuter rail anddblelting accessibility

premium attached to locations within close distance of a statirmhhencearevalued more than
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subway and LRWwhich aremoresuitablefor shorter distancgdMohammackt al, 2013)
Debrezion et al(2007) suggestdthatin additionto the type of real estate considefedcant
land, commercial, or residentiathe effectof transportation infrastructure on property values
also varies according to the characteristics of the stadiodtheir strength may considerably

vary dependin@n ridership, type of clientele apgkervice quality

Bowes and Ihlanfeldt (2001) argued thMatropolitan Atlanta Rapid Transit Authority

(MARTA) stationshad a positive impact adhe value of nearby properties by reducing

commuting costs or increasingaessibility for residents while their negative externalities

included emitting sound and pollutants and providing higher access to criminals. On the positive
side,MARTA stations increased accessibility to public transportation for the people that live
nearby and reduce their travel time and cost to other destinations in urban areas, which produces
a network externality (Bowes & lhlanfeldt, 2001). Similarly, business activities close to the
stations benefited from the increase in passersby to and frastatioas. They concluded that

the effects described above depended on the type of transport infrastructure, its location, and its

specific characteristics (Bowes & lhlanfeldt, 2001).

Among the studies which focused on the effects of LRT projects on proaduies, most

examined changes in property prices after a light rail system was in service. A few also studied
the preservice impacts of light rail plans. Using data on vacant land sales in Washington County,
OregonKnaap, Ding and Hopkins (200fgund hat plans for light rail investmenitsdpositive

effects on land values in proposed station aréas, Delmelleand Duncan (2012) estimdtthe

effect of proximity to light rail, housing characteristics and spatial comporoergggle family
housevalues in Charlotte, North CarolinaApplying the same model to eatitme periodthat

coincided with the prplanning, planning, construction and operation phase of the light rail
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systemthese authorsbserved a greater desirability to live closer to a lightstation as the

transit system became operatiof¥n et al.,2012)

In another study, Ferguson, Goldberg, and Mark (1988) examined the impaatofc ouv er 0 s
initial automated lighto-mid metro (theSkyTrainExpo Line) during the planning and

construction phases. Trying to determine whether the announcement of plans to build the transit
system had any effect on residential property values, the authors found that while house values
were influenced in the expected direction by structure age (valuesetband by the area of

the house and lot (values increased), there was no evidence that the announcement of plans to
build the SkyTrain in 1980 had any effect on house values (Ferguson et al., 1988). However, in
1983 and about two and half years beftwe $kyTrain line was expected to become operational,
proximity to a transit station (then under construction) was associated with a statistically

significant increase in house values (Ferguson et al., 1988).

Another indication of the effect of proximity tail rapid transit is neighborhood changéis

could be in the form of change zoning which specifies the density and type of future
development to encourage landscapes conducive to trangitkseson-Palombo, 200) or
throughchanges in demographiactorssuch asace, incomeor carownership(Pollack,

Bluestone, & Billingham, 200)0While employing a conventional definition of gentrification and
using the survival analysis technique in order to approach the onset of gentrification as an event,
GrubeCaversandPatterson (2014) analyzed the likelihood that areas surrounding stations in
Montreal, Toronto and Vancouver would experience gentrification. They argued that in
Vancouver, despite many different models being tested, only distance fronpreated to be
statistically significant in and negatively related to the likelihood of gentrification in a

neighborhood (Grub€avers & Patterson, 2014). The lack of correlation between transit and

15



gentrification in Vancouver, Grub&avers and Patterson (20 arguedwas consistent with

research findings that demonstdatkeat poverty is actually spreading along the SkyTrain lines

rather than gentrification as seems to be the case in other cities such as Toronto and Montreal.
Similarly, Bowes and lhlanfeld2001) observed a significant relationship between proximity to

Atl antads MARTA stations and crime rates in n
station. Additionally, the most immediate properties (within 400 meters from the station) were
foundtolmve an 18. 7% | ower value than those | ocat

Ihlanfeldt, 2001).

A Madrid Regioncase study by Mejia, Paez, and Vassallo (2011) focused on its five most
important southern municipalities whipheviouslylacked inerconnection through urban mass
transportation. The results of the study indicated that better accessibility to the newly built
subway |l inebs stations had a positive impact

particularly marked in cases in whitlie house was for sale (Mejia et al., 2011).

A study by Bajic (1988) identified the effect
val ues. The avadbdsedruos theadeathahttee banefits from an improvement in
transportatiorwere reflected in premiums paid for housing. Resuleseobtainedby estimating

direct benefits from the improvement in transportation per owoeupant household as well as
throughidentifying direct subway effects on housing prices. The findings indidagg the

direct savings in commuting costadbeen capitalized into housing values (Bajic, 1998).

A study by Haider and Mi | |T&Csudwayl@opertpvalues he e f
found different results. Using the hypothesis that proxinaitydnsportation infrastructure
influences residential real estate values, Haider and Miller (2000) estimated the impact of

locational elements on residential property values. Price of residential properties sold in 1995 in
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the Greater Toronto Area was §zed.Thest udy 6s model s used a combi
influences, neighborhood characteristics, and structural attributes to explain variance in housing
values. The results indicate tltmmpared t@ther variablesuch as number of bedrooms and

bathroans, and distance to CBD, proximity to a subway line had a smaller impdeiusing

values(Haider & Miller, 2000).

2.3 Localized Negative Environmental Impact3 @insportation Infrastructuren Property
Values

Findings from previous studies suggest #féects of rail transiinfrastructureon property
valuesvary according to the characteristics of the statinragldition to the effects relating to
larger operating and neighbourhood characteriglebrezion et al., 2007). The externaliteds
rail transit infrastructurenay includedisruption and noise associated with the construetnah
operationof the line andstations increased automobile traffic near the statargvisual

unsightlinesgChalermpong, 2007

Although it is useful to study éhenvironmental impacts of one transportation project on its
surrounding neighborhood, these effects are not isolated and thenedittiple transportation

projects should be taken into account simultaneously. In a study on the combined impacts of
highways and light rail transit stations on residential property values for Phoenix, Arizona, Seo,
Golub and Kuby (2014) found that edsnenities such as noise, represented by distance from

both highway and light rail track, appear to have no significant effecésidential property

values. For highway exits, benefits were moderate at close distances, highest for residences about
1.2 kilometers from a highway exit, and decreased steadihyolssegurther away. These

results indicated that the accessibility &f#s adjacent to the station or highway exit were

somewhat offset by the damenityfrom proximity to railway linegSeo et al., 2014). Various
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otherstudiesidentifiednegative environmental impacts from railvggyoximity to the line to a
variety of reasonsoise and vibration resultifgom construction of a new line, the upgrade of
an existing line, froneveryday operationsr new switcheandcrossings Connolly, Marecki,

Kouroussis, Thalassinakis & Woodward, 20Carpenter1994.

The Surrey Rapidransit Alternatives Analysjs multi-phase studyhatevaluate alternatives

for rapid transit in SurreyBritish Columbiaconsidered a range of criteria including regional
vehicle emissions, noise and emissions, and potential for impact on biodjveskityearing
watercourses, parks and open space, and agricultural resandoescluded that all rapid

transit alternatives (Bus Rapid Transit, Light Rail Transit, and Rapid Rail Transit) produce noise

and vibration, with the Rapid Rail Transit haviig most potential impa@BI| Group, 2012)

In a study that analyzed the effect of LRT stations on sale prices of-fanglg homes in
metropolitan Portland, Oregon,-Mosaind et al. (1993) found that although the housing market
viewed proximity to aLRT station as a benefit, tl#ort and londermnuisance effectdue to
construction and operation of statianayhaveredu@dthat benefit They concluded that in this
case, the positiveffects of accessibility wergronger than the nuisance effélthis might have
been due, in part, to the design of LRT stations and as a result, design treatment should be
sensitive to potential impacts on nearby neighborhoods and failure to do so may lead to an

adwerse price effect on homes (Mosaind et al., 1993)

After studying the impact ahecommuter rail system operated by Amtrakthe values of
single family properties located in the Boston, Massachusetts MetropolitanAnestyong
(1994)reported thaat a regional levehccess to the CBD provided bgmmuter rail service had
an appreciative impact aralues of single familpropeties In a more recent stydDubé,

Thériault, and Des Rosiers (2013) argued that due to the externalities created by commuter rail
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projects, transit investments are highpable of influencing the real estate market. This was
proven through estimating the actual effect of proximity to commuter train stations along the
Mont-Saint Hilaire route occurring in 20#D03 using a hedonic price model with a difference
in-differences (DID) estimator. The authors found a location premium for houses located in

proximity to the stations (Dubé et al., 2013).

In order to identify the impact of land prices of replacingraide or elevated railways with
underground subways in Seoul Metrbfam Area, Lee and Sohn (2013) found a significant
difference in several variables according to whether a station area belongsadeafor

elevated) or underground subway, confirming that property prices of areas atpageabr

elevated railway armuch less than those along underground railways. The authors argued that
in the past f e-grade erelevdtedsajlways havauldd fo £coromic deterioration
by severing neighborhoods and also have given rise to serious environmental psoicle®s

noise, vibration and unattractive landscapes (Lee & Sohn, 2013). In particular, Lee and Sohn
(2013) believed that the segregation causedgyaate or elevated railways has done more harm
to nearby neighborhoods than any other form ééa¢l transport facilities. Moreover, according

to the statistics provided by the Korean Railway Corporation (KRC) railway crossings have
caused serious safety problems (Lee & Sohn, 2013). Aside from property values, the statistical
test conducted in this studysalverified the significant differences in several variables

(including employment level, station locations, office and otiser floor areas, number of
pedestrian friendly nodes, highway closeness and station intermodal characteristics) which
varied gredy between agrade station areas and underground subway stations (Lee & Sohn,

2013).

The Final Environmental Impact Statement/Environmental Impact Report (EIS/EIR) for Los
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Angel esd6 Westside Subway Extension Locally Pr
chaacteristics important in creating real estate value premiums near station sites include

proximity to stations, relatively higtlensity zoning, a safe pedestri@iendly environment, and

a balanced orighulestination mix within the fixed guideway systelnog Angeles County,

2012). Negative impacts on property values from transit (which the report called nuisance

effects) could also occur according to the report's findings (Los Angeles County, 2012).

Measurable noise impacts from vehicles, increased peaestffic, transit structures, transit

associated parking, and increased bus traffic can reduce the desirability of properties near a

transit station and such externalities will most likely have a more pronounced negative effect on
values of propertiesiiareas where value is not attributed to the accessibility improvements that

transit provides (Los Angeles County, 2012).

Connolly et al (2015) analyzed a collection of technical greorhe noise and vibration reports
produced forail projects includig light rail, tram lines, underground/tunneled lines, freight,
conventional rail and high speed rail. They found that railway vibration is a growing global
concern, and as such, assessments have become more prevalent and that vibratradiatetre
noise areundesirable environmentahpactswhich can result in human distress and-esthte
losses (Connolly et al., 2015), therefore concluding that in densely populated urban areas the
economic risk associated with excessive levels of grdnamde noise rgd vibration is high

(Connolly et al., 2015).

In The Environmental Impact of RailwayZarpenter (1994) identified noise, structural
vibrations and atmospheric pollution and vi sual i ntrusion as nNnexte
railways.These factors»st both during construction and operation of the railway and might

cause a decrease in property values. He argueddlsat isthe most measurable nuisance caused
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by railways and can be generated from engines and ancillary equipment escaping through
exhausts or openirgyn the casing; wheels running on rails; aerodynamic effects; or vibrating

structures (Carpenter, 1994).

Thetypes of externalitieassociated with rail transit infrastructueeto a certain degree similar

to externalities created byhar transportation infrastructure such as highwagsessing the
gualitative benefits created by the spatial alterations of transportation projects, Tajima (2003)
argued that the demolition of the existelgvatedCentral Artery (Interstate 93) in Bostand
placing it underground/i | | r emove two prodigious effects
of noise, air pollution, and an eyesore; and 2) a physical and symbolic barrier that has separated
harborf r ont parcel s fr om ,200% p. 648)gkoth af these dualitiesaret y 0
similar to those of exposed rail transit infrastructulreprder to estimate the effects of two

newly developed highways in Netherlands on housing values located in their surrounding
municipalities,Levkovich,Rouwendal and van Marwijk (26Lusedseveral repeat sales model
specificationsaandcontroled for neighborhood effectd hey reportedhat improvements

accessibility provided bthe highwaysesulted in a significant positive effect on the price of
housing but increased noise pollution and traffic intensity levels resulted in a decrease in prices.
Combining thepositive and negativeffects of all externalities, the effect of highway

development on the price of housiwgs confirmed to bgenerally posive (Levkovich et al.,

2015). Similarly, in a study on the impact of the Superstition Freeway Corridor in Mesa and
Gilbert, Arizona on property values, Carey and Semmens (2003) loogterm added traffic

noise and pollution and reduced transportatiime and cost ofreewaysaffectedproperty

values depending on the property ty@arey & Semmens, 2003). Proximity to fireeway had

a negative effect on the value of detached stfgi@ly homes but a positive effect on
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multifamily residential developents (such as townhouses and apartment buildings) (Carey &

Semmens, 2003).

Whil e defining a nepaauctiopeduetisntoeconsusmptiort agtiviites fa b
that adversely affects third parties not directly involved in the associated maketits a ¢t i ons 0
Nelson (2008p. 2 argued that environmental noises above ambient noise levels can disturb

daily activities and in severe cases can have adverse effdoesibim.In another study that

focused on the negative externalitiehmhways Nelson (1982) searched for a noise pollution
externality consensus among nine empirical studies and found negative impacts reported by the
studies to be o66fairly coniklod%lowerpticéforhquses 129) a

located adjacent toighways(Nelson, 1982).

Carpenter (1994) argued thaswal impactarerelated both to close intrusion and to wider

views of scenic resourcesid couldalso include an obstruction of views by railway structures,
and the negative effect of railway infrastiure and trains on the wider landscapkhough the
analysis of viewgor unsightlinessghould be placed in the wider context of the analysis of
externalities on property values (Bourassa, Hoesli & Sun, 2004), only a relatively small number
of studies hae examined the value of the view as an amenity (eamhsnity) (Benson, Hansen,
Schwartz & Smersh, 1996). Most of the studies that examined the impact of views on property
values found that view has a statistically significant effect on the value osh@uoed, Seiler &
Seiler, 2001; Benson et al., 1996; Bourassa et al., 2004). In a study that examined the effect that
a view of Lake Erie has on the value of a home, Bond et al. (2001) found that in addition to
square footage and lot size, having a laleewivas the most significant determinant of home
value it added an 89.9% premium to the value of the home. Anethdy by Benson et al.

(1996)provided estimates of the valwf the view amenity in singfamily residential houses.
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Findings of this studguggested that depending on the particular view including ocean, lake, and
mountain, willingness to pay for the amenity view is quite high (Benson et al.,1996). In a study
which examined nearly 5000 sales in Auckland, New Zealand, Bourassa et al. (20@1dhiat

wide views of water added an average of 59% to the value of the waterfront property but that this
effect diminished rapidly as the distance from the coast increased. In addition, they found that
attractive improvements in the immediate surrougsliof a property added another 27% to the

value on average and in contrast, properties in neighborhoods witlgyaldy landscaping

experienced a 51% decrease in price on average (Bourassa et al., 2004).

