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ABSTRACT

Transport-induced agglomeration is defined as the concentration of jobs or employed
residents arising through transport infrastructure, and is measured in both density and
proximity. While density is an important parameter in land use and proximity is a
result of the transport provision, the origin framework for land use and transport
integration has not yet incorporated the simultaneous effect of both density and
proximity, known as “effective density”. Effective density is one measurement of
agglomeration that has been developed in the context of the wider impact assessment
of transportation infrastructure. The land use-transport interaction (LUTI) framework
is one of the major theoretical frameworks used in understanding the integration of
transport and land use. However, there remains a lack of a spatial-economic
dimension in LUTI in the literature.

The aim of this thesis is to model train ridership under the influence of public transport
induced agglomeration. Thus, the spatial economic dimension is added to the LUTI
framework, allowing research that incorporates spatial organisation and the economy
of an area into transport and land use planning in a holistic manner. This thesis named
this framework an extension of the LUTI framework that is part of what is commonly
defined as a Spatial Economic Transport Interaction (SETI.). Specifically, the density
concept in the LUTI framework was extended to an effective density, thus
simultaneously represents scale and proximity.

Four reseach objectives were set up to reach research aim as follows:1) to investigate
the link between transportation investment and agglomeration by providing evidence
that support the existence of public transport induced agglomeration; (2) to
understand the influence of public transport induced agglomeration on train ridership
in terms of both effective job density and effective employed resident density; (3) to
investigate the geographical extent of agglomeration relative to the distribution of
stations that assumed as being the focal point (source) of agglomeration; and (4) to
investigate the implications of agglomeration on job-housing balance from the
wages/land rents and travel costs trade-off perspective and its further implication on
train ridership.

The empirical evidences supported the existence of public transport induced
agglomeration in the study area: the strong association of changes in travel time
before-and-after the Perth-Mandurah railway extension with the changes in effective
density and the changes in train ridership; the high rate of changes in train ridership
and effective density for suburbs located adjacent to the Perth-Mandurabh line, relative
to other lines; the clustering of high effective density near train stations; and the
exponential distance decay of effective density, whereby a distance increase of 1 km
from a train station correlates to a decrease in effective job density of 11.2%, and in
employed resident density of 9.5%.

The SETI model, utilising effective density variables, improved train ridership
prediction capability by 2-5% compared to the LUTI model, while the level of errors
in SETI was 64% of the LUTI model by validation or back testing analysis. Adding
effective density variables has significantly improved the LUTI model, as shown by the
partial F-test. The effective job density with the interaction term is statistically
significant in both train trip production and train trip attraction, and the effective
employed resident density is only statistically significant in train trip attraction.
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Distance (station accessibility) has a negative influence on the relationship between
effective density and train ridership attraction, but a positive one for train ridership
production.

The geographic extents of the positive impact of effective job density on train ridership
were found to be up to a distance of 2.4 - 4.1 km from the train station, and 5.32 — 8.84
km for the impacts of effective employed resident density. The retail sector has a
smaller geographical extent of influence on train ridership than the construction and
manufacturing sector, but at lower levels of multiplicative effects. Higher influences
of effective density emerged when higher values of effective density were confined to
smaller areas and this may be found in the construction sector, relative to the
manufacturing and retail sectors. Job-housing balance analysis showed a strong effect
of effective job density on train ridership attraction in job-rich suburbs.

The derived results may be useful in understanding the land use and socioeconomic
impacts of transit and travel behaviour of railway users, in managing station facilities,
and in developing land use policies and transit orientation development (TOD)
strategies.
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CHAPTER 1. INTRODUCTION

AT R, T A

Although land use has influenced human life in many aspects (ecology, economic
development, health sector and social equity), the influence of urban form on transport
and mobility has been the most widely-explored from an empirical and theoretical
point of view (Williams, 2005). The concept of integrated land use and transport
(LUTI) had been studied for a long history (Cao, Mokhtarian, & Handy, 2009; Chen,
Gong, & Paaswell, 2008). Many attempts at creating sustainable urban form and
transportation have been presented as far back as 10,000 years ago since the
development of ancient cities, such as Abu Hureya, Mureybat, Jericho (Soja, as cited
in Hickman & Banister, 2005) The development of this theory within the urban
planning context had been growing over the last 120 years (Hickman & Banister,
2005).

