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There has been a growing interest in land value capture as a means of funding investments in transport infra-
structure (TI), as reported in a vast literature analyzing the relationship between property values and accessi-
bility provided by TI in general and transit specifically. There has, however, been limited research on the role of
network-level regional transport accessibility and the intra-regional spatial heterogeneity of the price effects.
Furthermore, studies usually focus on one transport mode, disregarding the multi-modal competition, and are
mostly (pooled) cross-sectional analyses which do not reflect the dynamic nature of developments in TI and
housing markets. To address these gaps, this paper empirically investigates the roles of local and regional
transport accessibility by car and transit on the evolution of sales prices of single-family homes from 2001 to
2016, across different geographical contexts while controlling for various determinants in the Greater Toronto
and Hamilton Area (GTHA). The spatial panel models’ results confirm that regional transport accessibility does
indeed play a significant role in property values over and above the local proximity to TI, with variations be-
tween transit and car and over the spectrum of low-high density areas, which needs to be accounted for in land

value capture policies.

1. Introduction

There has always been a strong interest in the relationship between
land and property values, most often represented by sales prices, and
transport infrastructure (TI) in general and transit infrastructure and
services specifically. This relationship lies at the core of expected
transport — land use interactions, in which it is assumed the accessibility
provided by the transport system will influence both land development
patterns and the location choices of households and firms (Wegener and
Fiirst, 2004; Meyer and Miller, 2001).

A vast literature investigates the possibility and extent of the capi-
talization of improved accessibility provided by TI, especially transit,
into land and property values in its vicinity (for reviews and meta-
analyses, see for example Bartholomew and Ewing, 2011; Cervero,
2004; Debrezion et al., 2007; Mohammad et al., 2013; Ryan, 1999). The
premise of this relationship is derived from the bid-rent theory (Alonso,
1964), which posits that properties near new or improved TI become
more attractive due to travel cost savings. Thus, the demand for these
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locations rises, resulting in the bidding up of property values (O’Sulli-
van, 2003). The relationship between property value and TI is of critical
importance to both transport and urban policy. Key policy questions of
relevance to this relationship include: i) the potential to “capture” in-
creases in property values resulting from TI investment (Levinson and
Istrate, 2011); ii) the need to include property value impacts of TI in-
vestments, among other urban form impacts such as reductions in
greenhouse gas emissions and congestion, in the calculation of the total
benefits accruing from such investments (Ustaoglu and Williams, 2020);
iii) the desire to reduce urban auto dependency and associated auto-
related urban sprawl by inducing more “transit-oriented” and active
transport-oriented urban forms (Cervero, 2004); iv) an increasing
concern in many major urban areas about the affordability of housing
for lower- and even middle-income households and the fear of transit-
induced gentrification due to transit accessibility improvements
(Grube-Cavers and Patterson, 2015); v) the concern about distorted land
markets in rapidly growing urban regions where TI investment fails to
keep pace with population and employment growth, and the resulting
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spatial distribution of households and firms competing for increasingly
scarce activity/travel accessibility (Lin and Yang, 2019).

Thus, understanding the role of property values within the two-way
land use - transport interaction is critical to urban transport policy
analysis and investment planning. Property value is also a strong
“proxy” for a wide range of other attributes of policy interest, such as
urban form, equity and sustainability, and travel demand. This paper
focuses on the temporal and spatial evolution of property values, as
captured in housing sale prices, in response to changes in transport
accessibility.

Despite the importance of this issue and the size of the associated
literature, there has been limited research on the role of network-level
regional transport accessibility and the intra-regional spatial heteroge-
neity of the price effects (He, 2020). These are important because
transport accessibility has a network impact that goes beyond the
catchment areas of transit stations or highway buffers. Prices are also
found to vary significantly based on the spatial context. Furthermore,
studies usually focus on one transport mode, disregarding the influence
of competition between different modes (e.g., car vs transit) on property
values (Mohammad et al., 2013). Finally, many studies on the rela-
tionship between transport accessibility and property values use
(pooled) cross-sectional data and do not reflect the dynamic nature of
developments in TI and housing markets. This could lead to a biased
estimation of the marginal impacts of changes in accessibility (Iacono
and Levinson, 2017).

To address the above gaps, this paper empirically investigates the
relationship between local and regional transport accessibility by car
and transit, and the evolution of property values in the case of single-
family home sales prices from 2001 to 2016. The analysis covers
different geographical contexts in the Greater Toronto and Hamilton
Area (GTHA) -the largest and fastest growing urban region of Canada
which serves as its commercial and financial capital. Single-family
homes is a major dwelling type in the region, making up the lion’s
share of the GTHA’s housing in the first half of our analysis period
(around 60-70 %) and a significant share of dwellings in the second half
(around 40-45 %) (Table 2). Transit accessibility at the regional level is
operationalized by gravity-based measures of accessibility derived from
a multi-modal transit network including the commuter rail, metro rail,
the bus and the streetcar networks. Transit accessibility at the local level
is proxied by distances to commuter and metro rail stations. Here,
streetcar/bus stops are excluded as their influence on sales prices is
shown to be generally less than heavy rail systems (Debrezion et al.,
2007). The sales prices of around 1.3 million single-family homes are
aggregated at the level of around 6000 dissemination areas (DA, with an
average size of approximately-one km?), fused with built environment
and socio-economic zonal attributes, plus transport accessibility mea-
sures to provide a unique longitudinal data base that is analyzed by
spatial panel models. The results of this empirical analysis provide
insight into the role of regional transport accessibility by auto and
transit on property values and its spatial heterogeneity across various
markets.

2. Operationalizing the relationship between transport
accessibility and property values

Several studies have established that improved access to TI results in
value gains for properties along road corridors or close to rail transit
stations. Table 1 outlines select literature and their findings with a focus
on works investigating the relationship between transit systems, espe-
cially commuter rail and metro rail, and residential land and property
values (henceforth simply referred to as property values). As can be seen
from the table there is no general consensus on the sign and magnitude
of TI effects on property values. The observed premiums vary signifi-
cantly, ranging from a 19 % decrease (Bowes and Ihlanfeldt, 2001) to a
75 % increase (Banister and Thurstain-Goodwin, 2011). This substantial
variation is attributed to various factors including the type of TI and its

Table 1
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Authors’ compilation of international academic studies on transit systems,
especially commuter rail and metro rail, and residential property values.

Author(s),
Year

Location

Transit
system
type and
name

Dependent
variable

Result

Bajic (1983)

Gatzlaff &
Smith
(1993)

Baum-snow
& Kahn
(2000)

Haider &
Miller
(2000)

Bowes &
Thlanfeldt
(2001)

Debrezion,
et al.
(2011)

Banister &
Thurstain-
Goodwin
(2011)

Brandt &
Maennig
(2012)

Toronto,
Canada

Miami, USA

Boston,
Atlanta,

Chicago,
Portland &
Washington
D.C., USA
Toronto,
Canada

Atlanta, USA

Amsterdam,
Rotterdam &
Enschede,

The
Netherlands

London, UK

Hamburg,
Germany

Metro rail,
Spadina
subway
extension

Private family
house sales
price

Metro rail Single-family
home sales

price

Various House value
rail transit

systems

Metro rail, Freehold sales
TTC price

Metro rail,
MARTA

Single-family
home sales
price

Commuter House sales

rail price

Metro rail, House value
Jubilee

line

extension

(JLE)

Condominium
listing price

Various
rail transit
systems

A proximity
premium of
$2,237 for an
average house in
the Spadina area
Sales prices not
significantly
influenced by
the
announcement
of the new rail
system or
distance to
station

A decrease in
distance to
transit line from
3to1lkm
increases
housing values
by $4972
Proximity to
subway and
highway do not
improve the
model
performance but
are significant.
Average house
price within 1.5
km of the
subway is higher
by $4,000

A proximity
premium from
—19%to0 3.5%
for properties
within 1/4 mile
from a station,
and within1to 3
miles from the
station,
respectively
Transit distance
elasticity for the
most frequently
chosen station:
Amsterdam =
-0.012;
Rotterdam =
insignificant;
Enschede =
-0.025

A proximity
premium of up
to 75 %, but
overall, smaller
effect than
anticipated
Relation
between condo
price and
distance to
station:
insignificant
within 250;
maximum
premium of 4.6
% for 250-750 m

(continued on next page)
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Table 1 (continued)

Author(s), Location Transit

Year system
type and
name

Dependent Result
variable

Transit distance
elasticity:

Shyr et al.
(2013)

Hong Kong
Taipei &
Kaohsiung,
Taiwan

Various House (sales)
rail transit price
systems

Hong Kong =
-0.016; Taipei =
-0.044;
Kaohsiung =
-0.072

A premium of
11 % and 2.6 %
on mean house
price for the
houses located
in the stations’
vicinity and the
entire South
Shore,
respectively

A substantial
premium (up to
40 %) even in
car dependent
corridors and
poorly
integrated
station locations
Distance to a
train station has
a negative
impact on price,
but this effect is
most important
in the lower
price segments
of the housing
market

A proximity
premium of 8.6
% for houses
within 600 m of
a station

A proximity
premium of 1.2
% for properties
within 1.5 km of
a station;
negative effect
for
properties<500
m from a station
and a maximum
premium of 13
% for 701-900
m

Elasticity for
MTR access
improvement
from 2001 to
2011 varies
across different
submarkets from
0.03 to 0.95

Dubé et al.
(2013)

Montreal,
Canada

Commuter Single-family
rail, South home sales
Shore CRT price

McIntosh Perth, Metro Rail Residential
et al. Australia

(2014)

land value

Bohman & Scania Commuter Single-family
region, rail home sales

Sweden price

Nilsson
(2016)

Diao et al.
(2017)

MRT, Non-landed
Circle line private house
(CCL) sales price

Singapore

Mohammad Dubai, UAE Metro rail Residential
et al. property sales

(2017) price

He (2020) Hong Kong MTR (Mass
Transit
Railway)

network

Apartment
sales price

life cycle maturity, the method used, the definition of transport acces-
sibility, the delineation of study area, and contextual determinants such
as land use controls and economic growth (Knight and Trygg, 1977;
Mohammad et al., 2013; Ryan, 1999).