In summary, ltere is a consensus in the literatilnat transportation infrastructureducegravel
time and costand this correlates positively with property valugishoughtheliteratureonthe
relationship between accessibil{nd proximity)to transportation infrastructure and property
valuesis quite extensivethe impact of urban rail rapid transit statittributes(type9 on

housing values seems to be mainly absent from this area of scholarship.
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3. Methods
This research assesses the effectrbén rail rapid transgtation types ohousingvalues.In
particular, the concern is with whether a monetary benefit is associated with ditexent
types underground, elevatednd grouneevel (or any combination of ésetypeg. As
explained in Chapter this study will be carried out iforonto and Vancouvdyecause of three
reasons: first, in each of these metropolitan areas there has been discussion and debate
concerning which types of urban railways and stations to (@itgt of Toronto, 2016Pagliaro,
2016; Second similarities betwee residential reakstate markets in Toronto and Vancouver
make it possible to compafiadings fromthese twaities(Bank of Canada, 2016liebert,
20117); and third both cities featuranextensive urban rail rapid transit system which include a

varietyof station types.

This researcfocuses orowneroccupied residential property values and does not include other
property types such as commercial, office, or industrial, nor does it look at rental housing. The
decision tauseowneroccupied residentigdropertiesvasmade due to several reasofisst, as
argued in Chapter housing values have always been among the most efficient indexes of the
effects of various planning interventions (such as development of new transit infrastructure) on
theurban emironmentand weltbeing of communitiesSecond, according to Epple, Quintero

and Sieg (2015) housing values and rents are usually closely linked in equiljitiem rent

control is absentbecause the value of the house is given by the expected nettmase of the
discounted stream of rental inconsemilarly, Skaburskis and Moos (2011) argue that rent and
ownership price of a property are interconnected because the ownership price is usually
determined by the expected value of the use of the pyoperd third, as argued by Dubé et al.

(2013), part of the process of financing public transit may include studying the connection
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between accessibility to public transit infrastructure and real estate markets since the former may

generate externalitiesdhare in turn reflected in building values and property taxes.

A quantitative research method allows for the examination of the real estate data in such detail
and on a scale that would not be possible through a qualitative apprwesar.regression wht
Ordinary Least Squaré®LS) and spatial econometric models areployedstatistical methods
widely for measuing the impact of transportation infrastructuretmusing valuedn general,
researchers ugbhreeOLS methods to assess real esfaieesand the factors that influence
them:median pricerepeated sales approach and hedonic price anéD®isey, Mayer &

Wang, 2010)As Mejia, Paez, and Vassallo (2011) adyuwkue to difficulties in gathering the
dataand other limitations such #&se assumion that quality is constant between sales dates
(Dorsey, Mayer & Wang, 2010nedian price ancepeat sales implementations brgs
commonlyusedcompared to hedonic price analy#scordingly, hedonic price analysis was

considered mappropriate metidologyfor this study

Additionally, the hedonicpricappr oach f i t s \lgdctiveofwsoldatimlgthe hi s st u
impact of urban rail rapid transit station characteristigsef) on housing pricesJsing hedonic

price modellingproperty prices aabe decomposed to evaluate the price of various structural,

locational and neighborhood characteristinghe value of the propertyo estimate the implicit

price for each attributg@rice of the propertys modeled as a function of various attribaed

multiple regressioanal ysi s i s used in order to isolate

al, 2013).

According to Yaret al.(2012), because accessibility is capitalized into land and has no influence
on the value of thphysicalstructureof aproperty ideally one would use land values when

conducting a hedonic price analydifowever,becauseairban railrapidtransit israrely built in
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undevelopedreas, there are usually not enough vacant parcels to estimate a model with any
degree of gtistical significance (Yan et al, 201Because land value data is not easily available
in all regions, several studisach as those hyess and Almeida (2001 74)-Mosaind et al.
(1993)andCelik and Yankaya (200%)ave used valuef buildingsinstead(assessed value, sales
price and listing price respectivelyh the case of Toronto and Vancouwtata for land values
wasnot available to the public (at least in ToroAt@ndtherewasnotenough vacant land

parcels in the vicinity of all urban ragépid station type allow building an accurate model. As

a result, values giropertiesvereused in the hedonic pri@nalysis

This chapter is organized to correspond with three main stages: first, Hestegallisting data
used in this study will & discussedSecond a summary oproperty, neighbourhood and location

variables will be offeredand third, the hedonic price modellingethodologywill be discussed.

3.1Data

The first step of the data collection process was to gather data on praeesand housing
characteristicsThe data used in my study was cresstional and in the form of residential real
estate listing prices in Toronto and Vancouver Metropolitan Areas obtained from an online real

estate platform (realtor.c&).

YI'n 2005, MPAC, the Ontario Government and iBeranet Ent
ambitious project that brings assessment, ownership and land parcel data for almost 4.6 million properties into a
standardi ed di git al dat abase. The Ontario ParcelE is avail a
private businessdsut not to individuals

8 Realtor.ca is an advertising website created by The Canadian Real Estate Association (CREAY fieddata

collection stage of this study, wdee only publicly available platform for accessing real estate listings in Canada.

The listing content comes from the various MLS® Systems operated by Real Estate Boards and Associations across
CanadaCREA, 2017. It should be mentioned that a recent ruling by the federal Competition Tribunal ckttpgire

Toronto Real Estate Board to allow broader public access to the past selling prices of properties in its Multiple

Listing Service (MLS) dataQompetition Burea2016).In order to gather the listing information, the data

corresponding to each property listing was exported as a CSV file using a script written in JavaScript. Each listing

was manually converted into HTML and using the script, the listing informatas converted into JSONhe
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Ideally, final sales price or assessed value of the property viawiel been a more accurate
representation for the value of properties included in this study as the listing price decision is not
necessarily final. The seller has the option to set an initial listing,pbserve market reaction

to that price, and then adjust the listing price in resptirssebservedemand for the home

(Knight, 2002).In this study, lhe use of listing prices was dictated by a lack of access to official
databases containing propesgle prices. Several studies such as those by Celik and Yankaya
(2005) and Pan et al. (2014) also used listing prices instead of sales prices due to lack of access

to final sales price data.

When using listing pricesisk of including under or overalued properties in the sample
increasesKnight (2002) observed that the two most important determinants of price revision are
the total length of time the home is marketed and the amount by which the homeigeds
initially. Data regarding changes isting price during h e | marketingipgriodre

available to general public in Toronto and Vancousra result and in order to measure the
variance of listing prices of properties used in this study from actual sales pGoesparison

between werage listing prices and average reported sales prices is offered later in this chapter

Listing information was collected from the website during two selanperiods (one for each
city) between August and October, BOIn total, 814 listings were inaded in the initial stage.
In addition to the asking price, property listings on realtor.ca usually include geographical

information of the property (address and postal caie),characteristics of the property

In order to create a more coherdatabaeg leasehold properties were excluded from this

JSON file was thenonverted into CSV. The final step was to manually merge these CSV files into one single
database.
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study!®According to Wang et al. (2015), a freehold property is likely to show a higher price
compared with a property under leasehold tertfive study by Lazrak et al. (2013) which

focused on the real estaransactions in Zaanstad, Netherlands, also confirmed that houses on
leasehold plots of land sell at a 4.7 % discount rate, a premium homeowners were willing to pay
to reduce uncertaintiRetirement, rental, cooperative and unusual properties (suclaias bo
houses) were also excluded from taabaseThis decision was madecausehese properties
represent a unique type of homeownership and are part of a different segment ofabtateal
market. Listings for which critical information (such as nundfdsedrooms and bathrooms) was

missing were also omitted.

To minimize problems that could arise from extreme values, outlier properties with unusual

prices were also identified and excluded from the database using the interquartile range. In this
studyout | i ers were defined as observations that
IQR. In total, 84 properties in Toronto and 121 properties in Vancouver were excluded from the

database.

The remaining property listings were categorized into three pgsopges: apartment
(condominium), single family and townhou$e Vancouverafter removing leasehold properties
and outliersthe number of remaining townhouse properties 8 not enough fdsuildingan
accurate modelAs a result, these propertiere omitted from theampleln the end, the

remaining properties weenteredn 5 databases according to their type and city: apartment

¥Amongsinglef ami | 'y property listings in Vancouverodnp8 propet
to the Gover nment Strath holsing ig oftes fefer@d tb asrmdndoa qr cofidominiums but there are

many different kinds of strata housing and strata corporations. Single family homes in bare land strata corporations
(Aistrasaosnsldi viThese properties were not omitted from
also be either freehold or |l easehold, 0 the two categor.
20 According to the Province of BritisColumbia, the following differences exist between leasehold and freehold

properties: right to occupy a premise; fees and taxes; buying and ¢Bliitigh Columbia, 2017)
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properties (Toronto, Vancouver), single family properties (Toronto, Vancouver), and Townhouse

properties (Toronto)Table 1 provides a summary of the final number of property listings in each

city.

Tablel: Count of property listings by type and city

Property Type Toronto Vancouver
Single Family 1040 1767
Apartment 2888 2118
Townhouse 347 N/A

Using theaddress angostal code provided itnelistings, eachpropertywas geocoded and

mapped using GIFzigures2 and3 show thespatialdistribution of listings based on dwelling

Figure 2: Distribution of property listings, Toronto

Property Type
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»  Subway Station
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Figure 3: Distribution of property listings, Vancouver
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type in Toronto and Vancouver. The locations of property listingslaown as dots. Housing
units within the same complex have identical geographical coordinates and are displayed with

one indicator (dot). TTGubway and SkyTrain lines and stations are also shown on the maps

Figure 4shows the densityf apartmenand single familylistingsin Toronta Clusters of
apartment propertiegppeamlong Line 1 between Finch and York Mills subway stations and in
the downtown area south of Ble¥onge station. There is a small concentration of aparsnent
along Lake Ontarionl Mimico neighborhood in Etobicoke. While single family property listings
are more evenly spatially distributed, a higher number of sfagldy properties are located
north of Eglinton Avenue, along Lineahd in North YorkAs shown in Figure 5ptvnhotse

properties are more spread out with some concentration around Finch station and in
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Scarborough.

According to Figure 6, Vancouvapartment listings are highly concentrated in the downtown

area with some clusters around the end of each SkyTrain coidst of these clusters match

the location of @ Ur?blacontr&e single fansilypropenties\aree mared u v e r
evenly distributed than apartments across Metro Vancouver, with some concentration in the

suburbs of Surrey and Coquitlam.

21 Urban Centres are transitiented communities with diverse populations, aeaaf employment opportunities,
public spaces, and lively cultural and entertainment amenifieso Vancouver has a network of 26 connected
Urban Centres ranging in size and character. The Metro Core, Surrey Metro Centre and 7 other Regional City
Centresare regionakcaled activity hubs. The smaller, Municifawn Centres are more loes¢rving Centres. All
Urban Centres share common elements of transportation accessibility and planned residential and employment
growth. For a detailed map of Urban Cestrrefer tohttp://www.metrovancouver.org/services/regienal
planning/livableurbancentres/aboutirbancentres/Pagestfiault.aspx
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Figure 4:Density of apartment and single family peoty listings, Toronto. Density calculations al
based on units within 750m radius.
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Figure 5: Density of townhouse properties, Toronto. Density calculations are based on units within 750m
radius
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Figure 6: Density of apartment and single family property listings, Vancouver. Dexaditylations are
based on units within 750m radius




3.2Building, Neighbourhoodand LocationVariables

After finalizing the number of property listings to be included in the datapesgerty
informationsuchasasking pricetype of building, totaliving spaceor landarea number of
bedrooms and bathrooms, numbepresencef parking spacesiumber of floors, and type of

ownershipwas extractefrom eachpropertylisting andenterednto the database

Several studieBave shown that differences iocso-economic characteristics of the
neighbourhoodmpact property valueringer, 1979; King and Mieszkowski, 1973; Downing,
1970).According to Bowes and Ihlanfeldt (2001), proximity to a rail station is of higher value to
low-income residential neighbooods than to higincome residential neighborhoods. The

reason is that because lowecome residents tend to rely on public transit, they attach higher
value to living close to the station (Bowes & lhlanfeldt, 20@81hong various soci@conomic
factors,income usually captures social divisions most effectiv&bcordingly,each property

listing was locatedh a census tragndthe medianincome level o&ll households in 201i& that

census traavasrecorded and entered in the datalf&iatistics Caada, 207).

Thenextstep was to construct a sepamdatabasdor all urban rail rapid transgtations in
Toronto and Vancouver metropolitan areBiis includeds9 TTC subway stations in Toronto

and 53 SkyTrain stations in Vancouver.

To examinethe rdationship between station characteristics and property vale&sls on the
typeof each TTC subway and SkyTrastation were identified through conducting fieldwdioly
visiting the stations and their surrounding area in per@od)analysis on Googtearth. Each
TTC subwaystation was assigned one of the followtgges: undergroundgroundlevel, partly

undergroundpartly groundlevel (Figure7), undergrouncanduncoveredFigure8) andelevated
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while each SkyTrain station waategorized adevated,undergroundgroundlevel,partly

underground and partly elevated (Fig@yeor elevatedbut covered (Figur&O0).

Figure 7: Example of a partly underground, partly grouledel station, aerial and street view, Keel
subway station, Toronto. Source: Goolylaps

36



Figure 8: Example of an underground and uncovered station, aerial and street view, Davisville su
station, Toronto. Source: Googhaps and Googlémages
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Figure 9: Example of a partly underground, partly elevated station, aerial and street view, Columb
SkyTrain Station, Vancouver. Source: Godgkgps
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Figure 10: Example of a elevated and covered statiagrial and street viewNew Westmister
SkyTrain Station, Vancouver. Source: Godgkps and Google Images

o

In addition to stationlypes, other variablesuch as presence of parkiwgrecalculated for

assigned to each statidhis becoming increasingly understood that various stations serve
different but complementary functions within a givesmsitsystem(Atkinson-Palombo, 2010)

Some statior for example, those in downtowns with a high concentration of entertainment and
employmen® are considered destinations while stations aplarking lot are essential to

servicecommutergAtkinson-Palombo, 2010)n order to account for tise differences and to
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also capture differences @aseof accessinghe station using other trangsitodes and
automobile, mformation on number djus routes with arrivals or departures from the statien,

well aspresence of parkingascalculated for each station

The next step was to identify the closest urban rail rapid transit s@i@subwayor

SkyTrain)to each property. Using Euclidean distafctie closest urban rail rapid transit station
was identified for each property in GiSorresponding characteristics of the statitypé

presence of parking and number of bmste arrivals and gharture$ were then assigned to each

property listing and entered in the properties database.