The traditional “predict and provide” approach to solving urban transportation
problems is no longer an option: simply forecasting demand for travel and then
meeting this demand with transport infrastructure solutions is no longer considered to
be viable (Handy, 2008). Solving urban transport problem is now considered to require
sustainable mobility solutions (Bertolini, Clercq, & Straatemeier, 2008). Moving

toward a new way in which integration of land use and transport in cities are planned
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and developed is thought to be crucial (Tenngy, 2010). In this sense, it has been
suggested that “it is necessary to analyse these two systems (land use and transport) in
an integrated approach as they are very dependent on one another...” (Jonsson, 2008).
Therefore, the impacts of transportation systems in terms of transportation
infrastructure need to be evaluated not only on their aspect of land use but also on
travel behaviour (Brons, Givoni, & Rietveld, 2009; Van Acker, Witlox, & Van Wee,
2007).

Further, other factors such as the spatial economic dimension may come into play
when transportation system-impacted land use and travel behaviour has been
examined in a holistic manner. The definition of the term ‘spatial economic’ is derived
from Fujita and Thisse (2002) and Russo and Musolino (2012). Interactions between
agents (firms or households) that involve commaodities (good or services), including
their locations are defined as “economy” (Arrow, K et al. as cited in Fujita and Thiesse,
2002, p. 20). The term ‘spatial’ refers to locations, landscapes, geographical scales,
where the economic activity has occurred. The transport system creates spatial
organisation by affecting activity locations, production levels, and trade patterns
(Russo & Musolino, 2012). The spatial economic perspective provides an economic
reason behind the concentration of production (firms) and consumption (households).
Thus, there is a relationship between spatial attributes and economic theory, i.e. the
distribution of economic activities (the concentration) is formed not by natural causes
(such as rivers or ports) but due to the economic mechanism involving trade-offs
between various forms of increasing returns and mobility costs (Fujita & Thisse,
2002). Furthermore, Fujita and Thiesse explained that the spatial configuration of
economic activities emerged as an outcome of a process of two opposing forces,
namely the centripetal forces (agglomeration or the pull factor) and the centrifugal
forces (dispersion or the push factor). The spatial configurations of economic activity
that are observed, then, are the results of the balance between these two forces that
push and pull consumers and firms (Fujita & Thiesse, 2002, p. 5). This research, in
line with the theoretical concept of agglomeration in Fujita and Thiesse, however,
adapted a specific kind of agglomeration force, i.e. public transport induced

agglomeration. That is, transportation infrastructure facilitates the clustering of
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employment. There are commuting cost reductions that form the grounds for firms’
and households’ location behaviour (Alpkokin, Cheung, Black, & Hayashi, 2008;
Graham, 2007).

Nevertheless, the LUTI framework often treats spatial economic factors as
independent from the influence of other factors in a land use-transportation interaction
system (Southworth, 2001; Taylor, Miller, Iseki, & Fink, 2009; Wardman, 2006;
Wardman, Lythgoe, & Whelan, 2007). In fact, spatial economic factors affect transport
in a way that influences travel demand patterns, while the urban structure framed by
the transportation system affects activity locations and production levels (Russo &
Musolino, 2012). Russo & Musolino (2012) pointed out that the framework of Spatial
Economic Transportation Interaction (SETI) is based on the concept that LUTI and the
economic dimension are inherently part of SETI and are integrated in a two-way

interaction between both.

On the other hand, most advances in the SETI field have been directed towards
justifying substantial investment in public transportation spending. Transportation
infrastructure impact assessment studies have been gaining popularity in this area,
including the recent development of wider economic benefits (WEBs) assessments
(Hensher, Truong, Mulley, & Ellison, 2012; T. Lin & Truong, 2012). Unfortunately,
most of these studies refer to the economic impact of the transportation system on

urban productivity as the focus or outcomes, and not to travel behaviour.