The rest of this section focuses on the operationalization of the
relationship between TI and property values while highlighting four key
factors that can affect the assessment of this relationship: the definition
of transport accessibility indicators and impact area, as well as the
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considered transport mode(s) and impact period.
2.1. Transport accessibility indicators

The operational definition of transport accessibility can significantly
influence the estimated capitalization of improved accessibility into
property values (He, 2020; Ryan, 1999). A host of indicators have been
used to measure transport accessibility, for the most part focusing on
simple continuous variables of distance or travel time to transit stops/
highway exits and dichotomous variables representing the presence of a
transit station within certain distance bands (see e.g., McIntosh et al.,
2014; Ryan, 1999 for a compilation of accessibility measures commonly
used).

However, TI’s impact on land use has network effects. This means
that a change in a specific part of a transport network not only changes
the accessibility of that link or node and the land use in its direct vi-
cinity, but also has consequences for network-level accessibility and
could induce land-use changes in other locations (Giuliano, 2004). A
transit station or a highway exit is not a destination in itself. Thus, not
only is the proximity to a particular station or exit important, but also its
location within the regional transport networks that provide access to
jobs and amenities —and the corresponding time and monetary costs—
play a critical role. Ryan (1999) contends that distance measures of
transport accessibility may not accurately reflect the travel cost reduc-
tion and its beneficiaries. Her review of around 30 transport-property
value studies concludes that those using travel time measures are
more consistent in demonstrating the bid-rent theoretical relationship.
This finding is corroborated by other studies arguing that more complex
network-level accessibility measures better capture the impact of
transport infrastructure on land use changes in general (Kasraian et al.,
2020) and property values specifically (Ahlfeldt, 2013; He, 2020; Mitra
and Saphores, 2016). In short, simple measures of proximity to transport
facilities, which are often used in the literature, do not reflect travel cost
savings and network-level accessibility changes, and cannot capture
adequately the evolution of TI network over time.

2.2. Impact area

The operationalization of transport accessibility goes hand in hand
with the delineation of the impact area. Most studies investigate the
impact of TI confined to the level of a single city and within different
buffers of TI’s catchment areas, while few studies have examined the
regional or system-wide impact of transport accessibility on property
values (Bohman and Nilsson, 2016; Debrezion et al., 2011). However,
the impact of TI, because of its network effects, goes farther than its
direct vicinity. In a notable regional investigation, He (2020) confirms
that the capitalization effect of rail lines exceeds the local catchment
areas and calls for a re-evaluation of land value capture policies. Thus, a
regional perspective is needed to understand the full extent of TI's
impact (Saxe and Kasraian, 2020).

2.3. Transport mode

Depending on the time period and study context, most studies have
focused on the impact of a single transport mode. Examples include the
first (1950s and 1960s) and second (1970s and 1980s) generation US
highway studies, and the first (1970s and 1980s) and second generation
(1990 onwards) US transit studies focusing on heavy and light rail,
respectively (Ryan, 1999). More recently, due to an increasing interest
in (re)investments in sustainable transport modes and their growing
market, a series of studies have emerged focusing on the land value
uplift caused by pedestrian and transit-oriented developments (TOD)
around the world (Bartholomew and Ewing, 2011).

Studies focusing on one transport mode overlook the competition
between different modes on property values. To identify the impact of a
specific transport mode like transit, competing modes should also be
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included (Debrezion et al., 2011). The presence of an alternative
competitive transport mode, such as car versus transit, is argued to be
contributing to the diversity of findings. For instance, the reason behind
transit’s non-existent or negative impact on property values in certain
areas could be the failure of transit to provide a viable alternative to the
residents and users of these areas compared to other modes, such as cars
(Mohammad et al., 2013).

2.4. Impact period

The longitudinal relationship between transport accessibility and
property values has not received as much attention as the cross-sectional
relationship. A large number of studies use (pooled) cross-sectional data
and demonstrate lower property value changes compared to studies with
panel or time series data (Mohammad et al., 2013). However, in loca-
tions that are already developed and enjoy high levels of accessibility,
cross-sectional findings tend to over-predict the impact of transport
projects or improvements (lacono and Levinson, 2017).

Panel data can capture changes over time, which is needed for
assessing the impacts of a dynamic TI system. It is argued that variations
found in the results of previous studies can be due to the time period
during which the TI's impact is measured in relation to its life cycle
maturity (Mohammad et al., 2013; Ryan, 1999). There are different
justifications for the varying impacts of TI on property values depending
on the study period. Giuliano (1989) argues that the marginal increases
in accessibility due to the American interstate highway construction
were initially strong enough to cause changes in land use patterns and
property values but reduced over time. Landis et al. (1995) suggest that
the variations in property values follow the degree to which land mar-
kets have adjusted to the travel cost savings caused by new or improved
TI. Thus, property value growth follows a logistic curve, where prices in
the vicinity of new TI are initially low, then appreciate and eventually
become inelastic to further TI investments. On the other hand, it is also
shown that property values can rise at the time of announcement of new
TI and in anticipation of its arrival (Golub et al., 2012; Knaap et al.,
2001; McDonald and Osuji, 1995), and that the initial perceived gains at
the announcement time are usually higher than the actual benefit ach-
ieved after the stabilization of the rail system (Bae et al., 2003). The
development of property values over time also depends on how the
competition between different transport modes unfolds. For instance, a
new rail station may initially fail to provide a car-dependent neighbor-
hood with significant accessibility gains. Over time, however, and with
the increase of disincentives for car use (e.g., congestion and/or penal-
izing policies), it may become a viable car competitor, attract passengers
and hence influence property values. All in all, it can be concluded that
the true impact of TI investments on property values can only be studied
longitudinally. Furthermore, panel data estimators are also likely to
produce more accurate estimates, as they control for unobserved het-
erogeneity, which are often assumed to be time-invariant (Hsiao, 2003).
Finally, longitudinal land use-transit models can help predict land value
increments over a period for the purpose of value capture financing
(Smith & Gihring, 2006).

2.5. Current study in context

In conclusion, the role of network-level transport accessibility and
intra-regional spatial heterogeneity on property values have been under-
researched in the existing literature. Furthermore, recent literature fo-
cuses for the most part on the land/property value uplift of transit im-
provements. However, comparing transit with car over time will reveal
the extent of competition between the two modes and its development as
both networks expand over the years. Finally, more longitudinal
research is needed to capture the impact of TI network expansions on
property values over time.

Considering the gaps in the existing literature, our paper’s contri-
bution is threefold. First, it takes the network-level regional accessibility
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into account. Second, it investigates the relationship between transport
accessibility and property values while controlling for both car and
transit accessibility rather than focusing on one mode. Third, it measures
this relationship over time and across space, while testing various po-
tential determinants.

3. Data
3.1. The GTHA

The GTHA houses a population of around seven million (2016
Census) and consists of the Cities of Toronto and Hamilton and regional
municipalities of Durham, Halton, Peel and York (Fig. 1). The GTHA has
for some time been consistently the most rapidly growing urban region
in North America. As a result of this growth, like other successful global
urban regions, the GTHA has experienced rapid and sustained increases
in housing prices (Fig. 2), creating challenges with respect to housing
affordability, especially for younger and lower-income households. At
the same time, transport (particularly transit) infrastructure investment
has not kept pace with the region’s population and economic growth,
resulting in increasing congestion on both its road and transit networks.
Thus, the region is becoming increasingly costly to live in and difficult to
move around, threatening its potential for continued growth and pros-
perity in the long run.

The GTHA is served by a multimodal transport system, consisting of
an extensive road network and transit systems ranging from buses,
streetcars, bus rapid transit, light rail and subway to commuter rail.
While Toronto’s subway system caters to intra-city transit demand
through its two main north-south and east-west lines, the Government
of Ontario (GO) Transit’s commuter rail provides inter-regional con-
nectivity to the downtown core of Toronto from the outer suburbs as
well as from the City of Hamilton. Property values in the GTHA have
been increasingly rising in recent years in line with the growth in pop-
ulation and demand for housing (Table 2).