FiguresAl to A15 in the Appendixsectionshow the spatial distribution of property listings in

relation with station type#\s shown in FigureAl to A3, Toronto singldamily properties

closest to groundlevel station were mostly located around the University branch of Line 1,
between Saint Clair West and Sheppard West stations as well as around the eastern end of Line 2
and also south of Line Fheclusters oflTorornto apartment listings in the downtown area as well

as around the first 4 stations on the Yonge branch of Line 1 (Finch to York Mills subway

stations) in North York were closest to underground subway stalioassigning all of the

Toronto apartment ligtgs to the closest TTC subway station, it was founda®#t of listings

were closest to an underground subway station. 10% were closagbima level station, 8%

to an elevated station, 3% to a underground and uncovered subway station, and 2%sesdre c

to a partially underground, partially groutelel stationProperties that were closest to partially

22 How to measure access or distance is a major methodological issue when modelling the effects of transportation
infrastructure on the urban environment. The type of distance measurement would relate to the type of impacts that
are being reseched. Network distance is more accurate in measuring the accessibility effects while Euclidean
(straightline) distance may be more accurate in measuring impacts of noise or air pollution, although those could
also be affected by things like the builtrio (whether there is a "canyon effect") or prevailing winds. While some
authors such as Guttierez and Gafeeomares (2008) have argued that network distance is a more accurate
measurement of transit services areas, others have countered that thesecdifare not large enough to justify the
additional effort and data needed to calculate network distances (Guerra, Cervero & Tischletn2bé 2yterest

of resources, Euclidean distance was used in this study.
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underground, partially groudeével statios were located close to the western end of Line 2.
Similar to apartment listingshe pattern of dots peesenting single family houses showed a
concentration ofistingsthat were closest to an underground but uncovered staiareen
Eglinton and BloofYonge subway statior{&igures A4 to A6). After assigning all of the

Toronto single family property listings tbe closest TTC subway statidhwas found thad0%

of listingswere closest to an underground subway station, 37¥%eai were closest to a street
level station, 12% to an elevated station, 9% to a partially underground and partially-ground

level staton, and 2% were closest to an underground but uncovered station.

As shown in FigureA7 to A9 although a smaller number townhouse properties with the same
station type appear on the majstdbution ofproperties sharing a similar station tyjpe listed
townhouses in Toronto was similar to those of apartmdiits majority (53%) of Toronto
townhouses were closest to an underground subway station, 24% were closest tdeaaitreet
station, 18% were closest to an elevated station, 2% to an underground beredcbation and

2% were closest to a partially underground and partially gréewel station.

As demonstrated in Figus@ 10 to A12 apartment units located in downtown Vancouver were
closest to an underground SkyTrain station. Properties located along ttie Isét@teen

downtown and New Westminster, across the southern pltillehnium Line, were closest to

an elevated SkyTrain station. Similarly, around the end of the Expo Line in Surrey, Canada Line
in Richmond, and Evergreen line in Coquitlam were areasevlipartments were closest to an
elevated station. In addition, there wemaall cluster®f apartments that were closest to an

elevated but covered as well as a partially underground, partially elevated stations in downtown
(around StadiurChinatown SkyTain station) and on the border of N&Westminster and

Surrey (New Westminster and Columbia SkyTrain statiddsall the Vancouver apartment
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listingsincluded in the databas@4% were closest to an elevated SkyTrain stat&&i% were
closest to an undground station, 5%vere closesto a partially undergrounandpartially
elevatedstation 4% were closesto an elevated but covered station and only 1% weresthuse

a streefevel SkyTrain station.

Figures A13 to A15 shows the spatial distribution of sindéemily properties in Vancouver in
relation tostationtypes 86% of single family property listings were closest to an elevated
SkyTrain station, 6% were closest to an underground station, 5% to an elevated but covered

station, 2% to a streétvel and ony 1% to a partially underground partially elevated station.

Several approaches have been prop&secheasuringand represeirtg distance to
transportation infrastructura spatialmodels. One of the methods @sinclude a variable for
distancebetweerthe property and thigansportationnfrastructurgstations in the case of this
study) In this methodthe distance between the property andsthéionis measured anentered
in thedatabasas a continuous variab{Piao & Ferreira, 2010)Another méhtod is to use buffer
zones or catchment areas around the transit stétiohis methodgconcentric geometrical
shapes (sually circles) with decreasiragtraction factorgor increasing attraction factors where
negative externalities exisdyebuilt araund each statio(Pagliara & Papa, 2011fach property
is then assigned a dummgdeaccording to the buffer it is located in ané tummy variable is
enteredn thedatabaseBecause there is no consensus in the literature about which method is
more acarate or efficientin thisstudy, bothvariablegdistance and bufferyere calculated and

included in the databas€hese variables were included in separate models.

To calculatehe distance variabl&uclidean distance from each property listing ® ¢losest

TTC subway or SkyTrain station was measured in GlSaadi@do the databasd.o calculate
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the buffer zonesariable three concentric circles were created around €achsubway and
SkyTrain station: the first buffer included properties whichenecated within a catchment of

800 meters ofhe station. The second buffer contained properties that were within 800 and 1600
meters othestation and third buffer included properties that were beyond 1600 methes of
station. Each property listingas then assigneddammycode(first, second, othird) according

to the buffer it was located in.

To account footherlocation(and accessibilitygharacteristicghat couldimpactproperty

values the following spatial information waasocalculated ér eachpropertyand included in
thedatabaseEuclidean distance to the closest TTC and SkyTirairk (to account for properties
that are close to the tracks but far from a statiBaylidean distance toeight (major)railway 23
Euclidean distance thé closest regional transitation(GO Transit in Toronto and West Coast
Express in Vancouvé (to capture accessibility) and exposed regional transit track (to capture
nuisance)Euclidean distance to closestpresswayamp(to account for the accessity

provided by the expresswaygnd closestxpresswaygection(to account for negative
externalitiescreated by automobikeaffic), and Euclideanlistancefrom the property to a central
point in the Central Business District (identified as the taliedtiing in each metropolitan area

which are currently the First Canadian Place in Toronto and SHamgtotel in Vancouver}?

23 Major Railway is designated for tifiast, long distance, intgarovincial movement of cargo or passenger trains
(City of Toronto, 2017. Euclidean distance to exposed railway track was assumed to correspond with negative
externalities such asbration,air and noise pollutiorin thisstudy | will use the terms major railway and freight

rail interchangeably.

24Owned by Metrolinx, GO Transit is the regional public transit network of the Greater Toronto and Hamilton Area
and is a network of commuter train and bus lines. These routes psevidee in the area stretching from Hamilton
and KitcheneiWaterloo in the west to Newcastle and Peterborough in the east, and from Orangeville, Barrie and
Beaverton in the north to Niagara Falls in the south (Metrolinx, 2018).West Coast Express iotia raif) service

for the Lower Mainland in British Columbia and is owned by TransLink. It operates between Vancouver and
Mission and has eight stations (TransLink, 2018).

25 The decisionto assume a monocentric city mogels made for the sake of simjitjcand because identifying
centers other than CBD was beyond the resources available for this study.
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For properties located in Toronto, Euclidean distance to the shoreline of Lake Ontario was also

calculated and included in tidatabasé®

Using ratings from walkscore.comaah property was assigned a Walk Score and Bike Score in
order toevaluatehe walkability andicycle-friendlinessof the areasurrounding the property

Walk Score is a number betweear@d100 and measureld walkability of any address. For

each address, points are awarded based on the distance to amenities in each category. Amenities
within a 5 minute walk400 metersare given maximum points. A decay function is used to give
points to more distant amem@$, with no points given after a 30 minute walk. Walk Score also
measures pedestrian friendliness by analyzing population density and road metrics such as block
length and intersection density. Data sources include Google, Education.com, Open Street Map,
and places added by the Walk Score user community (8adke, 2017)Similarly, Bike Score
measures whether a location is good for biking on a scale fiof©0 This measure is based on

the following components: presencebdfe lanes and hills, destimans and road connectivity,

and bike commuting mode share (Walk Score, 2018).

The following tables provide a summary of the information that was discussed in this section.
Table 2 provides a detailed description of all the variables included in the stughch property
type in each cityas well as the source of the data or the calculation methodTied®ds 3 to 7
summarize the descriptive statistics of quantitative variables that were includedatahase

for each property type in each city.

%61n the case of’ancouvey due to the special geography of the region and presence of different shorelines, this
variable was not included in the model
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Table 2: Summary of variables included in the database

Variable Description Type Property Type and City  Source of Data
Number of bedrooms Number of bedrooms in the property Quantitative All Property listing
Number of bathrooms Number of bathrooms in the property Quantitative All Property listing
Land area (sqm) Land area of the property Quantitative Single family-Toronto Cacluated in GIS using City of Toronto Proper

Living area (sqm)

Number of floors
Parking space
Ownership
Listing price ($)

Natural log of listing price
Distance to CBD (m)

Townhouse-Toronto

Interior size of property Quantitative Apartment-Vancouver
Single family-Vancouver

Number of floors Quantitative Single family-Toronto
Townhouse-Toronto
Number or availbility of parking space Quantitative (Toronto properties) and All

for each property Categorical (Vancouver properties)

Ownership of property Categorical: Townhouse-Toronto
Freehold or Condominium

Listing price of the property Quantitative All

Natural log of listing price Quantitative All

Euclidean distance from property listincQuantitative All

to First Canadian Place in Toronto
(Toronto properties) and Shangri La
Hotel in Vancouver (Vancouver

properties)
Closest TTC Subway Station Name of closest TTC Subway Station Categorical Apartment-Toronto
Single family-Toronto
Townhouse-Toronto
Alignment of closest TTC Subway Station Alignment of the closest TTC Subway Categorical: Apartment-Toronto
Station Ground-level, Underground, Elevated Single family-Toronto
Underground but uncovered, Partly Townhouse-Toronto
ground level-partly underground
Distance to closest TTC Subway Station (nBuclidean distance from property to  Quantitative Apartment-Toronto
closest TTC Subway Station Single family-Toronto

Distance to TTC Line (m)

Closest SkyTrain Station

Alignment of closest SkyTrain Station

Townhouse-Toronto
Euclidean distance from propertyto  Quantitative
closest TTC subway line

Name of closest SkyTrain Station Categorical Apartment-Vancouver
Single family-Vancouver

Alignment of the closest SkyTrain Stati@ategorical: Apartment-Vancouver
Ground-level, Underground, Elevated Single family-Vancouver
Elevated but covered, Partly elevated-
partly underground

Boundaries File

Property listing

Property listing
Property listing
Property listing

Property listing
Calculated in Excel using listing price
Calculated in GIS

Calculated in GIS using TTC Subway Shapefile

Measured using Google Earth, Google Maps, ¢
fieldwork analysis

Calculated in GIS using TTC Subway Shapefil¢

Calculated in GIS using TTC Subway Shapefil¢

Calculated in GIS using SkyTrain Shapefiles

Measured using Google Earth, Google Maps, ¢
fieldwork analysis
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Variable Description Type Property Type and City Source of Data

Distance to SkyTrain Station (m) Euclidean distance from property to  Quantitative Apartment-Vancouver  Calculated in GIS using SkyTrain Shapefiles
closest SkyTrain Station Single family-Vancouver

Distance to SkyTrain rail (m) Euclidean distance from property to  Quantitative Apartment-Vancouver  Calculated in GIS using National Railway

Buffer

Distance to GO Stop (m)

Distance to GO rail (m)

closest exposed section of SkyTrain tri

Buffer in which the property is located Categorical:

Euclidean distance from property to
closest GO Transit Stop

Euclidean distance from property to
closest GO Transit track

Distance to West Coast Express Station (mfEuclidean distance from property to

Distance to WCE rail (m)

Distance to freight rail

Distance to expressway (m)

Distance to expressway ramp (m)

Number of bus routes

Walk Score

Bike Score

Median household income of CT ($)

closest WCE Station
Euclidean distance from property to
closest WCE track

Euclidean distance from property to
closest heavy railway track

Euclidean distance from property to
closest expressway

Euclidean distance from property to
closest expressway ramp

Number of bus routes with arrival or

departure from the closest TTC Subwze

Station (Toronto properties) and

SkyTrain Station (Vancouver propertie

Walk Score for the location of the
property
Bike Score for the location of the
property

First (if property located closer than 2!
m from the closest TTC Subway or
SkyTrain Station)

Second (if property located between 2
m and 750 m from the closest TTC
Subway or SkyTrain Station)

Third (if property located further than
750 m from the closest TTC Subway ¢
SkyTrain Station)

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Median household income of the censiQuantitative

tract in which the property is located

Single family-Vancouver

All

Apartment-Toronto
Single family-Toronto
Townhouse-Toronto
Apartment-Toronto
Single family-Toronto
Townhouse-Toronto
Apartment-Vancouver
Single family-Vancouver
Apartment-Vancouver
Single family-Vancouver

All

All

All

All

All

All

All

Network - NRWN - GeoBase Series
Calculated in Excel using distance to closest T’
Subway Station (Toronto properties) an distan

to closest SkyTrain Station (Vancouver
properties)

Calculated in GIS

Calculated in GIS using National Railway
Network - NRWN - GeoBase Series
Calculated in GIS

Calculated in GIS using National Railway
Network - NRWN - GeoBase Series

Calculated in GIS using National Railway
Network - NRWN - GeoBase Series

Calculated in GIS using Statistics Canada's Ro
Network File

Calculated in GIS using Statistics Canada's Ro
Network File

Calculated using route information from TTC a
TransLink websites

Walk Score website

Walk Score website

Each property was assigned to a Census Trac
GIS using 2016 Census Tract Boundary Files.

Income from Census Tract Profile-Statistics
Canada 2016 Census
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Table3: Summary of quantitative variables, Toronto single family properties

Variable Mean St. Dev. Minimum Maximum
Number of bedrooms 4.66 1.57 0.00 12.00
Number of bathrooms 3.76 2.00 1.00 13.00
Number of floors 1.80 0.60 1.00 3.00
Listing price ($) 1,941,760.0C 2,243,180,000.0( 389,000.00 19,500,000.00
Natural log oflisting price 14.13 0.75 12.87 16.79
Number of parking spaces 4.09 2.51 1.00 20.0
Land area (sgm) 1,329.21 3,186,722.00 77.00 45,276.00
Distance to CBD (m) 11,785.87 4,902.70 1,220.44 26,009.53
Distance to TTC Subway Station (m  2,312.09 1,630.79 83.32 8,522.07
Distance to TTQ.ine (m) 2,228.06 1,670.53 2.47 8,502.24
Distance taGO Stop (m) 2,054.02 1,100.64 147.13 5,410.37
Distance to GO rail (m) 1,421.77 1,186.63 0.64 6,452.40
Distance to freight ralil 1,408.41 1,076.84 12.57 4,778.63
Distance to expressway (m) 2,269.90 1,440.76 33.22 7,553.37
Distance to Expressway ramp (m) 2,329.07 1,457.31 38.29 7,897.46
Distance to shoreline (m) 7,346.18 4,591.90 10.99 17,229.70
Number of bus routes 8.79 10.90 0.00 45.00
Walk Score 62.15 20.73 1.00 99.00
Bike Score 66.66 18.76 24.00 100.00
Median Household Income of CT (§ 84,303.9 40,870.71 22,208.00 289,792.00
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Table4: Summary ofjuantitativevariables Torontoapartmentproperties