This thesis attempts to use the extension of the LUTI framework, referred to as the
SETI framework, to derive factors affecting one form of transportation, train ridership.
The spatial economic dimension, or specifically, in terms of public transport, “induced
agglomeration” was found to be one of the predictor variables that influence train
ridership, among others. This agglomeration is an outcome of improved accessibility
gained from public transport infrastructure development. Under the SETI framework,
the interrelationship between the changes in the transportation-system-influenced

agglomeration and train ridership were examined.
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1.1 BACKGROUND

Cities all over the world have experienced common problems in urban transportation.
Climate change, traffic congestion, air pollution, and traffic accidents have been major
issues of concern for the past few decades. Banister (2008) pointed out a transport-led
future has consisted of an increase in car dependence due to the increased
suburbanisation; thus non-motorized transportation and local public transport have
become less attractive due to the greater use of cars. Mohan (2008) examined most big
cities have not been able to reduce their car use to the level less than 10% of mode
shares or lower, despite the extensive public transport investments that have been put
in place. Almost all major cities continue to face severe congestion on arterial roads.
For example, car speeds during peak hours reduced to only 10-15 km/h in major cities
like Paris, London, Tokyo, Tehran, Jakarta or Mexico City (Mohan, 2008). There was
a contradictory situation when public transport investment was not followed by a
substatial gain by a modal switch into public transport. This dilemma has created a
challenge for sustainable urban transport development of a 21% Century goal.
Providing an effective urban public transport development strategy that can match the
demand for accessibility and mobility is still needed.

Australia’s urban transportation has experienced the same challenges for sustainable
transportation. Public transport share is only 10 percent out of the total metropolitan
passenger kilometer (pkm). Currently, the share of private vehicles accounts for about
86 percent of the total passenger task over all Australian cities. Market shares of both
modes have remained reasonably constant since the 1980s. Nevertheless, there has
been some improvement in terms of public transport supply, with an increase from
8.9% (2005) to about 10.5% (2010) out of the total pkm in Australia (Bureau of
Transport and Regional Economics [BTRE], 2007).

The data indicates a major challenge for the delivery of sustainable urban transport for
Western Australia (WA), renowned for its low density housing and high dependence
on the car (Curtis, 2012). The Australian Bureau of Statistics reported total kilometres
travelled by motor vehicles in Western Australia (WA) increased by 23% in within
period 2004 to 2010 - far above Australia’s statistics which was a 14% increase within
the same period (Australian Bureau of Statistics (ABS), 2010). In addition, the number
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of vehicles registered in WA increased by 27% compared to 19% in Australia between
2004 - 2010 (Australian Bureau of Statistics (ABS), 2010). On the other hand, Perth
continues to focus on investment in public transport development, such as the first
revitalization of suburban rail in the 1980s (Curtis, 2008) and the recent project being

the extension of the Perth to Mandurah railway line in 2008.

The extension of the new Perth — Mandurah railway line in the Perth Metropolitan
Region (PMR) has been assumed to have made a direct influence on land use and
property development, or on economic development. Studies in public transport
extension impacts have mentioned that public transport extension has prompted better
access (Cervero & Kang, 2011) and the increased capitalization of property value
(Cervero & Landis, 1993, 1997; K. Geurs, Zondag, de Jong, & de Bok, 2010;
Rodriguez & Mojica, 2009), Other studies have mentioned the transport impact on

land use developments (Cervero & Landis, 1997).

The question of the contribution of stations along the new line to increased train
ridership has been considered for more than eight years. There was a need to examine
the factors that can contribute to the success or failure of the transit system (the impact

of railway line on train ridership) given the substantial investment in public transport.