3.2. The dependent variable

This study models median sales prices of single-family homes at the
DA level as the dependent variable. Out of 9182 DAs in the GTHA as per
the 2016 Census, 6319 DAs have been included in the final database, as
DAs without transaction records in one or more time points were
excluded, resulting in a total of 101,104 observations over the 16-year
time period. The sales prices at the DA level are based on a sample of
694,111 single-family home plots, responsible for approximately 1.3
million sales transactions, between the years 2001 to 2016, which is
considered a large sample compared to similar studies (see Bartholomew
and Ewing (2011) for a number of comparable studies and their number
of observations). The data on sales transaction values were extracted
from Teranet’s property sales dataset. The property sales records,
maintained and updated annually by Teranet Inc., include information
on Property Information Number (PIN), date of sale, sales price, address
and geographic coordinates of the parcel centroid, since the early 1800 s
to 2017 for the Province of Ontario. However, the records lack structural
characteristics of the building and land plot as such data were not
available free of charge. Dwelling typology was identified by joining the
geo-coded parcels with detailed land use datasets for the Greater Tor-
onto Area (sourced from an academic field survey completed between
2011 and 2013 by the Department of Geography and Planning students
at the University of Toronto) and the City of Hamilton’s open data
portal. The data cleaning and joining process is explained in detail in
Appendix B. Both average and median sales prices at the DA level were
considered for the dependent variable in the model. Ultimately, the
median sale price was chosen to be the dependent variable as it pro-
duced better model performances and has the advantage of being
insensitive to outliers. All sales prices are inflated to 2018 Canadian
Dollars (CAD).
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Fig. 1. The GTHA and its transport infrastructure networks in 2016.

Fig. 2 shows the annual trends of single-family home sales trans-
action count in the final dataset and average sales price of single-family
homes in the GTHA, where the effects of the 2008 financial crises are
clearly seen. Interestingly, despite the significant growth in GTHA
population and housing stock, the number of transactions of single-
family home sales has remained relatively stable and even declined
over the study period. This is due to the decreasing share of single-family
homes in the region over the years (Table 2) as other types of dwelling, i.
e., attached houses and especially condominium - apartments, have
become more preferred and affordable for (especially first time) buyers.
The geographic distribution of DA-level median sales prices for single-
family homes for year 2016 are shown in Fig. 4.e.

3.3. The tested and chosen independent variables

This section outlines the different independent variables that were
tested and highlights the final set of chosen variables used in the models
under the three sub-categories of built environment, socio-economic,
and transport accessibility indicators. The procedure for the selection
of the final set of variables is explained in Section 4.2. The choice of
variables. Sales prices are modelled as a function of built environment,
socio-economic, and transport accessibility characteristics of the DA
which houses the property. Thus, a DA-level longitudinal geo-coded data
on the three categories was collected (see Appendix A for the variable

definitions and their sources). Data available at different spatial units (e.
g., varying census boundaries of different time points, data at the traffic
analysis zone (TAZ) level) were made consistent over time using the
2016 DA boundaries as the spatial analysis unit, through an areal-
weighted interpolation in ArcGIS. Data sourced from Statistics Canada
Censuses and TTS (household travel survey of the GTHA, managed by
the Data Management Group (DMG) at the University of Toronto
Transportation Research Institute) exist at every-five-year interval —
2001, 2006, 2011 and 2016. Census year data were applied to non-
Census years at five-year mid-blocks to generate a continuous data-
base for the 2001-2016 time period (e.g., Census data for 2006 has been
applied to years 2004-2008, inclusive).

e Built environment indicators: In the absence of structural property
variables (property characteristics such as number of bed/bath-
rooms, garages and property condition were not available free of
charge), we have used neighborhood (DA) averages for dwelling
related variables provided by Census. These include DA averages for
dwelling typology, condition and age, as well other variables like
population density. DAs’ distance to the central business district
(CBD), access to various public amenities, and the share of different
land uses were calculated in ArcGIS based on the Enhanced Points of
Interest (EPOI) shapefiles (DMTI Spatial, 2013) and land use data
(DMTI Spatial, 2014).



D. Kasraian et al.

Case Studies on Transport Policy 11 (2023) 100932

1,000,000

900,000

800,000

700,000

600,000

500,000

400,000

300,000 *

200,000

100,000 M

—a

0
— ™~ m =t "a} o r~ @0 ) Q — o~ m =t 's} o
o o o o o o o o o - - - - — — —
o o o o o o o o o o o o o o o o
o~ o~ o~ o~ o~ o~ o~ o~ o~ ~ ~ ~ o~ o~ ~ o~

@ Transaction count @ Average sales price - Median sales price

Fig. 2. Trends of average and median annual sales prices ($) and transaction counts for single-family homes in the GTHA (2018 CAD).

Dwelling density was used to capture the variation in the level of
urbanity across the study area rather than administrative units. Here,
terciles of dwelling density (including all dwelling types in a DA) were
used as proxies for high-, medium- and low-density areas, which roughly
correspond with arears with urban, suburban and rural characteristics
respectively. The result is groups of areas that are not necessarily
contiguous but have the same density (Fig. 3).

The final chosen built environment variables were the DAs’ popula-
tion density, percentage of single-family homes and percentage of dwellings
with structure age over 45 years.

e Socio-economic indicators: These include age cohorts, marital and
immigration status, ethnicity, household characteristics, income,
education, employment, place of work and commuting mode, share
of rented and owned dwellings, and shelter costs sourced from the
Census and school rankings from the Fraser Institute (Cowley &
Macleod, 2019). Other socio-economic variables such as job density,
household-level full-time workers and auto ownership data were
derived from the TTS. Macroscopic supply and demand fundamen-
tals were factored in as explanatory variables for house price
appreciation by including municipal population growth rate, the
municipal unemployment rate, annual Bank of Canada prime lending
rate and regional-level percent change in annual single-family
dwelling starts (an economic indicator that reflects the number of
privately owned new houses) and annual violent crime severity
index.

The final socio-economic variables included in the models were DAs’
average household size and unemployment rate.

e Transport accessibility indicators: Local accessibility is measured by
straight-line and network distance to the nearest GO/subway station
from a DA’s centroid, the number of rail transit stations in one-km

buffer of a DA centroid and binary variables indicating the dis-
tance to the nearest rail transit station as being within 0 m — 800 m,
800 m — 1600 m, 1600 m — 3200 m, or greater than 3200 m.

Regional accessibility indicators include average potential travel
times between zones by auto/transit (Fig. 4.a&c), and regional potential
accessibility by auto/transit (Fig. 4.b&d). The travel times were calcu-
lated using auto and transit origin—destination (O-D) travel times from
TTS. Year-specific road and transit network models were used for
calculating network travel times and distances to capture the effects of
road congestion and changes in road and transit supply as a behaviorally
relevant proxy for accessibility between zones (Hess et al. 2007). Road
and rail transit networks, incorporating rail station opening dates were
extracted from Equilibre Multimodal/ Multimodal Equilibrium (EMME)
networks developed by the University of Toronto Transportation
Research Institute’s Travel Modelling Group (TMG) for each time point.
Travel demand for years 2001, 2006, 2011 and 2016 was used to
calculate congested network travel times under peak AM traffic condi-
tions from each TAZ to every other TAZ on EMME using the determin-
istic user equilibrium (DUE) assignment method. The modeled transit
network also includes the bus and streetcar networks and their corre-
sponding routes and schedules for the analyzed time points. Thus, their
presence for the first mile access to transit is taken into account. Bicycle
access to transit was negligible in GTHA during the study period (Xi
etal., 2016). Park & ride is an important access mode for GO Rail. This is
captured to first order by the “Distance to nearest GO transit station”
variable. EMME transit assignment procedure calculates transit paths
between O-D zones, based on multi-modal transit network and service
schedules, including link frequencies and travel times.

The calculated auto and transit times were used to generate gravity-
based measures of accessibility to population and jobs as proxies for
available opportunities. These network-level variables indicate regional
potential accessibility by auto and transit (henceforth referred to as
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regional auto/transit accessibility). They combine a positive function of
destination size (amount of population/jobs) with an inverse function of
travel cost (travel time) to all destinations (see Appendix C for more
detail on the construction of these variables).

During the initial exploratory analysis of the dataset, auto and transit
accessibility were found to be highly correlated. However, in order to
investigate the competition between the two modes, both accessibility
variables should ideally be included in the models. This problem of
multicollinearity was addressed by creating variables which measure
the change in local and regional auto and transit accessibility from our
baseline year (2001).

The finally chosen local accessibility indicators were change in dis-
tance to nearest highway exit and change in distance to nearest GO transit
station (changes in travel times to exits and transit stations behaved
similarly). Change in regional transit accessibility and the change in regional
auto accessibility made it to the final model as well (gravity based vari-
ables of access to jobs were also tested and had a similar performance).

The descriptive statistics of the key variables are shown in Table 3.
4. Methods

The standard economic tool for estimating sales price determinants is
hedonic price (HP) modelling, formalized by Rosen (1974). This is a
revealed preference method which derives the implicit price of various
attributes for composite goods like a house. By separating the attributes
of a housing unit into homogenous attributes, the implicit price of each
attribute can then be used to estimate its market value. In general, the
hedonic price model can be expressed as:

P =f(S, N, E) where P is sales price, S are the structural character-
istics of the house itself (e.g., floor area, number of rooms, etc.), N are
the attributes of its neighbourhood (e.g., socio-economic characteristics)
and E are the environmental characteristics (e.g., proximity to ame-
nities). Typically, the implicit price of each characteristic is estimated
using multiple regression analysis, with various functional forms. The
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most common specification used in the literature are the semi-log and
log-log forms, which have the advantage of correcting for hetero-
scedasticity and capturing non-linear relationships (Andersson et al.,
2010; Helbich et al., 2014).