Variable Mean St. Dev. Minimum Maximum
Number of bedrooms 1.94 0.77 0.00 6.00
Number of bathrooms 1.56 0.65 1.00 5.00
Number of floors 1.02 0.13 1.00 3.00
Listing price ($) 563,231.00 758,119.40 60,000.00 14,900,000.00
Natural log oflisting price 13.03 0.54 11.00 16.52
Number of parking spaces 1.12 0.38 0.00 4.00
Distance to CBD (m) 7,947.68 6,174.29 164.40 22,126.47
Distance to TTC Subway Station (m 1,226.92 1,294.90 20.53 6,929.97
Distance to TTQ.ine (m) 1,142.31 1,317.96 0.02 6,923.37
Distance to GO Stop (m) 1,498.47 1,201.04 14.41 5,504.05
Distance to GO rail (m) 1,179.20 1,305.45 0.19 5,414.58
Distance torfeight rail 1,160.77 1,159.12 1.09 4,648.96
Distance to expressway (m) 1,211.94 1,108.95 27.40 5,998.80
Distance to Expressway ramp (m)  1,196.50 115.40 12.43 6,036.40
Distance to shoreline (m) 5,555.88 5,271.79 41.81 17,718.05
Number of bus routes 10.79 14.92 0.00 65.00
Walk Score 83.85 16.31 14.00 100.00
Bike Score 71.27 18.75 26.00 100.00
Median household income of CT ($ 67,805.43 18,278.94 22,208.00 235,776.00
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Table5: Summary of quantitative variables, Toromavnhouseproperties

Variable Mean St. Dev. Minimum Maximum
Number of bedrooms 3,182.00 0.99 0.00 8.00
Number of bathrooms 2.57 0.85 1.00 5.00
Number of Floors 2.00 0.82 1.00 3.00
Listing price ($) 736,884.60 569,737.90 99,000.00 6,250,000.00
Natural log 6 listing price 13.33 0.57 11.50 15.65
Number of parking spaces 1.37 0.57 1.00 5.00
Distance to CBD (m) 11,752.17 6,377.27 726.72 23,875.53
Distance to TTC Subway Station (m) 2,217.56 1,665.69 81.51 6,814.46
Distance to TTQ.ine (M) 2,144.31 1,707.44 650.00 6,767.09
Distance to GO Stop (m) 1,897.93 1,159.96 55.90 5,216.05
Distance to GO rail (m) 1,461.34 1,408.96 2.08 6,252.18
Distance to freight ralil 1,289.17 1,094.45 9.94 4,087.20
Distance to expressway (m) 1,877.39 1,244.20 38.78 6,011.18
Distance to Expressway ramp (m) 1,917.47 1,318.05 30.92 6,395.51
Distance to shoreline (m) 6,795.68  4,878.75 69.38 16,358.09
Number of bus routes 8.34 12.16 0.00 65.00
Walk Score 72.97 19.25 8.00 100.00
Bike Score 68.62 18.74 30.00 100.00
Median househdlincome of CT ($) 69,081.45 25,025.96 25,736.00 198,656.00
Table6: Summary of quantitative variables, Vancouver single family properties
Variable Mean St. Dev. Minimum Maximum
Number of bedrooms 4.40 1.53 0.00 11.00
Number ofbathrooms 2,931.00 1,319.00 1.00 8.00
Listing price ($) 1,137,128.00 299,377.00 299,000.00 16,00,000.00
Natural log of listing price 13.91 0.28 12.61 14.29
Distance to CBD (m) 18,241.00 7,606.90 2,483.71 34,277.20
Distance to SkyTrain Station (m) 2,65041 1,884.07 123.13 12,665.11
Distance to SkyTrain rail (m) 2,502.82 1,907.28 30.77 12,487.91
Distance to WCE Station (m) 8,030.56 4,011.19 221.88 16,861.71
Distance to WCE rail (m) 6,885.22 4,435.56 39.72 16,876.32
Distance to freight rail 1,573.26 1,089.00 25.61 5,491.78
Distance to expressway (m) 2,161.52 1,538.04 33.60 8,441.80
Distance to Expressway ramp (m) 1,430.73 870.74 31.60 5,766.39
Number of bus routes 7.68 4.87 1.00 21.00
Walk Score 52.22 21.94 0.00 98.00
Bike Score 60.25 26.37 0.00 100.00
Median household income of CT ($ 79,406.98 17,092.00 33,920.00 145,481.00
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Table7: Summary of quantitative variables, Vancouver apartment properties

Variable Mean St. Dev. Minimum Maximum
Number of bedrooms 1.65 0.62 0.00 4.00
Number of bathrooms 1.57 0.54 1.00 4.00
Living space (sgm) 76.82 22.66 17.82 234.45
Listing price ($) 580,613.60 279,664.20  99,900.00 1,600,000.00
Natural log of listing price 13.16 0.47 11.51 14.29
Distance to CBD (m) 11,444.64 8,350.44 21.43 32,495.01
Distance to SkyTrain Station (m) 1,289.91 1,666.90 13.17 10,174.27
Distance to SkyTrain rail (m) 1,161.27 1,687.14 1.08 10,190.53
Distance to WCE Station (m) 6,333.42 4,396.59 161.95 15,941.78
Distance to WCE rail (m) 5,537.41 4,295.00 20.54 15,941.48
Distance to freight ralil 1,182.93 910.68 1.09 5,773.14
Distance to expressway (m) 3,169.64 2,053.93 38.40 10,080.00
Distance to Expressway ramp (m)  1,110.96 845.72 18.19 3,824.32
Number of bus routes 7.25 5.73 1.00 30.00
Walk Score 81.89 16.88 10.00 100.00
Bike Score 79.99 19.03 3.00 100.00

Median household income of CT ($ 62,713.24 16,772.31 17,051.00 114,624.00

In order tomeasurehe variance of listing pricesf properties used in this stuftpm actual sales
prices, the averagsles prices for each property type in each city was calculabed the final
sales price data provided by Toronto and Vancouverastate board#\s summarized bthe
Toronto ReaEstate Board, the average sales price for detached andlstmhed rdential
properties in Toronto in 2016 w&4,045,67(TREB, 20B). This average is considerably lower
than the average price of single family properties in the s&niplethis difference was smaller
when compared with naganof listing prices The averge price for apartments wég42,669

and the average price for townhouse properties was $622,B&B( 20B). According to the
Real Estate Board of the Greater Vancouver Area, the average sales price for detached

residential properties in Vancouver in1B8was$1,053,995The average price for apartments

27 Although this variance could be randamddue to timeperiodthe sampleropertiesveregathered, the exact
reason behind this difference could not be detected.
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was $490,965REBGV, 20B).

3.3 Statistical ModHing: Hedonic Price Analysis

The methodological approach for this study is hedonic price analysgamethod was

devel oped part |l y( 1Ib%6s6e)d aorng uLnaenncta sttheatdési [ t ] he gc
utility to the consumer; it possesses charact
(p. 134). It became a central tool in economic analysis with a seminal article by Rosen (1974)

who argued that the functional relationship between the price of a differentiated product and its
attributes can be interpreted as an equilibrium outcome from the interactions between all the

buyers and sellers in a market (Rosen, 1974). Under the assusmititis model, regressing
product prices on their attri butogpayforan r eveal
individual attributes of a differentiated pro
used to assess the monetary implications ofigbain goods and services that are not explicitly

traded in formal markets, but are conveyed through the choice of a property (Kuminoff,

Parmeter, & Pope€010).Today, the hedonic price model is among the most widely used tools

for assessing the econonmepacts of policies that target the supply of environmental amenities

(and disamenities) (Kuminofet al, 2010).

Using a hedonic price model and assuming that houses are valued by consumers for their several
attributes, property values can then be dgoosed into various components to estimate what
proportion of the price is due to each particular attridfit@e consider a residential property to
comprise a bundle of attributes, then the implicit prices of these different attributes can be
measuredisng hedonic price modellind.ike ordinary prices, these implicit prices reveal the

marginal willingnesgo-pay of consumers (Lazrak et al, 2013).
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3.3.1 LogLinear form

Most empirical studies dealing with hedonic price modelling use-dregr form whit was

found to behemost suitable choice in several situations (Dubé et al., 2018)e loglinear

form, the log of the dependent variable is regressed against linear explgmatependent)
variables|In this study, he semilogarithmic regressiomodel proved a considerably better fit
than a linear regressidarm in all the models developed for Toronto anancouver Given the
semtlogarithmic formthe coefficients are interpreted as the percent change in the dependent

variable with a one unit arease (or decrease) in tivadependenvariable.

3.3.2 Independent variables

The hedonic price model in this thesis uses three categories of independent variables together
with the dependent variable of asking pricenverted tats logarithm form) chaacteristicsof
the housing structur@eighbourhooaharacteristis, andcharacteristics of the housing location
Control variables related twousing structurencluded total number of bedroopraumber of
bathroomsliving area, number dftories (numbeof floors), number of parking spots @arhether
the property has parking or not (binary variabl@d areaor living spaceand ownership type
Neighbourhood characteristic includeedianhouseholdncomein 2016 of the census traan
which the propertyvaslocated while characteristics of the location of the housing included
distance tahe CBD, typeof the closest TTC subway or SkyTrain statiBoglidean distance to
nearesfT TC subway or SkyTraistation andrack number obusdepartures from thatation
andwhether the station has parkiagnot Euclidean distance to the closest regional transit
station Euclidean distance to the closestnmuter rail track or freight railway trackuclidean
distance to the nearestpresswayampand to the classtexpresswagection, andalk Score
andBike Scoreof the property listing
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Using trese guidelines, | built medonic regression model as follows:
In(P) =U+ FyS + BoiNi+ Blimlmi+

Where

P is the dependent variabdé the listed price for property i;

U, d, b, andngtegressiom coefficientse s pond
S is a vector o$tructurecharacteristics

N is a vector of neighborhood attributes

L is a vector ofocation attributes

and
* is a normally distributed randoatror.

Oneof theobjectives of this study was taalculae the relationship between urban rail rapid
transitstationtypesandthe value ofpartmentssingle familyhousesandtownhousesn

Toronto and Vancouveil his was achieved through using three separate mimdedach one of

the property databaséach property type in each citylat wereexplained irsection 3.1The

need for using different models for different propdytyes was suggested by Duncan (2008)
who compared effects of rail transit on different types of residential properties (condominiums
and singlefamily homes). His findings suggested that proximity to a rail station had a much
greater impact on condominiurtisan it did on singldamily homes in both raw dollar amount
and percentage ternfBuncan, 2008)The premium for single family homes was within the

range generally found in the literature (>10%) whereas the premium for condos was on the very
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high end ofwhat has been reported previously (Duncan, 2008). These findings highlighted the
need for using separate models for different types of residential properties in order to minimize

research error.

Additionally, to account for distance to the closest TTGasuybor SkyTrain station, two sets of
models (one using the distance variable and one using the buffer variable) were used for each
property type in each city. As explained in secBa?) this was to test whether the impact of
proximity to a rail rapid trasit station on housing prices was best explained using the distance or

buffer zone method.

The final step of the process was to analyze the data using the R sdfwareronto and
Vancouver combined’0 models were testédfore the best performingiffer and distance

modek wereselected for each property typeeach city

Following Belsley et al. (1980a variety of regression diagnostic tests were performed on the

models in order to check whether any of the regression assumptions had beed.lolat
analyzingspatialdata, it is often necessary to determine whether or not identifiable spatial

patterns exist. In relation to property values, this means investigating waethtr what extent

properties with similar values are clustered togeithnepace There are many ways to test for the

existence of such patterns; among the most wigighfiedi s Mor ands | statistic
test the null hypothesis thtitere is no spatial avimorrelation If the null hypothesis is rejected,

the varable is said to be spatially autocorrelated the variable is correlated with itself through
spacqOrd & Getis, 1995)In this studyMor andés | wammopeartalistgrdluest ed f or
using weight matrice® quantify spatial autocorrelati@nd itsstrength Table8 presents results

f or Mor an 6 swhichweracbnosputédariR. In gemeyal, atatistically significant and
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positive coefficient indicates the dominance of similarity in spatial vatwesx{stence ohigh-
value clustering or lowalue clustering), and a statistically significant negative coefficient

indicates the dominance of dissimilarity between neighboring re@rsg & Lin, 2007).

As shown in Figures Al to ¥5, the concentration of stations with the same type increases the
probability of spatial autgcorrelation among the properties included in the mddsile 8
demonstrates th#fhe observed values fvio r a rar@ statidtically significant andnge

between 0.0 and 0.25suggesnhg that the null hypothesis of no spataitocorrelation aabe
rejected However thepositivespatial autocorrelation is relatively weakmostproperty types

and does not present major concerns in terms of reliability of model findings

Table8: Moran's | calculationsToronto and Vancouver property listings

City-Property Type Observed Expected St. Dev. P Value
TorontoApartment 0.06961 -0.00035 0.0061 <0.0001
ToronteSingle Family 0.158639 -0.00096 0.00379 <0.0001
ToronteTownhouse 0.132117 -0.00289 0.00434 < 00001
VancouverApartment 0.177212 -0.00047 0.000859 < 0.0001
VancouverSingle Family 0.25415 -0.00057 0.003375 <0.0001

Furthermoreyariance inflation factors (VIFs) werlculated in Ro testfor multicollinearity
betweerexplanatory variables. Lowalues for VIFsuggestittle or no multicollinearity within

the explanatory variableghile a high VIF value suggested a high multicollinearity. When a high
VIF value was observethe violatingvariables were removddom the modelThis, along with

thefindings of the final hedonic price modeis explainedn detailin Chapter 4.
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4. Results
This chapter begins lyresentinghe final results from th&0 finalhedonic price models. The
last section offers a detailed analysis of the relationship betwban rail rapid transit station

typesand property listing pricassing the findings from the final models

4.1 Model Results

4.1.1 Apartment Property Listings

In total, 16 hedonic price models were developed for aparsirefibronto before one final

modelwith the distance variable and owéh the buffervariablewere selectedn the final

model with the distance variabkfter conducting the Variance Inflation Factors (VIF) test
wasobserved that distance to TTGbsvaystationand distance tolosest TTC rail section,

distance to closest expressway and distance to closest expressway ramp, as well as distance to
downtown Toronto and distance to shoreline (Lake Ontario) were multicollinear. Consequently,
these variables were removed individuahd the model which showed a better goodness of fit

was selected. In this process, number of bus departures, distance to the closest GO rail section as
well as number of floors variables did not show the expected pattern (were statistically

insignificant aad/or wrongsided) and were omitted from the final model.

As shownin TableA1l in the Appendix sectigrthe following variables proved to be statistically
significant in the final distance model for apartment listings in Toronto: number of bathrooms,
numker of bedroomgglistance to nearest TTC subway statigpe of the closest TTC subway
station, distance to downtown Toronto, distance to the neareStason, distance to the closest
expresswasgection distance to the closest major railway section,thaed?05 median

household income for the census tract the property is located in. With an adjtstdeRof
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0.727 this model was able to predict 73% of the variation idé¢pendant variabl@vhich is

considered a high fit).

TableA2 shows the resudtfor the final model of apartments in Toronto usingtiniéer

variable. The adjusted?Ralue was 0.72%nly slightly lower than the distance model. Number
of bedrooms, number of bathrooms, TTC subway stayiog TTC subway statiobuffer

dummy, distace to downtown Toronto, distance to the closest expiosigtht rail sectionBike
Scoreof the property as well as median household income i6 @@te statistically significant
and rightsided. Distance to the closest GO Stop was statistically signtitoca in the opposite
direction than expected. In both models (distance and bifffaly Scoreof the property was
right-sided but was not statistically significant. Although insignificantMitedk Scorevariable

was not eliminated from the final modélscause of its righgidedness as well as its ability to
capture various neighborhood characteristics that would otherwise not be represented in the

model?®

In the final distance model for Toronto apartments, distance to the closest TTC subway station
wasstatistically significant. Its coefficient 80.0001 indicated that with a 1 meter increase in an
apartment 6s distance to the closest TTC subwa
was expected to drop by 0.01%. In the final buffer mooleTbronto apartments, both categories

of the buffer variable were statistically significafihis means thatpartment listings that were

located in thesecondbuffer (i.e. were between 800 and 1600 meters of a TTC Subway station)

were 12% cheaper thanapment listings that were located in fivst buffer (i.e. 800 meter or

less than away from a TTC Subway statigkgartments that werecated more than 1600

meters away from a TTC Subway station were expected to have a 25% cheaper listing price than

28 Using a fully specified model that is consistent with theory is common in hedonic pritsingoeven if variable
estimates do not always meet a strict definition atistical significance (Bartik1988).
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apartments located ithefirst buffer.