Provided public transport investment contributes to economic growth (urban
productivity), how does this economic growth, in turn, influence the level of train
usage? Understanding the relationship between agglomeration as the economic impact
of transportation investment, and the level of train ridership as a consequence of
transport investment, is the focus of this thesis. The research objective is to establish a
model to understand the relationships between the agglomeration and train ridership.
In order to reach this objective, there is a need to empirically investigate the influence
of the agglomeration on train ridership following the construction of the Perth —
Mandurah railway line extension. A conceptual approach is proposed based on the
land use, the transport integration of urban travel demand and the economic impact of
public transport investment. This approach highlights the importance of agglomeration
to be incorporated in any model for forecasting travel demand. The agglomeration

reflects changes caused by the extension of public transport facilities, in which firms,
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households and employment are moved closer to each other, creating concentrated
clusters of these agents, leading to higher urban productivity such as higher wages,

urban land rents, and employment rates.

Spatial clustering and distance decay principles are two aspects of agglomeration
investigated by this study. The analyses consist of: identifying the potential and actual
state of the agglomeration; investigating the location and the form of distribution of
the agglomeration; and measuring the influence of agglomeration on the demand for
journeys to work by train. This agglomeration was defined by two measurements:

effective job density and effective employed resident density.

Four reseach objectives were set up to reach research aim as follows:1) to investigate
the link between transportation investment and agglomeration by providing evidence
that support the existence of public transport induced agglomeration; (2) to understand
the influence of public transport induced agglomeration on train ridership in terms of
both effective job density and effective employed resident density; (3) to investigate
the geographical extent of agglomeration relative to the distribution of stations that
assumed as being the focal point (source) of agglomeration; and (4) to investigate the
implications of agglomeration on job-housing balance from the wages/land rents and
travel costs trade-off perspective and its further implication on train ridership.

The incorporation of agglomeration aspect in this thesis is investigated based on some

research hypotheses:

(i) There is a distance decay and concentration pattern (clustering effect) of
agglomeration according to the distance from train stations. The closer a
location is to a train station, the higher the concentration of agglomeration, and
the further a location is from a train station, the lower the agglomeration.
Improved accessibility relates to a lower value (less negative) of the distance
decay parameter of agglomeration. A less-negative distance decay parameter
will be associated with higher agglomeration values and a higher chance of
train ridership, following Graham’s (2007) assertion that there is a direct
relationship between the magnitude of potential of transit demand and the

accessibility level of a location.
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(if) There is a strong influence of employed resident numbers and job numbers (the
scale or size of activities) on train ridership. The higher the number of
employed residents or jobs, such as measured by density, the higher the chance
that train ridership will be generated or attracted in a location (the LUTI
model). In terms of agglomeration (SETI-LUTI model), the number of
employed residents and jobs are defined not only by the scale or size of activity
but also in terms of accessibility or as effective employed resident density or
as effective job density. Therefore, the higher the effective employed resident
density and effective job density, the greater degree of train ridership will be
generated from residential areas (train trip production model) or attracted into

workplace areas (train trip attraction model).

(iii)Greater distance of employed residents from boarding stations and of jobs from
alighting stations results in a lesser influence on agglomeration induced train

ridership.

(iv) If the number of employed residents and jobs in a location is balanced, there is
more chance that people will work and live in the same (suburb) area. The more
balanced the ratio of job to employed residents is (for example, between 0.75
— 1.5), the lower the number of spatial interactions (trip numbers) are between
residential and workplace suburbs. The higher the ratio is (jobs are much higher
than employed residents), the greater is the level of trip attraction to workplace
suburbs. The lower the ratio is (employed residents are much higher than jobs),
the greater is the level of trip production from residential suburbs.

1.2 RESEARCH SIGNIFICANCE

Two mainstream approaches have focused on the relationship between transportation
system and land use interaction (LUTI), on one hand, and the relationship between
transportation system and spatial economic interaction (SETI) on the other hand. There
has been limited research on the relationship between transportation system, land use,
and spatial economic interrelationship. The concept of transport-induced

agglomeration in terms of effective density has been adopted in this thesis as part of
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an exercise in understanding the relationship between spatial economics of the
transportation system and land use and travel behaviour.