4.1. The choice of model

Sales prices have been shown to cluster geographically and capital-
ization of accessibility is shown to vary across different submarkets.
Since the price of a dwelling is partly determined by its surrounding
features, housing sales prices inherently exhibit spatial effects (Dubin,
1992; Pace et al., 1998). More specifically, the issues of spatial hetero-
geneity, which refers to the variation of regression coefficients across
space, and spatial autocorrelation, which suggests there is interdepen-
dence between observations that are geographically close to one
another, must be addressed when modelling housing sales prices. Thus,
there is a need for a temporally and spatially sensitive model that can
account for i) the panel structure of the data, ii) spatial autocorrelation,
and iii) spatial heterogeneity across different submarkets. The above
requirements were addressed by applying:

e Panel models that control for the data’s longitudinal nature.

e Spatial models to account for the spatial autocorrelation (further
explained below).

e Separate models for different submarkets (low, medium and high
density areas) to control for spatial heterogeneity.

Several specifications have been proposed to account for the spatial
effects in hedonic price models, all of which can be easily extended to

panel datasets as parameters are assumed to be fixed across time pe-
riods. Appendix D provides a brief overview of the most common spatial
panel models which were tested here; for a more in-depth explanation of
spatial models, refer to LeSage and Pace (2009) and Elhorst (2010).

The DAs were separated into low, medium and high density areas (as
described in Section 3.3. The tested and chosen independent variables) and
three corresponding spatial weight matrices were generated to create
the spatially lagged variables used in our models. A first-order binary
contiguity-based weight was used to represent the neighboring structure
of observations as an N x N matrix, where the spatial weight wy is 1 if
DA i and j share a common edge or vertex (i.e., queen contiguity), and
zero otherwise. The resulting matrix is symmetric, and the diagonals of
the matrix are set to zero to exclude the influence of a DA on itself. It is
common practice to normalize spatial weights to remove the effects of
scale factors, thus the matrix was row normalized such that the weights
in each row have a sum of one. Doing so allows the weights to be
interpreted as the fraction of all spatial effects on i attributed to j. An
inverse-distance matrix was also tested, but the resulting model did not
perform according to theory, thus suggesting that it is not the correct
specification given our dataset and model structure.

A variety of spatial model specifications were tested, including the
spatial autoregressive model (SAR), spatial error model (SEM), the
spatial lag of X model (SLX) and the spatial Durbin model (SDM) (see
Appendix D for definitions of these models). All of the spatial panel
models were estimated using Stata 13 and the xsmle package, which
uses a quasi-maximum likelihood method to fit the model (Belotti et al.,
2017). The SDM was ultimately excluded from our study as the model
did not converge. Time-invariant specific effects (denoted by a in
Equations D.1, D.2, D.4, and D.5 in Appendix D) are included in panel
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Table 2
Growth in population, housing stock, share of single-family homes and median
sales price, per regional municipality and the GTHA.
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Table 3
Descriptive statistics of variables over the study period in the sample at the DA
level.

2001 2006 2011 2016 Variable 2001 2006 2011 2016
Halton (1) Median price [2018 CAD]
F‘opulation1 375 439 502 548 Mean 367,421 477,149 555,942 873,081
Total housing stock™? 133 157 179 193 Std. Dev. 202,928 266,341 279,676 497,161
% Single-family homes 79 83 60 58
Median annual sales price 387,415 507,598 605,205 896,627 ) 3
of single-family homes® (Zi Pg;)ulanon density [people/
m
Mean 3,824 4,028 4,179 4,191
Hamilton Std. Dev. 2,976 2,925 3,142 3,240
Population 490 503 520 537
Total housing stock 188 193 204 212 o i
% Single-family homes 65 68 58 57 (3) % Single-family homes
Median annual sales price 232,546 282,102 306,237 452,262 Mean 7282 7232 68.45 67.52
. . Std. Dev. 28.11 26.42 28.79 29.00
of single-family homes
Durham (4) % Dwellings with structure
Population 506 561 608 646 age over 45 years
Total housing stock 171 194 213 228 Mean 2127 31.50 37.20 42.70
% Single-family homes 80 82 67 67 Std. Dev. 25.64 33.82 34.49 37.38
Median annual sales price 266,597 326,807 357,334 550,585
of single-family homes (5) Average household size
[person]
Mean 3.04 2.98 2.95 2.93
York
Population 729 892 1,032 1,110 Std. Dev. 0.51 0.50 053 0.52
Total housing stock 223 275 323 357
% Single-family homes 86 88 67 64 (6) Unemployment rate
Median annual sales price 408,312 535,133 657,262 1,108,546 Mean 5.77 6.51 8.51 7.56
of single-family homes Std. Dev. 1.24 1.12 1.15 1.03
Toronto (7) Distance to nearest highway
Population 2,479 2,492 2,615 2,732 exit [m]
Total housing stock 937 969 1,046 1,113 Mean 3,459 3,416 3,363 3,118
% Single-family homes 51 55 26 24 Std. Dev. 4,347 4,354 4,252 3,484
Median annual sales price 427,627 558,844 669,849 1,052,359
of single-family homes
(8) Distance to nearest GO transit station [m]
Mean 4,605 4,487 4,442 4,415
Peel Std. Dev. 4,958 4,926 4,827 4,815
Population 988 1,158 1,297 1,382
Total housing stock 308 356 403 430
9% Single-family homes 74 78 46 46 (9) Regional auto accessibility
Median annual sales price 407,791 466,593 547,954 771,026 Mean 945,685 1,071,930 1,095,262 1,110,604
of single-family homes Std. Dev. 427,816 459,094 489,810 512,638
Total (10) Regional transit
Population 5,566 6,045 6,574 6,954 accessibility
Total housing stock 1,961 2,143 2,369 2,533 Mean 102,389 107,594 126,066 120,113
% Single-family homes 64 69 44 43 Std. Dev. 79,946 82,770 90,388 85,344
Median annual sales price 236,000 332,000 443,000 670,000

of single-family homes

Notes: ! In thousands; 2 sum of single-family and attached houses and apartment
units; ® in 2018 CAD;

models to control for individual heterogeneity and account for unob-
servable differences at the DA level. These effects can either be treated as
fixed parameters, resulting in a fixed effects (FE) model, or as a random
variable that follows a probabilistic distribution (e.g., normal), other-
wise known as a random effects (RE) model. The choice between FE and
RE model in panel data analysis is determined using the Hausman’s test,
which evaluates whether unique errors are correlated with the explan-
atory variables. If there is no correlation between the regressors and the
group-level effects, an RE model is an efficient and consistent estimator
of the true parameters (Hsiao, 2003). Here, the null hypothesis of the
Hausman test was rejected, thus suggesting that FE is more appropriate
for our model specification. Including DA-specific effects that are con-
stant over time controls for bias due to omitted variables in our model
(Hsiao, 2003). Finally, a dynamic model specification containing a
lagged (in time) dependent variable was also estimated using the

generalized method of moments; however, the lagged dependent vari-
able was found to be insignificant.

Each model specification was evaluated based on the significance of
independent variables, as well as its information criterion and log-
likelihood (see Appendix E). The SLX results were discarded as several
accessibility variables did not comply with theoretical expectations (i.e.,
their main effects turned out non-significant while they had high cor-
relations with the outcome variables and behaved consistently across
other (non) spatial models). Ultimately, the SEM model was selected as
the best model over a similarly performing SAR model. Although the
SEM is unable to measure the effects of spillovers and only provides
information about the direct effects of determinants, the global spill-
over effect obtained from the SAR model (which means that a change
in an independent variable at any DA affects the median sales price in all
other DAs, regardless of their location) is hard to justify (Elhorst and
Vega, 2013; Gibbons and Overman, 2012).

Three different SEMs were estimated, one for each submarket (low,
medium, and high density areas). Although not all of the explanatory
variables were significant across the three models, the same
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specification was kept to allow for comparison between the models.
Finally, interaction of independent variables with time were included to
measure changes in their shares in sales prices over time but were found
to be insignificant and were removed from the models.

4.2. The choice of variables

The sales price in DA i at time t is estimated by its built-environment,
socio-economic and transport accessibility characteristics. The choice of
a suitable subset of variables that best explain variations in sales price
was based on a systematic process. First, correlations between the in-
dependent and dependent variables were computed for each of the three
variable groups (i.e., built environment, socio-economic and transport
accessibility variables). Second, univariate and then multivariate
models with different combinations of variables having high correlation
with the dependent variable were estimated. Here, variables empha-
sized by and in line with theory were included.