Similar to Toronto, two sets of modé€tsne using the distance variable and one wittbtiféer
variable)were usedor each property typm Vancouver For Vancouver apartmentss models

were tested and the béato models were chosen. the model using thdistancevariable the

VIF test indicated that the following variables were highly multicollinear: distance to the closest
West Coast Express rail section and distance to the closest West Coast Express statioa, di

to the closest expressway and distance to the closest expressway ramp, as well as distance to the
closest SkyTrain station and distance to the closest SkyTrain rail séettbe.model with the

buffer variable, ariables for distance to West Co&sipress rail and West Coast Express station,

as well as the buffer dummy and distance to SkyTrain rail were mghiltycollinear These

variables were removed one at a time and the most suitable models were selected. In process of
determining the besttfithe following variables were proved to be statistically insignificant and
were removed from the final models: distance to the closest major railway, number of bus

departures from the closest SkyTrain station, as wéilkaes Scoreof the property.

As shown in table A3, \ith the adjusted Rvalue of 0.723, the final model for Vancouver
apartment listingsising the distance variabheas able to explain 72% of variation in the
dependant variablén this model, the following variables proved statisticalbnificant: number
of bathrooms, number of bedrooms, living spagee of the closest SkyTrain Station, distance
to closest SkyTrain station, distance to the closest expressway ramp, distance to downtown
Vancouver, distance to the closest West CoastdssmtationyWalk Scoreof the property and

the 205 median household income.

Results of the final model for Vancouver apartments using the buffer variable are summarized in
table A4. Thisnodel had an adjusted Ralue of 0.73, meaning that the model \aag to
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explain 73% of the variation in tltependent variabld@ he variables number of bathrooms,
number of bedrooms, living space, SkyTrain statyge, buffer dummies, distance to closest
expressway, distance to downtown Vancouver, distancetoclvsedsi st at i oWalk proper

Scoreand 205 median household income were statistically significant and-sigled.

In the distance model for Vancouver apartment listings, the variable representing distance to the
closest SkyTrain station was statistigaignificant. With each 1 meter increase in distance to
nearest SkyTrain station, apartment properties were expected to be listed at a 0.002% lower
price.In the final buffer model for Vancouver apartments, both levels of the buffer variable were
statistcally significant. Apartment listings located in tsecondbuffer (i.e. between 800 and

1600 meters from the closest SkyTrain station) were 6.3% cheaper than apartments located in the
first buffer (i.e. less than 800 meters from a SkyTrain Station). tApgaats that were more than

1600 meters away from the closest SkyTrain Statioind(buffer) were expected to be 14%

cheaper than apartments listings located irfitsebuffer.

4.1.2 Single Family Property Listings

In total, 14 models were developed dested for single family properties in Toromteforetwo

final modes usingthe distance variablendthe buffer variable were selecta¢ariablesdistance

to closest expressway and closest expressway ramp as well as distance to closest TTC subway
stationand distance to closest TTC rail were multicollinear. These variables were one by one
removed from the model and the best model was selected. In the process of testing for the best
model, the following observations were maad@mber of bedrooms did not ferm as expected.

It was statistically insignificant and had a negative value. Number of bus departd&ike

Score of the property were statistically insignificant aredleremoved from the final models.
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Table A6 shows the results of the final modef single family houses in Toronto using distance
to the closesT TC subwaystation. In the final model, the following variables proved significant
and rightsided: number of bathrooms, land area, TTC Subway Stgpendistance to the

nearest TTC Subwastation, distance to downtown Toronto, distance to closest major railway
section and number of bus departures from the closest TTC Subway station. Number of floors
was rightsided but not statistically significant whialk Scoreand distance to closeSO Rail
section were statistically significant but wresigled.The 0.75 Rvalue demonstrates that 75%

of the variation irthe dependent variabt®uld be explained using this model.

When using the buffer varialsimilar to thedistancemodel,the find modelfor single family
properties in Torontwas able to explain 75% of variation in thependent variablés
summarized in table & this model provided the following results: variables number of
bathrooms, land area, TTC Subway statige, buffercategory distance to downtown Toronto,
distance to the closest expressway ramp, distance to the closest exposed major rail section,
number of bus departures from the closest TTC Subway station aédn2dian household
income were statistically significaand rightsided. Distance to the closest GO Stop andr&lO
section as well ag/alk Scoreof the property were statistically significant but their direction was

the opposite of what was expected.

In the final distance model for single family propeisfihgs in Toronto, the variable for distance

to theclosest TTGsubway station wastatisticallysignificant. Its coefficient indicated that with
addition of each 1 meter to distance to the closest subway station, the listing price of the single
family home was expected to drop by 0.004% in average. In the final buffer model for Toronto
single family property listings, both buffer categories were statistically signifiargle family

houses that were locatbdtween 800 to 1600 meters from a TTC substagionwere 10.9%
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cheaper than properties locateds than 800 meters from a subvgggtion On the other hand,
houses that were more than 1600 meters away from a TTC Subway station were in average listed

at 16.9% cheaper listing prices.

Whenmodellingsingle family properties in Vancouver, 12 models were developed and tested.
Variables distance to ¥étCoastExpress ail and WestCoastExpressstation as well as distance
to SkyTrain station and distance to SkyTrain rail were multicollinear. These esriable one

by one removed from the model and the best two models were selected.

The adjusted Rvalue forthe final model for Vancouver single family propertiesng the

distance variablendicated that the model explained 60% of the variatichendgendent

variable As demonstrated ifableA7, the following variables were statistically significant and
right sided in the final model: ownership type (strata and freehold), number of bathrooms, living
space, SkyTrain statidgpe (except for thepartialy undergrounepartially devatedtype),

distance to the closest SkyTrain station, distance to the closest major rail section, distance to
expresswagectionandexpresswayamp, distance to downtown Vancouver, distandbeo
closestWest CoasExpressstation,Walk Scoreof the property and the 26 median household
income for that census tract. The variaBike Scorewasstaticallysignificant but did not

perform in the expected direction.

As shown inTable A8, in the final model for Vancouver singlarhily houses using the buffer
variable,ownership type (strata and freehold), number of bathrooms, living space, SkyTrain
station elevation (expect for the UG/Elevated dummy), buffer dummies, distance to major ralil
section, distance to expressway and higyhwamp, distance to downtown Vancouver, distance to
WCE stationWalk Scoreand 206 median household income were statistically significant and
right sided in the final buffer model single family property listings. The variible Scorewvas
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statisticaly significant but did not perform in the expected direction. The adjustedli:

indicates that the model explained 61% of the variation inépendent variable

In the final distance model for Vancouver single family properties, the variable fanchksto

the closest SkyTrain station waatsitically significant. From tlsimodel, it could be concluded

that with each 1 meter increase in distance to the nearest SkyTrain station, a single family
property in Vancouver would be expected to be listed®a002% more expensive price. In the

final buffer model for single family properties in Vancouver, both buffer categories were
statistically significant. Single family houses that were located isabendbuffer were listed at

a 6.3% cheaper price thanoperties located in tH@st buffer. On the other hand, houses that

were more than 1600 meters away from the closest SkyTrain Station were expected to be 8.5%

cheaper than houses located infilh& buffer.
4.1.3 Townhouses

In total, 12 models were delped and tested for townhouses in Toronto. TABland AD
show the final results of the model used for townhouse properties in Toronto. When using
distance to TTC Subway Station, the following variables proved significant anesiigiat
number of bdtrooms, property ownership type (freeholdstrata) typeof the closesTTC
subway statiorfexcept forpartially undergroungbartially groundleveltype), distance to the
closestTTC subway station, distance to downtown Torok¥@alk ScoreandBike Score The 0.7

adjusted Rshows that the model was able to predict 70% of the variance in the data.

Whenthe buffer variable was used, number of bathrooms, property ownership (freehold and
strata), number of stories, buffer dummies, distance to downtown tdpwalk ScoreBike

Scoreand 206 median household income were statistically significant and right sided. The
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adjusted Rvalue of 0.67 indicates that this model was able to capture 67% of the variation in the

dependent variable.

In the final distance odelfor townhouse listings in Toronto, the variable for distance to closest
TTC subway station wastatisticallysignificant at the 0.01 levelts coefficient indicated that

with addition of each 1 meter to distance to the closest subway stationfitigedrece of the

average townhouse property listing was expected to drop by 0.01%. In the final buffer model for
Toronto townhouse property listings, tiigerd buffer category was statistically significantthe

0.01 levelwhile thesecond hiffer categoy was not. Their coefficients shedthat townhouses

that were located in theecondbuffer were 1.4% cheaper than properties located ifirdte

buffer (reference category) whilewmhouses that were more than 1600 meters away froma TTC

Subway station @re in average listed at 19.8% cheaper listing prices.

4.2 TTC subway and SkyTraBtationtypeg®

When using categorical (or dummy) variables, ohtlhe categories always used as reference.
The coefficients of the compariseategoryin a semilogarithmic model can then be interpreted
as the percentage change in the dependent variable (listing price) when the refeeguarsis

converted to the compariscategory

In this study, the grounttveltypewas selected as the reference group in bottsaitith the
assumption thatompared to othdypes groundlevel stations create the highest level of
negative externalitiedn other words, when a station and its surrounding tracks are located at
groundlevel, there are fewer mitigating factors probegthe surrounding properties from

externalitiescreated by transit operatians

29 A summary of station type coefficients is provided in tables-A1% in the Appendix section.
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4.2.1 Apartments

In the distance modébr Toronto apartmentsll levels of the subway statidype variable were
statistically significant. Compared to apartments which ttlesest TTC subway station was
located at groundevel (referenceategory, apartments that were closest to an underground
subway stationvereexpectedo haveapproximately24.3% higher listing priceg\partments
closest to subway stations that wereipfly underground and partially gtoundlevel were
expected to have a 19% higher listing pmdale apartments that were closest to an elevated
subway station were expected to be listed at a 17.1% higherApagments closest to an
underground buincovered subway station were expected to be 11.7% more expensive

(compared to the reference group)

In final model for Toronto apartments usithge buffervariable all station typecategories were
statistically significant. Compared to apartment listitigg were closest togroundlevel

subway station, apartments that their closest subway station was located underground were
expected to be 23.7% more expensive. Apartments that were closest to an elevated subway
station were in average listed at an 8 Higher listing pricevhile apartments closest to stations
that are partially underground and partiallgedundlevel were expected to be 18.2% more
expensive than the reference grofpartment listings closest to an underground but uncovered

subway sttion were expected to be 14.7% more expensive (compared to the retategoey.

In the final distancenodelfor Vancouver apartmentall three categories thhe SkyTrain station
typewerestatistically significantUsing apartments that were cles® a groundevel SkyTrain
station as the referencategoryapartments closest to an underground SkyTrain station were
expected to be 28.7% more expensipartments that their closest SkyTrain station was
elevated were expected to be 22.8% more expendiile apartments which were closest to a
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partially underground and partially elevated SkyTrain station were expected to be 19% more
expensiveFinally, apartments that were closest to SkyTrain stations that were elevated

covered were expected to bé.9% more expensive.

In the buffermodelfor Vancouver apartmentall SkyTrain stationypeswere statistically
significant. Usinghe groundeveltypesas the reference grougpartments closest to an
underground SkyTrain station were expected t2$8&% more expensivApartments that their
closest SkyTrain station was elevated were expected to be 20.9% more expéiisive
apartments closest to a partially underground and partially elevated SkyTrain station were
expected to be 17.8% more expenshan the reference groufapartments closest & SkyTrain

station that waslevatedandcovered were expected to be 16.4% more expensive.

4.2.2 Single Family Property Listings

In the final model for single family properties in Toronto using the distaadable, &

categories of theubway stationype variablewerestatisticallysignificant. Compared to single

family properties that were closest tgr@undlevel TTC subway statiofreferencecategory,

single family houses that were closest to adarground but uncovered subway station were
35.2% more expensivéroperties that their closest subway was located underground were
expected to be 25.2% more expensitele properties that their closest subway station as
partially underground and partialatgroundlevel were expected to be listed at a 19.1% higher
price Single familyproperties that their closest subway station was elevated were listed at 5.6%

higher.

In the finalmodelfor single family properties using the buffer variglz# station typeswere

statistically significant. Their coefficients indicated that compared to the dengiéy properties
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that were closest tgroundlevel TTC subway stationproperties that their closest subway

station was underground but uncovered were 3s8ffe expensiveProperties that their closest
subway was located underground were expected to be 25% more expdngvaoperties that
their closest subway station was partially underground, partiagisoandlevel were expected to

be 19.4% more expsive. Single family property listings that were closest to an elevated station

were in average listed at a 4% more expensive listing price compared to the reference group.

In the final distance and buffer modébs Vancouver single family propertieall SkyTrain
stationtypesbut the partially underground, partially elevatgple were statistically significant.

In the distance model, the statistically significstattion typecoefficients could be interpreted as
follows: compared to single family propgiistings that were closest tageoundlevel SkyTrain
station (referenceategory, single family properties that were closest to an underground
SkyTrain station were expected to be 21.7% che#&jmrses closest @SkyTrain statio that
waselevated bticovered were expected to be 11.7% che&irgle familyhouses that their

closest SkyTrain station was elevated were expected to be 6.8% cheaper.

In the buffer model, compared to houses tiateclosest to groundlevel SkyTrain station,
houses clos# to an underground SkyTrain statiwareexpected to be 23.7% cheapdrile
single familyhouse<losest ta SkyTrain station that wadevated but coveredereexpected to
be 12.9% cheapegingle-family houses that their closest SkyTrain statM@selevatedwere

expected to be 8.2% cheaper.

4.2.3 Townhouses

In the final model for Toronto townhouses using the distance varidlbtategories of th@TC

subway statiolypewerestatistically significantCompared to townhouse properties that were
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closest to a groundevel TTC subway statiotpwnhouses that were closest to an underground
but uncovered subway station were 60.9% more experi3mgerties that their closest subway
was located underground were expected to be 32.2% more expehde/properties that their
closest subway station was partially underground and partially at gleueldvere expected to

be listed at a 25.5% higher prid¢&operties that their closest subway station was elevated were

listed at a 22.1% higher listing price.

In the finalmodelusing the buffer variabjall subway statiolypeswere statistically significant.
Their coefficients indicated that compared to townhouses that were cloaegioiandlevel

TTC subwaystation,properties that their closest subway statieas underground but uncovered
were 60.9% more expensivi@operties that their closest subway was located underground were
expected to be 33.5% more expensitele properties that their closest subway station was
partially underground, partially at gnod-level were expected to be 26.3% more expensive.
Finally, townhouse property listings that were closest to an elevated station were in average

listed at a 23.7% more expensive listing price compared to the refeaegery
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5. Discussion
This chapter bgins by recgpngthe main findings of Chapterahd discussing detailthe
relationship between rail rapichnsitstationtypesand property listing prices in Toronto and
Vancouvetbased on the findings of the final modéibeginsby discussindgiow thetype of the
closest urban rail rapid transit station influenced listing prices for each property type in each city.
At the same time, it provides a comparison of how the final hedonic price models performed in
illustrating the impact of urban rail raptransit statiortypeon housing values in Toronto and

Vancouver.