This thesis was expected to shed light on any important interrelationship between
transportation-land use and transportation-spatial economic model, for the case of train
ridership. Understanding to what extent effective density is differentiated from density
in their influence on train ridership would give different implications for land use and
transportation policies. Modifying parameters from density to effective density could
reveal a larger degree of spatial variation in model findings, thus allowing application

to a wider variety of land use-transport policy options.

Understanding the geographical extent of agglomeration benefits can assist in the
assessment of difference policies for taking benefits from agglomeration externalities
(Graham & Melo, 2010). Effective density provides a more comprehensive
measurement parameter by combining the effect of scale and proximities, and thus
generates a meaningful geographical extent for assessing agglomeration benefits of
train ridership. For example, the questions of where to add jobs and employed residents
in which economy sector; where to develop new stations; and where to strengthen the
transit facilities to enable greater ridership can be clarified based on understanding that
the geographical scale of agglomeration is influenced by different agglomeration
externalities among different locations, especially in relation to the position of train

stations as the focal point.

The SETI model was an attempt to make improvements on LUTI parameters for train
ridership. Thus, the SETI model was expected to increase predictive accuracy due to
the addition of an agglomeration component to a train demand model under LUTI.
‘Public Transport for Perth in 2031’ reported that increases in train patronage since
the rail extension may go beyond initial expectations. For example, Perth has
experienced a rapid growth in train ridership that was greater than an average of
national and international cities. Annual train patronage increased more than four times
in two decades to where in 2010 it reached 54.7 million passengers (Department of

Transport (DOT) of Western Australia, 2011). This significant change in mode share
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of public transport may not be revealed using the LUTI model, due to the omission of
a spatial economic factor.

The findings of updated modelling may be able to inform stakeholders as to how
current TOD strategies can be enhanced in more effective ways to support train
ridership production and attraction. The derived results could be useful in
understanding the land use and travel behaviour impact of transportation infrastructure

in a more comprehensive manner.

1.3 RESEARCH SCOPE

Hensher et al. (2012) suggested to differentiate agglomeration and agglomeration
effects. Agglomeration effects are the costs/benefits of employment agglomeration or
dis-agglomeration, while agglomeration (or effective density) is a “measure of the
extent of employment agglomeration itself”. Graham and Melo (2010) measured
agglomeration at a disaggregate geographical level; hence agglomeration was defined
as an aggregation of firms, workers, or population in the geographical neighbourhood
of individual firms. The effective density was defined by the amount of agglomeration
experienced by a firm located at a site i that was captured by two measurements: the
quantity of employment in another location (j), and the connectedness or proximity of
site i and site j. “Agglomeration economies” were positive externalities or the
increasing return of urban productivity advantages derived from the spatial
concentration of economic activities (agglomeration) (Graham & Melo, 2010; Mare &
Graham, 2009). The term “effective density” is also known as “market potential”, i.e.
a type of accessibility measure of agglomeration economies as an “intermediate
concept” to establish a link between transport and agglomeration economies, or
transport induced agglomeration effects (Hensher et al., 2012; Melo, Graham,
Levinson, & Aarabi, 2013).

The scope of this thesis concerns only the magnitude of agglomeration of employment,
or jobs and employed residents (the magnitude of agglomeration itself) and does not
involve agglomeration economies or the agglomeration effects of transportation
externalities on urban productivity or a firm’s productivity. However, this thesis

considered variables such as land rent and wages as an exogenous factor influencing

Chapter 1 Introduction 9



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

train ridership demand. These two variables are sometimes regarded as an indirect or

partial productivity measurement.

Therefore, this thesis is differentiated from other research in agglomeration studies in
that other studies often measure the magnitude of agglomeration, then quantify this
magnitude in terms of urban productivity and wider economic benefits of
transportation infrastructure. While travel behaviour was regarded as a short term
response to transportation system changes, it was also assumed that higher public
transportation usage will stimulate higher metropolitan density in the medium term,
contributing to higher effective density which in turn translates into an increase in
urban productivity (Hensher et al., 2012; Weisbrod & Reno, 2009). Instead of
assuming that public transport usage facilitates higher density, this thesis assumes that
it was higher density and effective density that will influence the success of public
transport usage. Therefore, this thesis examines this transportation/land use/spatial
economic interaction from a ‘reverse’ perspective, such that the transportation
infrastructure will eventually change the effective density and these changes feedback
to travel behaviour. Nevertheless, the interrelationship between transportation/land

use/travel behaviour essentially runs both ways, i.e. “public transportation facilitates
higher density, higher density requires more public transportation” (Weisbrod & Reno,

2009).