Multicollinearity was controlled for by testing the correlation be-
tween pairs of variables as well as the models’ mean collinearity indi-
cated by the variance inflation factor (VIF) indicator. The final choice of
variables was based on theoretical expectations, while controlling for
collinearity between variables, and assessing various model perfor-
mance statistics such as the VIF and log-likelihood. Only the statistically
significant and theoretically sound variables were selected from the
extensive pool of independent variables for estimating the models. The
final choice of variables includes 3 built environment variables (i.e.,
DA’s population density, share of single-family homes and share of
dwellings with structures age over 45 years), 2 socio-economic variables
(DA’s average household size and unemployment rate) and 4 transport
accessibility variables (changes in distance to nearest highway exit/GO
transit station and changes in regional auto/transit accessibility).

The same procedure was repeated for choosing the most suitable
functional form for the models including linear, semi-log and log-log
formulations. A double-log function was chosen where a constant elas-
ticity is assumed for all variables as it resulted in the best model fit. Thus,
all continuous variables are log transformed because, as previous
research suggests, the dependent and independent variables are likely to
have a non-linear relationship. This logarithmic transformation also
reduces the risk of heteroscedasticity. Finally, the log-log formulation
allows for the estimated parameters can be interpreted as elasticities.

5. Results

Table 4 shows the results of the three SEM models estimating median
sales prices at the DA level, by a combination of built environment,
socio-economic and transport accessibility variables. To correctly
interpret the coefficients of spatial models, the partial derivatives of
each explanatory variable K must be calculated. For a SEM with a row
normalized spatial weight matrix, the calculation simplifies such that g
coefficients can be instantly interpreted as direct effects (Golgher and
Voss, 2016). For example, the direct effect of average household size in
the low density model is 0.160, meaning that a 10 % increase in average
household size within a specific DA will result in a 1.6 % increase in
median sale price for that DA, ceteris paribus.

The built environment and socio-economic variables behave as ex-
pected and more or less similarly, with variations across the low-high
density spectrum. Higher population density of a DA is related to its
higher sales prices in the low and medium density areas. In the high
density areas, however, this relationship is not significant. This can be
explained by the fact that higher population density in low and medium
density areas is a proxy for the presence of amenities and job opportu-
nities which are relatively lacking, and thus favored in these areas. In the
high density areas, however, high population density is likely associated
with negative externalities of density (e.g., congestion, air and noise
pollution, lack of privacy and/or access to green spaces) that are not
favored by home buyers in general and single-family home buyers in
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Table 4
SEM models estimating median sales prices of single-family homes at the DA
level.

SEM
(1) Low (2) Medium (3) High
density density density
Built environment
Population density 0.030%** 0.047%%* 0.003
% Single-family homes 0.015 0.009 0.009*
% Dwellings with structure age ~ —0.009*** —0.003* —0.008%**
over 45 years
Socio-economic
Average household size 0.160*** 0.096*** 0.082%**
Unemployment rate —0.062** —0.172%%* —0.356%**
Transport accessibility
Change in distance to nearest 0.008* 0.021** 0.546%**
highway exit
Change in distance to nearest 0.023** 0.006* 0.126**
GO transit station
Change in regional auto 0.052%*** 0.093%*** 0.011
accessibility
Change in regional transit 0.107%** 0.032* 0.010*
accessibility
Time Dummies
2002 0.045%** 0.059%** 0.055***
2003 0.115%** 0.115%** 0.115%**
2004 0.118%** 0.205%**
2005 0.158%*** 0.233***
2006 0.197%** 0.277%%*
2007
2008
2009
2010
2011
2012 0.455%** 0.608***
2013
2014
2015
2016 0.820%** 0.8171%*** 0.929%**
lambda 0.139%** 0.138%** 0.095%**
sigma2_e 0.032%** 0.024%*** 0.030%**
Log-likelihood 9846.38 14767.54 11199.9
AIC —19640.8 —29483.1 —22347.8
BIC —19421.7 —29264 —22128.8
Observations 33,712 33,696 33,696

Notes: All variables are In transformed and all models include year dummies; * p
< 0.05; ** p < 0.01; *** p < 0.001.

specific. A higher percentage of single-family homes in a DA relates to a
higher sales price in high density areas. This low density typology is
more favored by the market especially in the high density areas and is
also an indication of higher wealth of the DA residents in general. As
expected, the percentage of old housing stock (over 45 years) has a
negative impact.

A larger average household size in a given DA is associated with a
higher sales price. This indicator is a proxy for the average property size
in the DA and behaves as expected as larger households probably occupy
larger houses that in turn are likely to cost more. The positive coefficient
of household size for sales price is larger in medium density and espe-
cially in low density areas. This is probably because there is a stronger
relationship between household size and dwelling size in these areas
compared to high density areas. On the other hand, the negative asso-
ciation of municipal unemployment rate with sales price is highest in the
high density areas (these areas also show a higher unemployment rate
on average).

The accessibility variables show the change in the local and regional
auto and transit accessibility from the base year 2001. For example,
change in distance (d) to nearest highway exit for year t is calculated as
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(d; —da001)- Here, a negative value at year t represents a smaller distance
to the highway exit compared to the base year 2001, which means the
distance has been shortened due to the addition of a new highway exit.
The interpretation of the “change in distance to nearest highway exit/
GO transit station” variable (d; —dag01) is the same as the “distance to
nearest highway exit/GO transit station” variable (d;), as the first is a
linear transformation of the latter.

The network-level regional transport accessibility indicators are
confirmed to generally have an effect on sales prices, although the size
and significance of their impact vary across the three submarkets and
differ between the two modes. These variables measure a zone’s overall
connectivity to all possible destinations in the region and capture the
effects of road congestion and changes in road and transit supply over
time in combination with access to population centers across the region.
Car regional accessibility is shown to play a more important role in the
medium density areas. Interestingly, the results suggest that low/me-
dium density areas can potentially see higher percent gains in sales
prices due to improved regional transit than in high density areas. The
insignificant and negligible contributions of car and transit regional
accessibility to high density areas is possibly because both road and
transit accessibility are already high in these areas and their marginal
improvements have limited value (see the final section for a detailed
discussion on the role of regional transport accessibility and its policy
implications).

The models also show that proximity to a highway exit has a negative
effect on sales prices, particularly in high density areas where the effect
size is seen to be the largest and most significant. Other studies have also
observed similar findings; for example, Carey and Semmens (2003)
found that while being located near the Superstition Freeway (US-60)
had a positive effect on multi-unit dwellings and commercial properties,
it produced an adverse impact on the property values of single-family
homes. One possible explanation for this could be that while highway
developments improve the accessibility of an area, they also induce an
increase in noise and air pollution as well as traffic intensity levels.
Another possible explanation could be that highways act as barriers that
sever communities and have detrimental impacts on their social cohe-
sion and people’s fluid mobility. The distance to a highway also pro-
duces a negative impact in medium density/suburban areas, albeit the
effect size is notably smaller. This could be because these areas are
located near commercial hubs. Many retail strips or big box stores are
located near suburban highway ramps, and correlations show that
proximity (800 m buffer) to supermarkets and malls has a negative
impact on single-family home prices. Lastly, the distance to a highway
exit in low density areas was found to have the smallest negative impact
on sales prices, which is likely attributed to the fact that pollution and
traffic congestion is less of a problem in low density/rural areas. This
confirms earlier findings indicating that the negative effect of motor-
ways on housing values is less pronounced in rural areas compared to
urban areas (Paliska and Drobne, 2020).

Additionally, the impact of local transit accessibility was analyzed in
the models by similarly including a variable which measured the prox-
imity of a DA to the nearest GO Transit station. Based on the positive and
statistically significant coefficients in all three models, it is observed that
the proximity to a GO Transit station has a negative effect on sales
prices. Although this may seem counterintuitive as being near a transit
station would improve accessibility, it is important to clarify that the
negative effects are specific to being near a GO Transit station; the
proximity to a subway station was found to have a positive relation with
sales prices, though it was statistically insignificant. Some previous
studies have shown that areas close to the (heavy) rail stations have a
“disamenity zone”, where negative externalities like noise, pollution,
vibrations, crime, or unsightliness, offset the accessibility benefits and
decrease property values (Bowes and Ihlanfeldt, 2001; Bartholomew
and Ewing, 2011; Seo et al., 2014). Due to the GO Transit’s aboveground
stations and rail tracks, the positive impacts of being near transit are
very likely to be undercut by these negative externalities.
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Furthermore, being close to a GO station has the largest effect on
sales prices in high density areas and the smallest effect in medium
density areas. This is probably because people living in high density
areas are less likely to find a commuter rail service to be beneficial,
whereas on the other hand, there is greater perceived value of being near
a GO Transit station in the suburbs as they connect residents to the
downtown core. In summary, while proximity to GO Transit stations
seem to reduce the sales prices of single-family homes generally across
the GTHA, houses in low and medium density areas seem to experience a
slower decline in sales prices with distance from GO stations than houses
in high density areas.

Trends in the time fixed effects (year dummies) show that controlling
for socio-economic, built environment and transport access variables,
sales prices have been significantly and steadily increasing over the
study period compared to the base year of 2001 in all three submarkets
(Fig. 5). As expected, the prices show the highest growth in the high
density/urban segment. Interestingly, prices in the low density/rural
segment show a slightly higher increase than the medium density/sub-
urban one. This could be attributed to the presence of relatively larger
homes and higher income communities in these areas.