Although thevariable of interest in this study theurban rail rapidransit statiortype, variables
do not perform independently in a hedonic price model. In ordardiluate the péwrmance of
the methodology andccuracy of findings, it is important to approachhiedonic pricenodel as
a wholeby looking alsoat how otheexplanatoryvariables performed® Accordingly, findings
from controlvariableshatdid not perform accordingp expectation or those that should be
interpreted with care are discussed in section&e2tion 53 and 54 discuss the limitations of
this study and outline some policy implications of the research. Finally, Sediontbnes

importantareas for fture research.

5.1 Model findings:TTC Subway and SkyTra8tationtypesand Property Values: Discussion

5.1.1 Toronto

30The practice of reporting the performarafeotherexplanatoryariablesis common in hedonic price studiésr
example, m addition to reporting the main findingslated tathe effect of proximity to LRT stations on rental rates
for commercial properties in Santa Clara County, California, Wézger 2001 provided an explanation about
performance of distance to highwa&imilarly, Wang et al. (2015) discussthe performance of independent
variables such as distance to CBD, floor aftarexaminingthe relationship between property prices aistance

to bus stops in CardiffVales
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Thecoefficientsdemonstrated thain average, proximity to a TTC subway stat{ohanytype
type)waspositively correlated withisting prices This relationship was weaker in single family
properties than apartmeand townhouséstings in Toronto. This couldeflectdifferent travel
behaviour and density preferences of apartment and single family property dwellers (Cervero &
Radisch 1996; Plaut, 2005) and is in line with findings from similar studies which reported a
higher capitalization of benefits from access to rapid transit in apartments than single family

houses (Duncan, 2008).

The final models using the distance and buffaiables performed quite similarly with regards

to the impact ofypeof the subway station on apartment listing prices. Model results showed that
underground subway stations had the strongest positive correlation with listing prices of Toronto
apartmentsThis was followed by partially underground partially grotedel, elevated and

underground but uncoveréypes

In the case of the relationship between subway statmesand value of singléamily

properties, the distance and buffer models demadesitkeery similar resultdVhile Toronto

apartment values experienced the biggest impact from being closest to an underground subway
station, eing closest to annderground but uncovered subway station had the largest positive
impacton the value of singléamily propertiesSimilarly, in the case of Toronto townhouse
propertiesthe strongest impact was from being close to an underground but uncovered station.
This was followed byindergroundpartially underground partially grouddvel underground

but urcoveredand elevated statidypes Thecoefficient for elevated stations was positive,
however,t did not have a statistically significant relationship with listing prioethe final

models for single family properties
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The impact of being closest &m underground and uncovered subway statiosiragie family

and townhouseroperty values shuld be treated with care. In total, only 23 single farhdyse
listings had an underground but uncovered station as their closest subway station. These
propertes were located in proximity to Eglinton, Davisville, and Rosedale subway stations and
in comparatively affluent neighbourhoods. The @@fedian household inconod census tracts

in whichthese propertieswere locatedvas $127,000. This is while the Zedian household
income for the rest of the census tracts included in this study was $89498a.result, it is
possible that some of the other Aqumantifiable neighbourhood qualities (such as status and

other socieeconomic characteristica)ereincorrectly picked up by variables such as station

type
5.1.2 Vancouver

Thefinal distance and buffer models for Vancouver apartment Isshgwed thatonsidered

all togetheyproperties which were closer to a SkyTrain statwfrall typeg had higher lisng
prices.Compared to the other models, Vancouver single family models produced very different
results. Proximity to a SkyTrain station had an adverse impact on listing prices in the final
distance model. However, being located closer to a SkyTraiarstaas reported as a benefit in

the final buffer model.

In the case of Vancouver apartmentstween alktation typesbeing closer to an underground
SkyTrain station had the largest positive impact on listing prindsoththe final buffer and

distan@ modelsfor Vancouver single family propertiglseing closer to an underground

3'These findings conform with the results reported by ¢t
Toronto which shows that the highest median income neighbourhoods in Toronto were found in ¢haf teatr

city, roughly bounded by Bloor Street, Leslie Avenue, Wilson Avenue and Bathurst Street, as well as in the Royal

York Road and Bloor Street West area (Cityrofonto, 2017.
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SkyTrain station had the strongest negative impact on the listing prices while being close to a

partially underground partially elevated station had the least negative impact.

In this case, one of the possible explanations for the difference between the results of the
distance and buffer models could be that distance to SkyTrain stations and single family property
listing prices had a nelmnear relationship. In other wordstlaugh being too close to a

SkyTrain station is not desirable, being too far from one is also viewed as@einsty. This
hypothesis is somewhat consistent with the findings of G&deers and Patterson (2014), who
reported a lack of correlation betwegantrification and proximity to SkyTrain lines in

Vancouver

5.1.3 Toronto and Vancouver compared

With the exception of single family properties in Vancoupeoximity to an urban rail rapid
transitstationcorrelated positively witlisting pricesfor all housingtypes in both citiesThis
relationship was the strongest in the model for Toronto apartment and townhouse properties,
followed by Toronto single family properties and Vancouver apartmerngimity toa

SkyTrain statiorcorrelated negativelwith listing prices of Vancouver single family properties

when using Euclidean distance to the closest SkyTrain station

Among allstationtypes, underground statiehad the strongest positive impgsécond
strongest in the case of Toronto single fgraihd townhouse properties) property values. In
Toronto, this impact was thargestfor townhouse properties while Vancouverunderground

SkyTrain statios had a larger positive impact on prices of apartments than single tami$es

No coherentonclusioncouldbe made about thetationtype with the weakest impact on

property values. In the caseTdronto single familyhousesand townhousg being closest to an
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elevated TTC subway station htdek smallestimpact on property prices compared they
types This is whileunderground but uncoversthationsin Toronto and elevated but covered

SkyTrain stations in Vancouvead the smallest impact on the prices of apartment properties.

Overall,results from the final hedonic price modetsfirm theinitial hypothesis of this study
which argued thaif there are multiple stations offering the same accessibility benefits, housing
prices shouldlecrease when exposurengativeexternalites such asoise, vibrationand
unsightlinessncreases. In #hcase of Toronto and Vancouverban rail rapid transit station
typeswhich producedmallernegative externalitie.e. stations that were located undergroynd)
hadalarge positive impact on the values of their adjacesidentialproperties. Tts positive
relationshipwas in general consistefatr all property types and across both citikkhough he
impact ofurban rail rapid transgtationtypeswhich were associated witrgernegative
externalitieson property values was lestear, propertylistings that wereloser toelevated TTC

subway and SkyTrain stationsciawer listing pricesverall

5.2 Model Findings: OtheExplanatoryVariables Discussion

Among all the variables that weirgtially included in the models, number of bedrogpudistance
to closest regional transit station, distance to closest freight railway, number of bus departures
from the closest subway or SkyTrain statigvialk Score and Bikec®re variables did not

performaccording to expectations.

With the exception othe final models for apartment properties in Toronto and Vancotineer,
number of bedroomegariablewas either wrongided (had a negative value) or was statistically
insignificantin the rest of the modelét the same timdjving space or losize anchumber of

bathrooms variables were statistically significant and pesdiaacording to expectatiomhich
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could mean thasomecorrelation between number of bedrooansl living space or lanakea

exists This correlatiorwasalso reportedby Brown and Li {980) and Boarnet and Chalermpong
(2001) whoarguedthat property priceseremore influenced by dwelling size than by the
number of bedrooms and that their observation about the negative coefficient on number of
bedrooms was indicative of the presenchigherpriced, luxury home markets, with larger

homes that have relatively fewer bedrooms (Boarnet & Chalermpong, 2001; Brown & Li, 1980).

In bothToronto and Vancouvevariables representing distance to the closest regional transit
stopwere insignificabin some cases and contradictory in othAihough access to regional
transit could be beneficial to some commuters
Manaugh & EiGenedly, 2013, pg. 4¥2it might not be regarded as a significant advantage for a
lot of householdsesiding in these two citiedRegionaltransit in Toronto and Vancouver has a
limited schedule and operates mainly during rush hour periods on weekdays with large
headwaysIn Toronto,GO Stops are spatially distributed along variougomarterial roads and

as a result, being in the proximity of the stops could simply be viewed undesirable due to the
negative exteralities that are created by automobile trafiicVancouver, West Coast Express
connects the downtown aand MissionCity Centre (which is 60 km to the west of Vancouver
City Centre)and provides coveradbat is limitedmainly to the northern part ddetro

Vancouver.

32The term modal mismatch has also recently entered the literaturadBierg andlanville, 2004; Grengs, 2010)
andrefersto the difficulty of reaching desired destinations without a car. While arguably already implicit in spatial
mismatch theory, transportation and modal mismatch explicitly capture the fact that twim @ edg may not be
separated by a great distance but may not be connected by reliable or viable public transit. Therefore, those reliant
on public transit may not be able to access certain areas easily while car dri@cticalanaugh & ElGeneidy,

2013)
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Although the variable representing distancé&eaht railwaywas statistically insignificant in the
final models for Toronto townhouses and Vancouver apartments, proxanfiigight rail was
inversely correlated with asking prices of Toronto single family hoasesyancouver single
family housesThe exact reason for théférence in sensitivity of variaiproperty types to

negativeexternalities created Hyeightrail couldbe identified using the current model.

The variable representing number of bostesfrom the closest rail rapid transit station was not
statistically significant in most of the meld except for Toronto apartments (buffer model) and
Torontosingle familyhouses. In the case of Toronto apartments, its negative value was an
indication that properties which were located closer to a TTC subway station with a higher
number of busouteshad, in average, lower listing pricé&ecausehis variable only represents

the number of bus routes that a certain rail rapid station serves and not the frequency of service
this findingshould be treated with car@lthough in most cases stations whggrve more routes
would provide more accessibility than stations vigverroutes, a more accurate measure would
captures number of routes and frequetogether Additionally, frequency of bus service from

the closest bus stdp the propertyand notat the closest rail rapid transit station) might have

been a better measure of bus access.

In the case of single familyousesn Toronto, the coefficient diValk Scoreproved to be
negative.The Bike Score variablead a positive relationship with prapevalues in models for
Toronto apartments and townhouses, while this relationship was negative in the case of
Vancouver single family houses. In their study on the impact of bicycle sharing facilities on
property values, EGeneidy et al. (2015) founddhthe variabl&Valk Scorewas highly

correlated with distance to city center. This is consistent with findings from the current study
where some degree ofulticollinearitywas observed betwe&ialk Scoreand distance to
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downtown. The VIF test for all dhe models except for the single fayngroperties model
confirmed thisnulticollinearity. Additionally, although there are multiple benefits associated
with walkability, current transportation planning practices tend to undervalue walking (Litman,
2017).Walkability is not as easily quantified and so tends to be undervalued in planning
decisions. This is very prevalent in la¥ensity areas that favor automobile use (Litman, 2017).
As a result, walkability and biking friendliness might not be regardedyhiglduburban areas
(where single family properties are usually concentratad)this could partially explain the
negative relationship between t&lk ScoreandBike Scorevariables with single family

property values in this study.

5.3 Modelling Limitaions

5.3.1 Hedonic Price Model

In spite of th& usefulnesshedonic studies are not exempt from technical problems. Armstrong
and Rodriguez (2006) pointed out three major concerns associated with hedonic price models:

the problem of omitting variabledea problem of choosing the functional form and the problem

of spatial autocorrelation in sample observations. The omission of theoretically relevant variables

may bias the estimated parameters (Gujarati and Porter, 2009) and the omitted variables which

were pointed out throughout this chapter are examples of this.

The problem of specifying the functional formcemmon to all hedonic studi€eBhere is

currently no theoretical basis which recommends using one particular functional specification
rather tharanother, even if Cropper et al. (1988) showed that the linear form produced lower
errors in cases where the model presented omitted variables. Malpe&ir&@inmended the

use of the lodinear form because it allows estimated parameters to be insgd@eemi

75



elasticities and has the capacity to reduce the problems derived from heteroscedasticity. To
address this issue and as explained in Chapter 4, the linear dmblogorms were tried for all

models and in all cases, the lelimgear form perfomed better.

Finally, the problem of spatial autocorrelation in the sample may lead to the estimation of
parameters which are inefficient or even biased, requiring the use of spatial econometric models
(LeSageet al, 2009).In order to check for presenoéspatial autocorrelation in the listing data

usedinthisstudylor andés | waadllproparty istinfvaliee d f or

5.3.2 Monecentric City Model

As argued earlier in this chapter, the assumpifam monecentric city isquestioned in the
literature as with multiplevorker household&orking in multiple workplacessites offering
accessibility to many employment nodes are more valuable (Heikkila et al., TB&9is
because, with the suburbanization of various services and higher levelssdihitity in other
areas of the region, homebuyers value access and proximity to other centers in tadti¢éion

downtown core®

In this study, distance to downtown (or CBD) was used with the assumption of a monocentric
city. This decision was mader the sake of simplicity and because identifying centers other than

CBD and developing a gravity based model weegond the resources available for this study

331n urban areas, there are two major access(ibility) benefits for living in or in vicinity of downtown or the CBD:

1) Easier access to opportunities (employment, social, recreational, etc.) that are located in the downtown area: This
holds true inocations where these opportunities are mainly concentrated in the central areas of the city. However,
with suburbanization of employment (and to some extent commercial and recreational services) in recent years, it
could be argued that downtown is not tmdy center of these services anymore (Shearmur & Coffey, 2001).

2) Higher accessibility to regional opportunities due to better transit (more frequent service and higher coverage) in
downtown However, he downtown core has lost this advantage sligttignged in recent years with accessibility
improvements and development of various public transportation projects in suburban areas. A stud@yeaté¢he

Toronto Area observed that between 1996 and 2006, higher levels of accessibility spread ouhwasd Avthile
thedowntowncore stillhad the greatest access to employment opportuitleSeneidy et al., 2013).
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As a result and due to the absence of other variables that represent access to other regional
centes in a polycentric city, the effect of distance to downtown might have been multiplied and

thus, should be treated with care.

5.3.4 Data limitations

There werdour main limitations in termef accessing data in this study: fjrgte issue with
accesdo final sales or assessed value of the propefexond the issue with lack of access to
longitudinal dataThird, including data for properties other than owaecupied residential

buildings and fourth, the issue of spatial awtarrelation betweethe sample listings.