In terms of agglomeration studies, the influence of effective density on the level of
commuter or train ridership was viewed via the mechanism of labor market pooling,
in which transportation infrastructure increases accessibility of activities, reduces
travel costs between activity locations, and creates higher employed resident and job
supply accessibility. The clustering of jobs and employed residents also makes the
search for jobs and skilled workers more efficient and reduces costs of commuting to

workplaces.

Measurement of effective density was conducted at an aggregated geographical scale.
The scale of density of employed residents and jobs were quantified based on the
proximity between suburbs in the overall metropolitan area. The examination of the

influence of effective density on train ridership was conducted across both place of
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residence (train ridership production) and place of work (train ridership attraction),
and across different economic sectors such as construction, manufacturing, retail and
the benchmark total sectors. In addition, “agglomeration has been shown to dissipate
more rapidly with distance from the source” (Mare & Graham, 2009, p. 13). This thesis
establishes a model that incorporates the distance decay effect of agglomeration from
its source, assumed to be train stations, which facilitate clustering around them as the

railway line is extended.

The derivation of parameters affecting train ridership was conducted both under the
LUTI and SETI framework. These variables were represented as external factors of
train ridership, and therefore this thesis omits the internal factors of train ridership, i.e.
the factors under the control of the transit agencies, such as transit services and fare

levels.

1.4 A MODIFICATION OR EXTENSION OF DENSITY INTO AN
EFFECTIVE DENSITY CONCEPT IN TRAIN RIDERSHIP
PREDICTION

Density has been considered to be the main feature of land use among all other
components that determine public transport usage. Density or densification is the
expected core result of improved accessibility in a land use system when new
transportation infrastructure intervenes in a system. Broad studies have provided
evidence on density increases, such as changed residential use from single housing
into multi-storey housing and condominiums/apartments (Cervero & Landis, 1993), or
changes from brownfield areas into developed areas, or intensified development by
land use infill (Curtis & Olaru, 2011). These changes take place in the medium to
longer term with other gradual changes (Wagener, 2004), such as changes in

employment and residential patterns (Hensher et al., 2012).

However, studies of a less dense city with a strong dependence on private cars, such
as Perth, may face some challenges when mostly relying on density (the core of a LUTI
strategy), such as in the case of transit oriented development or TOD studies. The
extent to which higher residential densities affect travel by public transport had been
questioned (Chatman, 2008; Curtis, 2008; Grant, 2009) . Employment density or

density of work locations is sometimes a more influential factor than density at place
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of residence (Chen et al., 2008; Ory & Mokhtarian, 2009). As a critique to Newman
and Kenworthy’s work (1998 and 1999), Van de Coevering and Schwanen (2006)
argued that a single measure such as density, while important, left out some important
ingredients which reveal the nature of some relationships, such as the role of individual
travellers and space-time context. They proposed other factors to complement spatial
factors (density and centrality of activity) such as “socio-demographic structure”,
“housing structure” and “urban development history”. Chatman (2008) suggested
adding a spatial scale as a consideration when measuring density. Chatman has
proposed the concept of ‘activity density’ which was assumed to be related to distance

travelled, and that density measurement should be measured across different scales to

adjust for different types of modes.

How density is distributed across urban areas is one feature of urban form (Bamford,
2009). For example, ‘monocentric’ urban form presents the city centre as the core of
activity development, hence degree of density is considered to be the most important
controlling factor and spatial interaction is oriented toward the city centre. The
‘multiplied nuclei’ is the urban form of more advanced stages of urban development,
where interaction between spaces is no longer concentrated in single direction toward
the city centre, but also between regional centres and their services areas. The TOD
concept suggests the train station as a core of activity where development of jobs

and/or residential areas will be intensified within the station precinct.