6. Conclusion, discussion and policy implications

This work presents a long-term empirical investigation of the role
transport accessibility on single-family home sales prices from 2001 to
2016 in the Greater Toronto and Hamilton Areas (GTHA). It measures
the price gains from the development in both auto and transit networks,
at the local and regional levels, and over different submarkets (low,
medium and high density areas), while testing various potential de-
terminants and spatial effects.

It is important to note the main caveat of this study, namely the
absence of structural variables for single-family homes (data not avail-
able free of charge) and the consequent need for the aggregation of in-
dicators at the DA level. However, the investigated longitudinal dataset
has a relatively large number of observations (around 100.000 obser-
vations over a 16-year time period) and reveals aggregate sales price
patterns across a metropolitan region with different development types
while focusing on the role of regional transport accessibility. This paper
makes several contributions to the accessibility and sales price research
field.

First, our results confirm the significant relationship of certain socio-
economic and built environment indicators (i.e., population density,
percentage of single-family/over 45-year-old dwellings, average
household size, unemployment rate) with sales prices, with variations
observed over the low-high density spectrum. It is interesting to observe
that, with macro-economic and region-wide trends like population
growth and unemployment rate in the background, certain areas have
become more attractive to home buyers and have witnessed increasing
sales prices. The time-fixed effects show that, while controlling for so-
cioeconomic, built environment and transport access changes, sales
prices have increased in all three submarkets (increases are led by the
high density, then the low density and finally the medium density areas)
over the study period, except for short halts around the 2007 to 2009
period coinciding with the economic recession. The statistical insigni-
ficance of interaction of independent variables with time show that the
determinants’ shares in sales prices have been fairly stable over the
study period.

Second, while our results confirm that access to GO transit positively
influences sales prices when considering regional accessibility, an in-
verse relationship is found at the local level. It is important to note that
the negative relation has been found with GO transit which is an above
ground heavy rail system, thus with more nuisance for its direct sur-
roundings in terms of noise, vibrations, and unsightliness. GO stations
are also often located in pre-existing rail corridors that are often less
attractive for development. This relationship could be explained by the
negative externalities of the aboveground GO stations and rail tracks and
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Fig. 5. Time fixed effects’ trends per area.

is most influential in high density areas where residents are less likely to
benefit from commuter rail. Furthermore, our focus on single family
homes is likely to play a role in the identified negative relationship. As
this segment aims for a more private and quite residential typology, it is
potentially more sensitive to dis-amenities of such transit stations.
Future works could expand the analysis to other dwelling types,
potentially identifying different relationships between sales prices and
local/regional transport accessibility. Similarly, proximity to highway
exits plays a negative role in single-family homes’ sales price in both
medium and high density areas, which is likely due to negative highway
externalities (higher noise/air pollution/proximity of big box stores/
community severance) in these areas.

Third, and most importantly for this paper’s primary hypothesis, the
findings confirm that regional potential accessibility does indeed play a
significant role in sales prices, over and above local proximity to TI. The
regional potential accessibility used is a gravity-based measure of a
zone’s accessibility to population centers (proxy for opportunities)
across the region, and it captures the effects of road congestion and
changes in road and transit supply over time. This finding is very sig-
nificant from a policy analysis perspective in that it clearly shows that TI
improvements have not just local “near-field” impacts (e.g., immedi-
ately around a transit station or immediately along a BRT or LRT
corridor) but also region/network-wide “far field” impacts. These reflect
the fundamental fact that the transport system is a network. Any change
in one component of the network potentially affects the connectivity/
accessibility of many (and often a very large number of) points across
the region. This fact, however, is more often than not ignored in even
large planning/investment studies, in which only local impacts (positive
and/or negative) are considered. In such cases, important benefits and
costs are almost inevitably ignored, often leading to sub-optimal and
possibly unwanted outcomes.

Fourth, it is also very important to note that the contribution of
regional accessibility varies by mode and across space. Specifically,
regional accessibility by car plays an important role in the medium
density areas, while regional transit accessibility is more impactful in
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the low density areas. The numerically low and statistically insignificant
contributions of regional transport accessibility (by transit and car,
respectively) to sales prices in high density areas can be argued to be
based on the TI’s life cycle maturity in these areas. Land markets have
seemingly adjusted to the accessibility gains due to improvements in the
car and transit networks in high density areas and are no longer sus-
ceptible to change.

Interestingly, sales price gains related to transit accessibility im-
provements are strongest in low density/rural areas. This seemingly
counter-intuitive finding is also corroborated by Shyr et al. (2013) and is
economically justifiable. High density areas are more likely to be already
benefiting from a viable transit system with a high regional network
coverage. Hence the marginal increase in transit accessibility is not
likely to increase price premiums. In transit-poor areas, however, access
to transit can make a significant contribution and hence is capitalized in
sales prices.

It should be noted that sales price gains related to transit accessibility
improvements in low and medium density areas do not necessarily mean
that their residents are using transit. While our study has not included
ridership changes in the analysis, there is evidence elsewhere that higher
GO rail ridership is associated with favorable TOD characteristics near
GO stations, which are mainly located in low-medium density areas
(Akbari et al., 2018). Moreover, in terms of local context, while Toronto
is a polycentric metropolis, the downtown/central area is a very domi-
nant regional center that attracts workers and other trip-makers from
throughout the GTHA. As a result, auto access to the central area is very
congested (by North American standards). Thus, suburban rail access to
the central area is highly valued. In short, while not all who live near
suburban stations will use transit to commute downtown, those who do,
find it a very attractive place to live.

It is also useful to mention that the pronounced role of regional
transit accessibility in sales prices in low and medium density areas
could likely be due to a major regional transport policy introduced in
2008 to provide an integrated regional transit network (The Big Move -
Metrolinx, 2008). This policy highlighted GO stations as focal points of
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urban development in combination with operation of high frequency
services. The majority of these stations are located in areas with low and
medium densities (Fig. 3). While it is still “early days” in terms of
assessing the impacts of “Big Move” policies, it is arguable that some
effects are being seen from this policy, at least as captured in housing
price changes in low and medium density areas. Fig. 6 specifically il-
lustrates low density areas that have witnessed the highest increase in
regional transit accessibility as well as the highest price gains during the
2001-2016 period (top terciles in both cases). It can be observed that
most of the high-increase areas are relatively close to rail lines, espe-
cially when good local transit and auto access to these lines is accounted
for. The two notable exceptions are in north Whitby in Durham Region
to the east of the City of Toronto, which has excellent highway con-
nections, and in Caledon in Peel Region to the west of Toronto, which is
an attractive development site for high-end estate housing.

In short, the results indicate that regional network-level travel time
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savings resulting from TI investments are capitalized in areas beyond the
direct vicinity of transit and highway infrastructure and this needs to be
accounted for in urban and transport policy assessments, including, but
not limited to, land value capture schemes.

From a policy perspective, our results indicate that low and medium
density areas that have relatively high regional accessibility can
potentially benefit from TOD as:

1. The highest gains in transit accessibility improvements and their
impact on sales prices can be expected in low and medium density
areas. Thus, transit investments in these areas, in combination with
planned densification (to provide the demand to support transit) can
be beneficial. The linkage between accessibility and property values
is critical in this equation, since it is the induced increase in property
values that makes denser development financially feasible.

S 4 Legend
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regional transit accessibility and sales prices (2001-2016)

Fig. 6. Low density areas with highest increase in regional transit accessibility and highest gains in sales prices from 2001 to 2016 (top terciles in both cases).
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2. Proximity to transit stations in these areas has a much lower negative
impact on sales prices compared to high density areas, so the sta-
tions’ disamenity and the subsequent loss of housing value are much
smaller here.

Furthermore, it is shown that land development stimulated by
increased transit network accessibility is more likely to happen in non-
urban areas, which have more developable land and less restrictions
and change-resisting land uses compared to the GTHA’s urban areas
(Kasraian et al., 2020). Finally, this is in line with calls for improving
transit accessibility levels in the suburbs to discourage the increasing
rise in suburbanization of poverty (Allen and Farber, 2021).

However, complementary policies are needed to ensure that those
who live in these areas are transit users and that the increase in premia
in these areas due to increase in regional accessibility does not price-out
low- and moderate-income people. Such a transit-induced gentrification
can nullify the impact of transit for this target group who can obtain the
most marginal benefit from it. This has been the case in Toronto and
Montreal where census tracks that are exposed to rail transit stations are
shown to have a higher likelihood of undergoing gentrification (Grube-
Cavers and Patterson, 2015). Thus, integrated land use and trans-
portation measures are needed that provide and protect affordable
public housing in the rural and suburban transit station areas. Examples
of such measures are local inclusionary zoning programs that award
density bonuses to developers who provide affordable housing, and rent
control regulations.

To conclude, both road and transit infrastructure investments have
region-wide, not just local, impacts on housing prices and, hence, on a
wide range of urban policy issues, including urban growth, housing
affordability and the overall social, economic and environmental sus-
tainability of urban regions. These network-wide effects must be un-
derstood and accounted for in transport investment and other major
policy analyses if these investments are to be maximally effective in
moving urban regions towards a more sustainable future. Our findings
can be relevant for other comparable fast-growing North American
metropolitan regions with a variety of low-high density development
types where transit infrastructure, while increasing, is still lagging
behind regional needs and tailored land value capture policies may be
one useful tool to help finance further transit investments.