Due to the possible difference between the actual value of a property and the price it was listed
for, ideally one would use assessed values or final sales prices for thiPsawityus research

has shown that asking prices havkigh correlation to selling prices and generally represent

90% of the equilibrium pricedu & Mulley, 2007. With the exception of Toronto single family
houses, it was observed that the average listing prices for properties included in this study and
avaage sales prices reported by Toronto and Vancouveestate boards for the same time

period were similarAs a result, lthough not idealuse of property listing prices was not

extremely concerningn the case of this studifurthermore, the listedrgperties used in this
studyrepresergdonly a fraction of the entire housing stock availabl&oronto and Vancouver
during the data collection perio@his could result reportingiasedresultsfor the population of

residentialpropertiegDiao, 2015)

Lack of publicly available historical data on property values &ditibe possibilityof comparing
price changeamongproperties located in different areasiaironto and Vancouvevertime. It

also preventedtudying the change in reaétate prices @r timeto investigate the impact of
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new transit infrastructure (both during construction and #itetransit infrastructure becomes
operatiorl). As argued byae et al (2003)the main capitalization @il transitprojects in
property values happeosn | y pr i or t oand itiseonly through @sng longitudinaln g

data that one could investigdtetemporal impact of station attributes on property values

Since the early stages of this project, my interest has always been to focus arsihg market
and accordingly, noresidential property types (commercial, industrial, and office buildings)
were excluded from this research. Although including both rental and @eoepied housing

data in the analysisould give a more complete pictuad the effect of urban rail rapid transit on
the housing market, developing such a methodology proved complex and was not included in

this study.

Lastly, as discussed in chaptersdme degree of spatial attorrelation exists among properties

that wereincluded in this studyin the presence of spatial attorrelation the conventionaDLS
resultsmayproduce biased, inconsistent or inefficient results depending on the type of spatial
autocorrelation@iao, 2015Anselin, 1988)In addition to the typial spatial autacorrelation

that could exist between properties that are located in proximity to one another, the uneven
distribution of urban rail rapid transit stations sharing the dgpeacross the city also proved to

be problematic in the case ofglstudy. Although including neighbourhood and location

variables such as distance to downtown, and WalkScore in the model was done with the goal of
reducing the risk of spatial autmrrelation, the issue of spatial awtorrelation still exists and

mightresult in bias in valuing transit accessibility and distort the reported impact of station

types.
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54 Policy Implications

The findings of this research showed that, on average, proximity to rail rapid transit stations (of
anytype) in Toronto and Vancowr Metropolitan Areasvas capitalized in higher residential
property values and that thge of the closest urban rail rapid station was among the factors
determining the amount of this capitalization. In other words, not all stations had the same effect
on listing prices of properties that were included in the sample. This relationship however, varied
based on the city, characteristic of the neighbourhood, those of the transit infrastructure and the
property itself. Policy makers seeking to address |aedamd transportation planning issues

should therefore ensure that policies acknowledge, properly measure and account for positive
and negative externalities created by urban rail transit stations. One area where the positive
benefits of access to urbanl rapid transit could be captured is financing the transit

infrastructure. Perhaps more importantly, policy makers should engage in developing and

reviewing mechanisms thatitigatethe disadvantages created by the transit infrastructure.

The results ofhis studyprovidean insight into the necessiftyr the comprehensive evaluation of
urban railrapidtransit costeffectivenessAs argued by Dubé et al. (2013), part of the process of
financing public transit may include studying the connection betwemassibility tothe transit
infrastructure and real estate markets since the former may generate externalities that are in turn
reflected in building values and property taktest could benefit municipalities. As demonstrated

in this chapter,iere is a lear profit advantage to owners of propestvith higher access to
underground urban rail rapid transit statiosisd so consideration tifesebenefitsshould be

includedin theeconomic assessmet any future transiinfrastructureproject Additiondly,

although building underground transit infrastructureastier than othetypes(Flyvbjerget al,

2008, if transportation improvements dieancedusingpublic funds, therevenues generated
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through propertyaxesnear underground stations in floag term couldustify the higher cost

(EI-Geneidyet al., 2015)Additionally, ransitv al ue captur e modedRal such
+ Propertpdevelopment modedhow thatwhen the effective policies and procedures are in

place,a potential increase property values due the accessibility provided by thiansit

infrastructure could be captured using development charges and this could in turn be used to

finance the transit project (Cervero & Murakami, 2009)

In terms of mitigating the negative entalities created bgttributes otype of the transit
infrastructure, policy makers should ensure that they address equity concerns as these decisions
have immediate andng-termconsequencdsr transit dependent populatioasd can

determine where andhenthese groupsan accesgarious services anmgsourcegWellman,
2015).Addressing equitgould be in the form of policies that ensure the reasonable and even
distribution of future urban rail rapid transit stations which produce more negative étiésrna
(such aslevated stations @hose located at ground level). This could go one step fuatiter
appear in the form dfalancing the difference in housing prices between areas of a city with
disparate home valués, order to strategically benefittaw-income neighbourhoodgi, Bai &

Xu, 2016. Such a strategy may encounter opposition over fears that character of the
neighbourhood and that of the community in the vicinity of the transit infrastructure will be
disrupted Research on infill projectsnd on NIMBYism(Not in My Backyard)n general

suggests that prexisting land usand zoningand community capital will influence what type of
Transit Oriented Developmeatolves at each station area because transport agencies tend to
avoidcontroversyand conflict(Atkinson-Palombg 2010;Altshuler and Luberoff, 2003arris,

2001; Lake, 1993Dear, 1992 This was evident in the case of the Broadway Avenue corridor in

Vancouver wheré was suggested (by some resident groups) to substitute a proposed g
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level urban rail rapid transit service along the Broadway corridor with&billion rapid-transit
line that would run underground, arguing that despiténitjieercost a subway is more efficient
and less disruptive than a service that runs agomend(Hansen & Sinoski, 2032This
suggests the need for greater consideration oftrenvsgit planningland usepolicy and land

pricesimpactone another

Additional policies might be those that encourage provision of special amenities and benefits for
areas surrounding urban rail transit stations with larger negative externalities in order to
compensate for the disadvantages created by the transit infrastructure. These interventions could
also be in the form of modifications and additions to the phydiesign of the city that would

mitigate the negative environmental impacts of the transit infrastructure such as noise and

vibration barriers (including souratoof walls), beautification projects, and so on.

5.5 Areas for Future Research

Despite the eensive literature on thelationship between transportatimofrastructureand
property valuesto my knowledgehis researcis among the fewtudiesthatexaminethe effect
of the characteristics olfie transiinfrastructureand station®n housing aluesin North

America As a result, there remain a number of limitations toré#sgarch which could also be
turned into opportunities for future researche firstlimitation of this research he use of
listing prices instead of final sales priagsichwas dictated by a lack of access to official
databases containing property sale pritfemnd when thdinal sales pricelatabecomeavailable
to the general publjat would bevaluableto use the same methodology wiltle newly available

final sales pricedda
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Due totime and resource limitations atite difficulty of obtainingdata on residential property
values over timga crosssectional research design was selected for this study. Using temporal
data wouldallow the relationship betweembanrail rapid transit statiotypeand housing values
to be studieaver time,specifically througlrcomparinghousingpricesbefore and after
constructiorand operatiomf an urban rail rapid transgystemor during aspecific time period.
Suchmethodology wouldlso need to capte changes in other variabiespacting the value of

a property such as changeshe physical structure of the houdigring that time periodd@r
examplerenovationyor changes in theeighbourhoodqsuch asnedian household income
neighbourhood amenitieand so oh Although access to realstate data over time mighe
challenging, the longitudinal methodolomay be more manageable if ttesearchs limited to

certain stations within the transit network or to one. city

To correct for the issue of spatial autorrelation among sample propertiadditionallocation-
specific dummy variabkecould be added to the model which will allow captutire

importance of an observation's location in a particular neighbortimgerson, 2001)n this

study variables such as distance to downtown, WalkScore, and mediandidusedbme were
added to account for characteristics of the neighbourhood the property is located in. Besides
including additional neighbourhood variableso types ofspatial auteregressive termsould
alsobe added to the moddio solve the spatialuo-correlation issue whetie value of a

property is influenced by the characteristic&®heighbouring properties spatially lagged
dependent variableould be addetb the regressio(Diao, 2015). Spatial autcorrelation might
also exiswwhenvariables that are omitted from the modet spatially correlatedhis couldbe

corrected for by adding a spatially lagged error term to the niDdsd, 2015).
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The assumptiothat access to anyTC subway or SkyTraistation on the network is equally
valuable is another limitation of this studiResearch has been argued 8tations servdifferent
functions within a givetransitsystem (Dittma®& Poticha, 2003). Variations in station function
were captured by Dittmar and Poticha (2003) in a typologydiiated six common classes of
TransitOrientedDevelopmentand distinguished their roles within regional systems.
Categorizing the urban rail rapid transit stations included in this study in similar classes would
account for different functions and chamacstics of each station. Furthermorkhaugh this
analysis baskthe choice oexplanatoryariablesin the hedonic price modeh previous
studiesjncludingadditional spatialaccessibility andtructural attributes in the modsbuld
helpdevelop anore accuratenderstanding ahe residential property listingrices in Toronto

and Vancouver.

As argued earlier in this chaptdistance to downtown (or CBD) was usedhis studywith the
assumption of a monocentric city for the sake of simpliéitthough the variables representing
distance to various transit modes were aimed at capturing transit accessibility, future studies
could include otheimportant destinationsuch agentertainment district argmploymententers
(for example the Pearsontémnational Airport Growth Regionlpevelopingsuch an advanced

gravity model was beyond the scope of this study

Other than including variables that account for distance to the downtown area, walkability, and
bike-friendlinessthis study does not makeckear distinction between urban and suburban
neighbourhoods. This is while one could speculatettigabenefitand disadvantages of transit
infrastructureare different in urban and suburban ar€ase way of addressing this would be to

compare the extealities of a transit infrastructure located in a suburban neighbourhood such as
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the recentlyoperationall TC subway extensiofTYSSE)in the neighbourhood of Vaughan, with

TTC subway stations that are located in urban areas.

Last but not leasthts regarchdoes not exploreowtherelationship between housing values

and transit infrastructure is affected by socioeconomic characteristics othérehaadian
householdncome Although householthcomeis usuallyan effective measure feaptuing

socid divisions, includingvariables representimace, ethnicityimmigration status, education,
gender, and sexual orientatimould be very importardnd beneficiahdditions to any future
researchThese characteristics could capture how different groftipssaentssaluehousing and
transit differently and including them in the study would allow for a more complete, through and

realistic analysis of thienpactsof transit infrastructure on housing values.
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6. Conclusion
The findings of thigesearcldemorstrated thaton average, proximity tarbanrail rapid transit
stations in Toronto and Vancouver Metropolitan Areas led to higher residential property values
and that theéypeof the closest urban rail rapid statmasamong the factors determining the
amount of this capitalization. Ehspecific research questions that were addressed thekis
were first, to what extent and how strongly does proximituieanrail rapid transit stations
affect housing prices ioronto and Vancouv@rSecongto wha extent is that positivéor
negativempactrelated to whether stations and track are underground, elevated, or at ground
level? And finally, how transferrable are the methods? Does the same method work in two
different cities? Are similar results foummdtwo different cities? What are the prospects for using

the same method in a more different context?

Answering these questions contributes to a mmormaplete andetailed understanding of the
relationship between transit infrastructure and housingegalinis research was prompted by
theongoingdebates around@thetherurban rail rapid transit stations and their surrouadks

should be at ground level, elevated or undergrotlindiate, the literature on thelationship

between transportatianfrastuctureand residential property valubas mostly remained silent
onthe impact othe environmentaxternalities of the transit infrastructuespeciallynow
stationtypesaffecthousing valuesThe importance of studying this relationship is twofoicdstf

due to the londerm nature of home selection, housing values have always been among the most
efficient indexes of the effects of various planning interventions on thebeielty of
communitiesand secondhe substantial cost difference betweenuhéerground and ground

level transit infrastructurproposes the question whether this amount justifies the cost difference

between theypes Toronto and Vancouvevere ideal candidates for this study becanssach
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of these metropolitan areas there hasn discussion and debate concerning which types of
urban railways and stations to buildditionally, real estate markets in Toronto and Vancouver
share various similaritiemndboth cities feature an extensive urban rail rapid transit system

which indude a variety of different statidgpes

In order to answer these questions, it was necessary to design a methodology to isolate the effect
of proximity to urban rail rapid transit as well taggnmentof tracks and statiotypeson
housingvalues Thiswas madehroughusing hedonic price models. The data required for
conducting the hedonic price analysis was gathered in several stages: first, information on 8160
property listings was compiled from realtor.G&is included data oasking pricetype of

property, number of bedrooms and bathrooms, living area, and presence of pdrkingxt

step was to geocode each property using the postal code provided in theTligtimg database

of all of theurban rail rapid stations in Toronto and VancouMetropolitanAreas and their
characteristicgstationtype, number of busoutes and presence of parkimg the statiopwas
constructedEach property was then assigned to the closest urban rail rapid dtatioder to
capturethe impact ofocation anl accessibilityvariablessuch as WalkScore, BikeScore,

distance to various transportation infrastructure such as commuter transit and highways, as well
as distance to downtowmere calculated for each properBurthermore, th2016median

household incane for the census track corresponding with each property was also added to the
databasefinally, using this dataase hedonic price models were designed and statistical tests
wereconductedo examine the relationship betweesidential listing priceand stationtypesin

these two cities.

To answer the firshind seconguestiors posed by this researatesults of the final hedonic price

models demonstrated thatoximity to any kind of urban rail rapid transit station resulted in
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higher listing prices fioall property types in both citiesxcept for Vancouver single family.
Property listings that wereloser toelevated TTC subway and SkyTrain stations loadyverage,
lower listing priceswhile properties located in proximity to underground stationshingtter

listing prices

The last research question aimed at exploring the transferabititg sameanethodology

between different citieSimilaritiesbetweenT or ont o and Vancouveros urb
(mainly in terms of network coverage and tagiety ofstation typepand realestate markets

made it possible to appbysimilarmethodology (with minor modifications) to both cities.

Additionally, theR? value of all final models in both cities was relatively higamonstrating the

transferabiliy of the research design between Toronto and Vancouver

Among the limitations of this researphojectare thetechnical problemassociated with hedonic
price modelsThese includ¢he problem of omiddvariablessuch as age of the properagcess

to different regional centers, amdoadersociceconomic characteristics of the neighbourhood.
Another issue associated with hedonic price analysigeifunctional formAdditional caveats of

this study include lack of access to longitudinal and finakgaliee data.