The simultaneous measurement of density or the scale (or density) of economic
activity and the proximity between activities was proposed in Venables (2004). This
concept is known as ‘effective density’ . Effective density has been widely recognized
and used in agglomeration studies to assess the influence of public transport
investment on wider economic impacts or urban productivity (Graham, 2007;
Venables, 2007; Graham & Melo, 2010; Melo et al., 2013; Hensher et al., 2012).
Effective density is a variable that represents urban agglomeration and also measures
a market potential. Effective density is an accessibility-type measure of agglomeration,

such that it can better describe the potential for opportunities that are available to firms,
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workers, or the city and the real accessibility than employment density or total
population measures (Melo et al., 2013).

Travel behaviour is a result of the short-term impact of a ‘shock’ to the transport

system (such as the development of new stations or a railway line extension). On the
other hand, agglomeration is a medium to long term effect of transport investment that
arises through the changes in the distribution of housing and employment (Hensher et
al., 2012). Studies using the LUTI framework often consider that changes in travel
behaviour would lead to the changes in medium term decision-making that affect the
spatial distribution of housing and employment. These changes in distribution of
activity patterns would further facilitate the agglomeration process and feedback to
urban economic and land use such as land rents, wages, and urban productivity. How
agglomeration, as defined in terms of effective density, may further influence travel
behaviour such as train ridership is focus of this thesis. This thesis uses the reverse
relationship between land use-transportation interactions, assuming that effective
density is endogenously defined by travel time changes or accessibility changes that

feedback to train ridership.

Improvements in the transport system can impact the ‘effective’ employment density
even before or without any of the actual employment numbers changing, provided
travel times are used to indicate the relative positions of these employment numbers
with respect to the reference point (Hensher et al., 2012). For example, during a period
of constant decay of agglomeration, if a proposed transport improvement reduces
travel costs to the east of site by 20%, then the new effective density at that site will
change in way that is equivalent to moving employment to the east 20% closer
(Graham & Melo, 2010) without necessarily changing the physical density in the

various locations.

There is an issue of non-constant spatial parameters, for example, due to a varying
geographical context resulting in the variation of coefficients that indicate the degree
of relationship between land use and the transportation system in a geographical space
(Paez, 2006). The varying geographical context will give rise to the varying influence

of land use variables on travel behaviour, such as in the case of the influence of density
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on travel behavior. The effective density concept embodies the quality of accessibility

since either implicit or explicit travel time savings are incorporated into the parameter.

This is the main difference between the concept of density and effective density.

1.5 RESEARCH METHODS
Research methods in the agglomeration analysis were based on a comparison of

before-and-after public transport extension; i.e. 2006 and 2011. Research methodology

for modelling purposes was based on a cross-sectional approach. The derived model

attempts to predict train ridership production and attraction based on 2011 data, and is

then calibrated on 2006 data for train ridership production only.

The stages of research consist of:

1.

2.

Investigating the impact of public transport investment.

This stage aims to investigate the impact of public transport investment on
some key variables. This analysis compares the changes in effective density,
train ridership, and travel time by park-and-ride between 2006 (before
extension) and 2011 (after extension). Statistics descriptives are used to
examine if the changes in all variables are larger in the area of the Perth-
Mandurah railway lines than other lines.

In this stage, the aim is to provide evidence towards testing if the effective
density is related to public transport investment in the Perth-Mandurah railway
line extension. The correlation between the changes in effective density before-
and-after the extension, to the changes in travel time and the changes in train
ridership was examined to determine whether the link between effective
density and train ridership is a result of public transport investment or public

transport induced agglomeration.
Investigating the degree of agglomeration.

This stage aims to investigate the degree of agglomeration of jobs and
employed residents. While the literature has proposed some methods for
agglomeration measurement, such as the Gini index, Moran | statistics, and
location quotient or LQ (Guillain & Le Gallo, 2007), this thesis adopts the

measurement of agglomeration in terms of effective density, as used in
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Venables (2004) and Graham (2007). The agglomeration in this context is
related to public transport induced agglomeration. Further, the meaning of
public transport induced agglomeration would be exchangeable with the term

“effective density” in this thesis.