CRediT authorship contribution statement

Dena Kasraian: Conceptualization, Methodology, Data curation,
Visualization, Formal analysis, Writing — original draft, Writing — review
& editing. Lisa Li: Methodology, Formal analysis, Writing — original
draft, Writing — review & editing. Shivani Raghav: Methodology, Data
curation, Visualization, Writing — original draft, Writing — review &
editing. Amer Shalaby: Writing — review & editing. Eric J. Miller:
Conceptualization, Methodology, Writing — original draft, Writing —
review & editing, Supervision, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgement

The research reported in this paper was supported by an Ontario
Research Fund Research Excellence Round 7 grant, and a Natural Sci-
ences and Engineering Research Council Discovery grant.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

14

Case Studies on Transport Policy 11 (2023) 100932

0rg/10.1016/j.cstp.2022.100932.

References

Ahlfeldt, G.M., 2013. If we build it, will they pay? Predicting property price effects of
transport innovations. Environ. Plan. A 45, 1977-1994. https://doi.org/10.1068/
a45429.

Akbari, S., Mahmoud, M.S., Shalaby, A., Habib, K.M.N., 2018. Empirical models of
transit demand with walk access/egress for planning transit oriented developments
around commuter rail stations in the Greater Toronto and Hamilton Area. J. Transp.
Geogr. 68, 1-8. https://doi.org/10.1016/j.jtrange0.2018.02.002.

Allen, J., Farber, S., 2021. Suburbanization of transport poverty. Ann. Assoc. Am. Geogr.
https://doi.org/10.1080/24694452.2020.1859981.

Alonso, W., 1964. Location and Land Use: Toward a General Theory of Land Rent.
Harvard University Press, Cambridge, MA.

Andersson, D.E., Shyr, O.F., Fu, J., 2010. Does high-speed rail accessibility influence
residential property prices? Hedonic estimates from southern Taiwan. J. Transp.
Geogr. doi:10.1016/j.jtrangeo.2008.10.012.

Bae, C.H.C., Jun, M.J., Park, H., 2003. The impact of Seoul’s subway Line 5 on residential
property values. Transp. Policy 10, 85-94. https://doi.org/10.1016/50967-070X
(02)00048-3.

Bajic, V., 1983. The Effects of a New Subway Line on Housing Prices in Metropolitan
Toronto. Urban Stud. 20, 147-158. https://doi.org/10.1080/00420988320080291.

Banister, D., Thurstain-Goodwin, M., 2011. Quantification of the non-transport benefits
resulting from rail investment. J. Transp. Geogr. 19, 212-223. https://doi.org/
10.1016/j.jtrangeo.2010.05.001.

Bartholomew, K., Ewing, R., 2011. Hedonic price effects of pedestrian- and transit-
oriented development. J. Plan. Lit. 26, 18-34. https://doi.org/10.1177/
0885412210386540.

Baum-Snow, N., Kahn, M.E., 2000. The effects of new public projects to expand urban
rail transit. J. Public Econ. 77, 241-263. https://doi.org/10.1016/50047-2727(99)
00085-7.

Belotti, F., Hughes, G., Mortari, A.P., 2017. Spatial panel-data models using Stata. Stata
J. https://doi.org/10.1177/1536867x1701700109.

Bohman, H., Nilsson, D., 2016. The impact of regional commuter trains on property
values: Price segments and income. J. Transp. Geogr. 56, 102-109. https://doi.org/
10.1016/j.jtrangeo.2016.09.003.

Bowes, D.R., Ihlanfeldt, K.R., 2001. Identifying the impacts of rail transit stations on
residential property values. J. Urban Econ. 50, 1-25. https://doi.org/10.1006/
juec.2001.2214.

Brandt, S., Maennig, W., 2012. The impact of rail access on condominium prices in
Hamburg. Transportation (Amst). 39, 997-1017. https://doi.org/10.1007/s11116-
011-9379-0.

Carey, J., Semmens, J., 2003. Impact of highways on property values: Case study of
superstition freeway corridor. Transp. Res. Rec. https://doi.org/10.3141/1839-14.

Cervero, R., 2004. In: Transit-Oriented Development in the United States: Experiences,
Challenges, and Prospects, (TCRP 102). Transportation Research Board, Washington,
D.C.. https://doi.org/10.17226/23360

Cowley, P., & MacLeod, A. (2019). Report card on Alberta’s elementary schools 2019.
Fraser Institute. http://alberta.compareschoolrankings.org/pdfs/Fraser_Institute_Re
port_Card_on_Alberta%E2%80%99s_Elementary_Schools_2019.pdf.

Debrezion, G., Pels, E., Rietveld, P., 2007. The impact of railway stations on residential
and commercial property value: A meta-analysis. J. Real Estate Financ. Econ. 35,
161-180. https://doi.org/10.1007/s11146-007-9032-z.

Debrezion, G., Pels, E., Rietveld, P., 2011. The impact of rail transport on real estate
prices: An empirical analysis of the Dutch housing market. Urban Stud. 48,
997-1015. https://doi.org/10.1177,/0042098010371395.

Diao, M., Leonard, D., Sing, T.F., 2017. Spatial-difference-in-differences models for
impact of new mass rapid transit line on private housing values. Reg. Sci. Urban
Econ. 67, 64-77. https://doi.org/10.1016/j.regsciurbeco.2017.08.006.

Dubé, J., Thériault, M., Des Rosiers, F., 2013. Commuter rail accessibility and house
values: The case of the Montreal South Shore, Canada, 1992-2009. Transp. Res. Part
A Policy Pract. 54, 49-66. https://doi.org/10.1016/j.tra.2013.07.015.

Dubin, R.A., 1992. Spatial autocorrelation and neighborhood quality. Reg. Sci. Urban
Econ. doi:10.1016/0166-0462(92)90038-3.

Elhorst, P., Vega, S., 2013. On spatial econometric models, spillover effects, and W. ERSA
Conf. Pap.

Elhorst, J.P., 2010. Spatial Panel Data Models, in: Handbook of Applied Spatial Analysis.
doi:10.1007/978-3-642-03647-7_19.

Gatzlaff, D.H., Smith, M.T., 1993. The Impact of the Miami Metrorail on the Value of
Residences near Station Locations 69, 54-66.

Gibbons, S., Overman, H.G., 2012. Mostly pointless spatial econometrics? J. Reg. Sci. doi:
10.1111/j.1467-9787.2012.00760.x.

Giuliano, G., 2004. Land use impacts of transportation investments; highway and transit.
In: Hanson, S., Giuliano, G. (Eds.), The Geography of Urban Transportation. Guilford
Press, New York, pp. 237-273.

Giuliano, G., 1989. Literature Synthesis: Transportation and Urban Form, Contract no.
DTF61-89-P-00531, Federal Highway Administration. Washington, D.C.

Golgher, A.B., Voss, P.R., 2016. How to Interpret the Coefficients of Spatial Models:
Spillovers, Direct and Indirect Effects. Spat. Demogr. doi:10.1007/s40980-015-0016-

Golub, A., Guhathakurta, S., Sollapuram, B., 2012. Spatial and temporal capitalization
effects of light rail in Phoenix: From conception, planning, and construction to
operation. J. Plann. Educ. Res. 32 (4), 415-429.


https://doi.org/10.1016/j.cstp.2022.100932
https://doi.org/10.1016/j.cstp.2022.100932
https://doi.org/10.1068/a45429
https://doi.org/10.1068/a45429
https://doi.org/10.1016/j.jtrangeo.2018.02.002
https://doi.org/10.1080/24694452.2020.1859981
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0020
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0020
https://doi.org/10.1016/S0967-070X(02)00048-3
https://doi.org/10.1016/S0967-070X(02)00048-3
https://doi.org/10.1080/00420988320080291
https://doi.org/10.1016/j.jtrangeo.2010.05.001
https://doi.org/10.1016/j.jtrangeo.2010.05.001
https://doi.org/10.1177/0885412210386540
https://doi.org/10.1177/0885412210386540
https://doi.org/10.1016/S0047-2727(99)00085-7
https://doi.org/10.1016/S0047-2727(99)00085-7
https://doi.org/10.1177/1536867x1701700109
https://doi.org/10.1016/j.jtrangeo.2016.09.003
https://doi.org/10.1016/j.jtrangeo.2016.09.003
https://doi.org/10.1006/juec.2001.2214
https://doi.org/10.1006/juec.2001.2214
https://doi.org/10.1007/s11116-011-9379-0
https://doi.org/10.1007/s11116-011-9379-0
https://doi.org/10.3141/1839-14
https://doi.org/10.17226/23360
http://alberta.compareschoolrankings.org/pdfs/Fraser_Institute_Report_Card_on_Alberta%25E2%2580%2599s_Elementary_Schools_2019.pdf
http://alberta.compareschoolrankings.org/pdfs/Fraser_Institute_Report_Card_on_Alberta%25E2%2580%2599s_Elementary_Schools_2019.pdf
https://doi.org/10.1007/s11146-007-9032-z
https://doi.org/10.1177/0042098010371395
https://doi.org/10.1016/j.regsciurbeco.2017.08.006
https://doi.org/10.1016/j.tra.2013.07.015
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0155
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0155
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0155
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0170
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0170
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0170

D. Kasraian et al.

Grube-Cavers, A., Patterson, Z., 2015. Urban rapid rail transit and gentrification in
Canadian urban centres: A survival analysis approach. Urban Stud. 52, 178-194.
https://doi.org/10.1177/0042098014524287.