These caveats could also be viewed as opportufotiésture researchConsidering the recent
court ruling which made the final sales price available to the general public (The Star, 2017), it
would be valuable to use the same methodoligfy the newly available final sales price data.
Furthermore, if limited to one city, using temporal data would allow the relationship between
urban rail rapid transit statidgpe and housing values to be studied over time. Lastly, future
studies could idlude other important destinatioasd regional centemich as entertainment
district and employment centers as well as indicators representing a broader range of socio
economic characteristics.
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The findings of this researclemonstratethat, on averagg@roximity to rail rapid transit

stations (of anyype) in Toronto and Vancouvevascapitalized in higher residential property

values and that thgpe of the closest urban rail rapid statiplayed a role irdetermining the

amount of this capitalizatiohis relationship however, varied based on the city, characteristic

of the neighbourhood, those of the transit infrastructure and the propertyTite=é findings
demonstrate the need for policies and procedures that acknowledge, measure and account fo
positive and negative externalities created by urban rail transit stations. This could be in the form
of policies which aim at financing the transit infrastructure, those that ensure the even
distribution of stations with differerstationtypes as welas methods to mitigate the impact of

stations with higher negative externalities.
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Appendix |

Table Al:Modelresultsfor Toronto apartment listings using the distance variable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.45 Fork 0.01
TTC Subway Statiotypeelevated 0.171 b 0.03
TTC Subway Statiotypeunderground 0.243 e 0.02
TTC Subway Statiotypeunderground but uncovered 0.117 b 0.04
TTC Subway Statiottype partially underground 0.19 b 0.04
partially groundlevel

Distance to closet TT@ibwaystation -0.0001 e 0.00
Number of bedrooms 0.102 il 0.01
Distance to CBD (First Canadian Place) -0.00003 b 0.00
Distance to closest GO Stop 0.00003 il 0.00
Distance to expressway 0.00002 bl 0.00
Distance to heavy rail 0.00004 *kk 0.00
Walk Score 0.001 0.00
Bike Score 0.001 0.00
Median HH income of CT 0.00000 il 0.00
Constant 11.796 Fhk 0.07
Observations 2887

R squared 0.728

Adjusted R squared 0.727

Residual Std. Error

0.281 (df = 2872)

F Statistic

549.449

*k%k

(df = 14;2872)

Note *p<0.1; **p<0.05; ***p<0.01

Table A2:Model resultdor Toronto apartment listings using theffervariable

Independent Variable Coefficient Significance Std. Error
Number of bathroms 0.45 il 0.01
TTC Subway Statiotypeelevated 0.184 il 0.03
TTC Subway Statiotypeunderground 0.237 o 0.02
TTC Subway Statiotypeunderground but uncovered 0.147 *kk 0.04
TTC Subway Statiotype undergroundjroundlevel 0.182 rrx 0.04
Buffer Second -0.128 il 0.17
Buffer Third -0.239 il 0.02
Number of bedrooms 0.102 il 0.01
Distance to CBD (First Canadian Place) -0.00003 o 0.00
Distance to closest GO Stop 0.00002 *hk 0.00
Number of bus routes -0.001 il 0.00
Distance to bavy rail 0.0001 il 0.00
Bike Score 0.001 * 0.00
Median HH income of CT 0.00000 ok 0.00
Constant 11.862 kk 0.04
Observations 2887

R squared 0.725

Adjusted R squared 0.723

Residual Std. Error

0.283 (df = 2872)

F Statistic

539661

*%k%k

(df = 14;2872)

Note *p<0.1; **p<0.05; ***p<0.01
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Table A3:Model resultdor Vancouvelapartment listings using the distance variable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.266 rhk 0.02
Living area 0.007 Fkk 0.00
SkyTrain Statiortype elevated 0.228 Fkk 0.07
SkyTrain Statiortype elevated but covered 0.179 i 0.08
SkyTrain Statiortypeunderground 0.287 b 0.08
SkyTrain Statiortype undergrounedlevated 0.191 i 0.08
Distance to closetsk$Train Station -0.00002 e 0.00
Number of bedrooms 0.04 Fkk 0.02
Distance to CBD (Shangri La Hotel) -0.00003 Fkk 0.00
Distance to closest WCE Station 0.00000 *x 0.00
Distance to expressway ramp -0.00001 * 0.00
Walk Score 0.002 ok 0.00
MedianHH income of CT 0.00000 ok 0.00
Constant 12.031 el 0.09
Observations 2113

R squared 0.725

Adjusted R squared 0.723

Residual Std. Error 0.248 (df = 2099)

F Statistic 425.175 ok (df = 13;2099)

Note *p<0.1; **p<0.05; ***p<0.01

Table A4:Model resultdor Vancouvemapartment listings using tHeuffervariable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.261 ok 0.02
Living area 0.007 rhx 0.00
SkyTrain Statiortype elevated 0.209 rkx 0.07
SkyTrain Stationtype elevated but covered 0.164 *x 0.08
SkyTrain Statiortype underground 0.285 rkx 0.08
SkyTrain Statiortype undergrounedlevated 0.178 b 0.08
Buffer Second -0.063 0.02
Buffer Third -0.142 ok 0.02
Number of bedrooms 0.044 ok 0.01
Distance to CBD (Shangri La Hotel) -0.00003 rkk 0.00
Distance to closest WCE Station 0.00000 ok 0.00
Distance to expressway 0.00001 *x 0.00
Walk Score 0.001 * 0.00
Median HH income of CT 0.00000 rkk 0.00
Constant 12.105 rhx 0.09
Obsevations 2113

R squared 0.733

Adjusted R squared 0.731

Residual Std. Error 0.245 (df = 2098)

F Statistic 411.036 ok (df = 14, 2098)

Note *p<0.1; **p<0.05; ***p<0.01

107



Table A5:Model resultdor Torontosingle familylistings usinghe distance variable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.194 Fork 0.01
TTC Subway Statiotypeelevated 0.056 0.05
TTC Subway Statiotype underground 0.252 rhx 0.03
TTC Subway Statiotypeunderground bt uncovered 0.352 rhx 0.09
TTC Subway Statiotype undergroundjroundlevel 0.191 il 0.05
Distance to closet TT@ibwaystation -0.00004 rhx 0.00
Land area 0.00001 Fork 0.00
Distance to CBD (First Canadian Place) -0.00003 rhx 0.00
Distance to dsest GO track -0.00003 rkk

Distance to expressway ramp -0.00002 ** 0.00
Distance to heavy rail 0.0001 rhx 0.00
Number of bus routes 0.004 rkk 0.00
Walk Score -0.005 ik 0.00
Median HH income of CT 0.00000 rhx 0.00
Constant 13.677 rkx 0.10
Observations 1040

R squared 0.753

Adjusted R squared 0.749

Residual Std. Error 0.376 (df = 1025)

F Statistic 22.873 ik (df = 14; 1025)
Note: *p<0.1; **p<0.05; ***p<0.01

Table A6:Model resultdor Toronto single family listings usirtge buffer variable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.193 il 0.01
TTC Subway Statiotypeelevated 0.044 0.05
TTC Subway Statiotypeunderground 0.25 il 0.03
TTC Subway Statiotypeunderground butncovered 0.348 o 0.09
TTC Subway Statiotypeunderground/grountevel 0.194 *hk 0.05
Buffer Second -0.109 il 0.04
Buffer Third -0.169 il 0.04
Land area 0.00001 il 0.00
Distance to CBD (First Canadian Place) -0.00003 o 0.00
Distance to losest GO track -0.00003 ok 0.00
Distance to expressway ramp -0.00001 il 0.00
Distance to heavy rail 0.0001 il 0.00
Number of bus routes 0.004 il 0.00
Walk Score -0.005 il 0.00
Median HH income of CT 0.00000 il 0.00
Constant 13.753 el 0.1
Observations 1040

R squared 0.754

Adjusted R squared 0.75

Residual Std. Error 0.375 (df = 1024)

F Statistic 209.235 ok (df = 15; 1024)
Note: *p<0.1; **p<0.05; ***p<0.01
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Table A7:Model resultdor Vancouvessingle familylistings using the distance variable

Independent Variable Coefficient Significance Std. Error
OwnershipStrata -0.109 Fkk 0.02
Number of bathrooms 0.021 rhx 0.01
Living area 0.002 Fkk 0.00
SkyTrain Statiortype elevated -0.068 i 0.03
SkyTrain Statiortype elevated but covered -0.117 b 0.04
SkyTrain Statiortypeunderground -0.217 b 0.04
SkyTrain Statiortype undergrounedlevated -0.047 0.06
Distance to closest SkyTrain Station 0.00002 Fkk 0.00
Distance to CBD (Shangri La Hotel) -0.00003 *k ok 0.00
Distance to closest WCE Station -0.00001 orkk 0.00
Distance to expressway ramp -0.00003 rhk 0.00
Distance to expressway 0.00003 rhk 0.00
Distance to heavy rail 0.00002 *kk 0.00
Walk Score 0.001 il 0.00
Bike Score -0.001 il 0.00
Median HH income of CT 0.00000 * 0.00
Constant 14.091 Fhk 0.06
Observations 1653

R squared 0.611

Adjusted R squared 0.608

Residual Std. Error 0.177 (df = 1636)

F Statistic 160.889 ok (df = 16;1636)

Note *p<0.1; **p<0.05; ***p<0.01

Table A8: Model resultdor Vancouversingle familylistings using théuffervariable
Independent Variable Coefficient Significance Std. Error
OwnershipStrata -0.117 rhx 0.02
Number of bathrooms 0.022 rhx 0.01
Living area 0.001 rhx 0.00
SkyTrain Stéion type elevated -0.082 ** 0.03
SkyTrain Statiortype elevated but covered -0.129 ol 0.04
SkyTrain Statiortypeunderground -0.237 rhx 0.04
SkyTrain Statiortypeundergrounedevated -0.062 0.06
Buffer Second -0.063 rhx 0.02
Buffer Third -0.085 hokk 0.02
Distance to SkyTrain track 0.00003 il 0.00
Distance to CBD (Shangri La Hotel) -0.00003 rhx 0.00
Distance to closest WCE Station -0.00001 rhx 0.00
Distance to expressway ramp -0.00003 ol 0.00
Distance to expressway 0.00003 ol 0.00
Distance to heavy rail 0.00003 xrx 0.00
Walk Score 0.001 rhx 0.00
Bike Score -0.001 rhx 0.00
Median HH income of CT 0.00000 * 0.00
Constant 14.161 il 0.05
Observations 1653

R squared 0.618

Adjusted R squared 0.614

Residual Std. Ermo 0.176 (df = 1634)

F Statistic 146.724 ol (df = 18; 1634)

Note *p<0.1; **p<0.05; **p<0.01
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Table A9:Summary of final model for Torontmwnhousdistings using the distance variable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.241 rhk 0.02
Property Ownershigreehold 0.259 b 0.04
TTC SubwayStationtypeelevated 0.221 b 0.06
TTC Subway Statiotype underground 0.322 b 0.04
TTC Subway Statiotypeunderground but uncovere 0.609 b 0.12
TTC Subway Statiotype underground/grountevel 0.255 i 0.12
Distance to closet TTC subwatagon -0.0001 il 0.00
Distance to CBD (First Canadian Place) -0.00003 b 0.00
Walk Score 0.002 i 0.00
Bike Score 0.003 el 0.00
Median HH income of CT 0.00000 il 0.00
Constant 12.292 *hk 0.11
Observations 347

R squared 0.721

Adjusted R squared 0.712

Residual Std. Error 0.304 (df = 335)

F Statistic 78.805 il (df = 11,335)
Note *p<0.1; **p<0.05; ***p<0.01

TableA10 Summary ofinal model for Torontaownhousdistings using thduffervariable

Independent Variable Coefficient Significance Std. Error
Number of bathrooms 0.214 ok 0.02
Number of floors 0.067 ok 0.02
Property Ownershigreehold 0.206 ok 0.04
TTC Subway &tiontypeelevated 0.237 rkx 0.06
TTC Subway Statiotypeunderground 0.335 rkx 0.04
TTC Subway Statiotypeunderground but uncovereq 0.609 rkx 0.12
TTC Subway Statiotype undergroud-groundlevel 0.263 b 0.11
Buffer Second -0.014 0.05
Buffer Third -0.198 ok

Walk Score 0.002 * 0.00
Bike Score 0.004 Hhkx 0.00
Median HH income of CT 0.00000 ok 0.00
Constant 12.208 i 0.11
Observations 347

R squared 0.735

Adjusted R squared 0.725

Residual Std. Error

0.297 (df = 333)

F Statistic

71.009 (df = 13;333)

*kk

Note *p<0.1; **p<0.05; ***p<0.01
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Table Al: Station type coefficients: distance and buffer models for Toronto apartments

Coefficient Coefficient
Independent Variable Distance | Significance | Standard Error Significance | Standard Erro
Buffer model
model
TTC Subway Station type 0.17100 rokk 0.03 0.18400 *kk 0.03
Elevated
TTC Subway Station type 0.24300 ok 0.02 0.23700 xhk 0.02
Underground
TTC Subway Station type 0.11700 rkk 0.04 0.14700 Fokk 0.04
underground but uncovered
TTC Subway Station type 0.19000 il 0.04 0.18200 Fhk 0.04
underground/at-level

Note *p<0.1; *p<0.05; ***p<0.01

Table Al2:Station type coefficients: distance and buffer models for Tosingefamily properties

underground/at-level

Coefficient Coefficient
Independent Variable Distance | Significance | Standard Error Significance | Standard Erro
Buffer model
model
TTC Subway Station type 0.05600 0.05 0.04400 0.05
Elevated
TTC Subway Station type 0.25200 i 0.03 0.25000 *kx 0.03
Underground
TTC Subway Station type 0.35200 LKA 0.09 0.34800 s 0.09
underground but uncovered
TTC Subway Station type 0.19100 rxk 0.05 0.19400 i 0.05

Note *p<0.1; *p<0.05; **p<0.01

Table Al13:Station type coefficients: distance and buffer models for Totomtohouse properties

Coefficient

underground/at-level

Independent Variable Distance | Significance | Standard Error Coeficient Significance | Standard Erro
Buffer model

model
TTC Subway Station type 0.22100 Frx 0.06 0.23700 Fhx 0.06
Elevated
TTC Subway Station type 0.32200 ok 0.04 0.33500 ok 0.04
Underground
TTC Subway Station type 0.60900 ok 0.12 0.60900 kk 0.12
underground but uncovered
TTC Subway Station type 0.25500 *x 0.12 0.26300 *x 0.11

Note *p<0.1; **p<0.05; ***p<0.01
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Table AR: Station type gefficients: distance and buffer models ¥amcouvempartments

Underground-Elevated

CEEEEE Coefficient

Independent Variable Distance | Significance | Standard Error Significance | Standard Erro
Buffer model
model

SkyTrain Station type Elevated 0.22800 Fokk 0.07 0.20900 Fokk 0.07
SkyTrain Station type Elevatel  0.17900 ** 0.08 0.16400 *x 0.08
but covered
SkyTrain Station type 0.28700 rokk 0.08 0.28500 rxk 0.08
Underground
SkyTrain Station type 0.19100 *x 0.08 0.17800 *k 0.08

Note *p<0.1; **p<0.05; ***p<0.01

Table AB: Station type coefficients: distance and buffer model¥émcouversingle family properties

Coefficient Coefficient

Independent Variable Distance | Significance | Standard Error Significance | Standard Erro
Buffer model
model

SkyTrain Station type Elevated -0.06800 *x 0.03 -0.08200 *x 0.03
SkyTrain Station type Elevate -0.11700 Fokk 0.04 -0.12900 ok 0.04
but covered
SkyTrain Station type -0.21700 il 0.04 -0.23700 i 0.04
Underground
SkyTrain Station type -0.04700 0.06 -0.06200 0.06
Underground-Elevated

Note *p<0.1; **p<0.05; ***p<0.01
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Figure Al: Distribution of Toronto apartment listings in relation to TTC subway station: typasd
level and underground
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Figure A2: Distribution of Toronto apartment listings in relation to TTC subway station tyzetally
underground, partially grourdeveland elevated




Figure A3: Distribution of Toronto apartment listings in relation to TTC subway station type
underground but uncovered
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Figure Ad: Distribution of Torontacsingle familylistings in relation to TTC subway station typgsound
level and underground
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Figure Ab: Distribution of Torontosinglefamily listings in relation to TTC subway station types

BV, ypats

partially, underground partially groundevel and elevated

to elevated subway station

117



Figure A6: Distribution of Torontcsingle famiy listings in relation to TTC subway station type
underground but uncovered
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