Haider, M., Miller, E.J., 2000. Effects of transportation infrastructure and location on
residential real estate values: Application of spatial autoregressive techniques.
Transp. Res. Rec. 1-8 https://doi.org/10.3141/1722-01.

He, S.Y., 2020. Regional impact of rail network accessibility on residential property
price: Modelling spatial heterogeneous capitalisation effects in Hong Kong. Transp.
Res. Part A Policy Pract. 135, 244-263. https://doi.org/10.1016/j.tra.2020.01.025.

Helbich, M., Brunauer, W., Vaz, E., Nijkamp, P., 2014. Spatial Heterogeneity in Hedonic
House Price Models: The Case of Austria. Urban Stud. https://doi.org/10.1177/
0042098013492234.

Hess, P, Sorensen, A., Parizeau, K., 2007. “Urban Density in the Greater Golden
Horsehoe”. http://neighbourhoodchange. ca/wp-content/uploads//2011/06/
RP209 _Hess_et-al_ May_2007.pdf p. 24.

Hsiao, C., 2003. Analysis of data panel. doi:10.1017/CB09780511754203.

Tacono, M., Levinson, D., 2017. Accessibility dynamics and location premia: Do land
values follow accessibility changes? Urban Stud. 54, 364-381. https://doi.org/
10.1177/0042098015595012.

Kasraian, D., Raghav, S., Miller, E.J., 2020. A multi-decade longitudinal analysis of
transportation and land use co-evolution in the Greater Toronto-Hamilton Area.

J. Transp. Geogr. 84 https://doi.org/10.1016/].jtrange0.2020.102696.

Knaap, G.J., Ding, C., Hopkins, L.D., 2001. Do plans matter? The effects of light rail plans
on land values in station areas. J. Plan. Educ. Res. 21, 32-39. https://doi.org/
10.1177/0739456X0102100103.

Knight, R.L., Trygg, L.L., 1977. Evidence of land use impacts of rapid transit systems.
Transportation (Amst). 6, 231-247. https://doi.org/10.1007/BF00177453.

Landis, J., Guhathakurta, S., Huang, W., Zhang, M., Fukuji, B., Sen, S., 1995. Rail transit
investments, real estate values, and land use change: a comparative analysis of five
California rail transit systems. Monograph-Institute of Urban and Regional
Development University of California.

LeSage, J., Pace, R.K., 2009. Introduction to spatial econometrics, Introduction to Spatial
Econometrics. doi:10.1111/j.1467-985x.2010.00681_13.x.

Levinson, D.M. Istrate, E., 2011. Access for Value: Financing Transportation Through
Land Value Capture. Metropolitan Infrastructure Initiative Series. BROOKINGS
(April): 1-21.

Lin, J.J., Yang, S.H., 2019. Proximity to metro stations and commercial gentrification.
Transport Policy 77. Elsevier Ltd: 79-89. doi: 10.1016/j.tranpol.2019.03.003.
McDonald, J.F., Osuji, C.I., 1995. The effect of anticipated transportation improvement
on residential land values. Reg. Sci. Urban Econ. 25, 261-278. https://doi.org/

10.1016/0166-0462(94)02085-U.

15

Case Studies on Transport Policy 11 (2023) 100932

Mclntosh, J., Trubka, R., Newman, P., 2014. Can value capture work in a car dependent
city? Willingness to pay for transit access in Perth, Western Australia. Transp. Res.
Part A Policy Pract. 67, 320-339. https://doi.org/10.1016/].tra.2014.07.008.

Metrolinx, 2008. The Big Move. Toronto.

Meyer, M.D., Miller, E.J., 2001. Urban Transportation Planning: A Decision-Oriented
Approach. McGraw Hill, New York.

Mitra, S.K., Saphores, J.D.M., 2016. The value of transportation accessibility in a least
developed country city - The case of Rajshahi City, Bangladesh. Transp. Res. Part A
Policy Pract. 89, 184-200. https://doi.org/10.1016/j.tra.2016.05.002.

Mohammad, S.I., Graham, D.J., Melo, P.C., Anderson, R.J., 2013. A meta-analysis of the
impact of rail projects on land and property values. Transp. Res. Part A Policy Pract.
50, 158-170. https://doi.org/10.1016/].tra.2013.01.013.

Mohammad, S.I., Graham, D.J., Melo, P.C., 2017. The effect of the Dubai metro on the
value of residential and commercial properties. J. Transp. Land Use 10, 263-290.
https://doi.org/10.5198/jtlu.2017.750.

O’Sullivan, A., 2003. Urban Economics. McGraw-Hill/Irwin, Boston.

Pace, R.K., Barry, R., Sirmans, C.F., 1998. Spatial Statistics and Real Estate. J. Real Estate
Financ. Econ. https://doi.org/10.1023/A:1007783811760.

Paliska, D., Drobne, S., 2020. Impact of new motorway on housing prices in rural North-
East Slovenia. J. Transp. Geogr. 88, 102831.

Rosen, S., 1974. Hedonic prices and implicit markets: Product differentiation in pure
competition. J. Polit. Econ. 82, 34-55.

Ryan, S., 1999. Property values and transportation facilities: Finding the transportation-
land use connection. J. Plan. Lit. 13, 412-427. https://doi.org/10.1177/
08854129922092487.

Saxe, S., Kasraian, D., 2020. Rethinking environmental LCA life stages for transport
infrastructure to facilitate holistic assessment. J. Ind. Ecol. https://doi.org/10.1111/
jiec.13010.

Seo, K., Golub, A., Kuby, M., 2014. Combined impacts of highways and light rail transit
on residential property values: A spatial hedonic price model for Phoenix, Arizona. J.
Transp. Geogr. doi:10.1016/j.jtrangeo.2014.08.003.

Shyr, O., Andersson, D.E., Wang, J., Huang, T., Liu, O., 2013. Where Do Home Buyers
Pay Most for Relative Transit Accessibility? Hong Kong, Taipei and Kaohsiung
Compared. Urban Stud. 50, 2553-2568. https://doi.org/10.1177/
0042098012474510.

Smith, J.J., Gihring, T.A., 2006. Financing transit systems through value capture: An
annotated bibliography. Am. J. Econ. Sociol. 65 (3), 751-786.

Ustaoglu, E., Williams, B., 2020. Cost-Benefit Evaluation Tools on the Impacts of
Transport Infrastructure Projects on Urban Form and Development. In: Smart Urban
Development. https://doi.org/10.5772/intechopen.86447.

Wegener, M., Fiirst, F., 2004. Land-use transport interaction: State of the art. Available at
SSRN 1434678.


https://doi.org/10.1177/0042098014524287
https://doi.org/10.3141/1722-01
https://doi.org/10.1016/j.tra.2020.01.025
https://doi.org/10.1177/0042098013492234
https://doi.org/10.1177/0042098013492234
http://neighbourhoodchange.+ca/wp-content/uploads//2011/06/RP209_Hess_et-al_May_2007.pdf
http://neighbourhoodchange.+ca/wp-content/uploads//2011/06/RP209_Hess_et-al_May_2007.pdf
https://doi.org/10.1177/0042098015595012
https://doi.org/10.1177/0042098015595012
https://doi.org/10.1016/j.jtrangeo.2020.102696
https://doi.org/10.1177/0739456X0102100103
https://doi.org/10.1177/0739456X0102100103
https://doi.org/10.1007/BF00177453
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0230
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0230
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0230
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0230
https://doi.org/10.1016/0166-0462(94)02085-U
https://doi.org/10.1016/0166-0462(94)02085-U
https://doi.org/10.1016/j.tra.2014.07.008
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0265
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0265
https://doi.org/10.1016/j.tra.2016.05.002
https://doi.org/10.1016/j.tra.2013.01.013
https://doi.org/10.5198/jtlu.2017.750
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0290
https://doi.org/10.1023/A:1007783811760
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0300
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0300
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0305
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0305
https://doi.org/10.1177/08854129922092487
https://doi.org/10.1177/08854129922092487
https://doi.org/10.1111/jiec.13010
https://doi.org/10.1111/jiec.13010
https://doi.org/10.1177/0042098012474510
https://doi.org/10.1177/0042098012474510
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0330
http://refhub.elsevier.com/S2213-624X(22)00221-8/h0330
https://doi.org/10.5772/intechopen.86447

	Regional transport accessibility and residential property values: The case study of the Greater Toronto and Hamilton area
	1 Introduction
	2 Operationalizing the relationship between transport accessibility and property values
	2.1 Transport accessibility indicators
	2.2 Impact area
	2.3 Transport mode
	2.4 Impact period
	2.5 Current study in context

	3 Data
	3.1 The GTHA
	3.2 The dependent variable
	3.3 The tested and chosen independent variables

	4 Methods
	4.1 The choice of model
	4.2 The choice of variables

	5 Results
	6 Conclusion, discussion and policy implications
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	Appendix A Supplementary data
	References