In order to measure the effective density, a decay parameter was first estimated,
using the gravity model. This parameter was then used to determine the
effective density for each suburb. The proximity between suburbs was
measured based on a travel time matrix by park-and-ride produced by the

STEM model of the Department of Planning of Western Australia.

3. Measuring spatial patterns such as clustering and decay patterns around train

stations.

This analysis aims to identify if agglomeration showing tendencies of decay in
favour of proximity to train stations (distance decay effect) and if a
concentration of activities (hot spots) emerge around station, such as in the
context of transit oriented development (clustering effect). In this analysis, this
thesis investigates whether or not the agglomeration and clustering (jobs and
employed residents) exists around train stations and across different economic
sectors. The method Getis-Ord G* was used to measure cluster phenomena;
the probability density function and exponential distance decay curve was used

to measure decay phenomena.

4. Establishing a model to understand the relationship between the agglomeration

and train ridership.

This thesis incorporates train trip production (place of residence) and train trip
attraction (place of work) into the model for train ridership prediction. This is
a process where factors affecting train ridership are derived under the LUTI

framework and SETI framework.

5. Establishing the relationships between effective density and distance of suburbs
to train stations to investigate the geographical extent of the influence of

effective density on train ridership. If any agglomeration is influenced by the

Chapter 1 Introduction 15



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

proximity of suburbs to the station, the predictions for train ridership will be
more accurate when the model incorporates this distance decay effect.

6. Analysing of the implication of models on land use policies. This thesis derives
the beta coefficients of effective density with the interaction terms from various
models. The interpretation of these beta coefficients with regard to policy
scenarios is based on calculation of their multiplicative effects on the
proportion of train ridership. The underlying hypothesis of agglomeration is
used to assess the implications of job-housing balance for train ridership, by
using wage equation models (Timothy & Wheaton, 2001). Further implications
of the various statistical models on TOD strategies are discussed and the
influence of effective density on train ridership is evaluated in comparison to

other studies.

1.6 RESEARCH STRUCTURE
The research structure is represented as topics separated out into each chapter of this

thesis. These are as follows:

1. Chapter 1 provides the introduction to this thesis, including the background to
the research that initiated the current problems and research hypotheses; the
research significance and scope; the main features of density and effective
density and why it is important to differentiate the influence of these two
measurements on train ridership; the stages of research, and the research

structure.

2. Chapter 2 presents a literature review, mainly discussed factors affecting train
ridership under the LUTI and SETI frameworks and the potential for ongoing

research.

3. Chapter 3 explains the proposed research methodology, sources of data,
definitions and measurements of each of the predictor variables and dependent

variables, and the research method.
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4.

Chapter 4 describes the preliminary analysis that was required to prepare the
data sets into an adaptable and useable set of variables for use in the analysis

section.

Chapter 5 describes the first analysis. This chapter presents the measurement
of agglomeration; the estimation of decay parameters for effective density; the
empirical evidence for public transport induced agglomeration by linking the
railway line extension to the association of changes in effective density to
changes in travel time and changes in train ridership; then finally the analysis
of spatial patterns of effective density comprising the clustering and distance
decay phenomenon of agglomeration toward the nearest train station.

Chapter 6 presents the second analysis. This chapter discusses the result of train
ridership prediction and compares the strength and magnitude of the
relationships among predictor variables for train ridership. The results of the
model in terms of factors affecting train ridership, and compares these to others

in the literature.

Chapter 7 presents the third analysis. The geographical scope and the degree to
which density and effective density influence train ridership is discussed. The
comparison between density and effective density is focus of this chapter.
Three aspects of the model results are discussed in this chapter: the overall
model fit; the contribution of effective density to improving the prediction
capability of the model by the measurement of coefficient of determination and
partial determination in LUTI and SETI; and the model validation or back-
testing based on the 2006 dataset.

Chapter 8 discusses the model findings in relation to the underlying research
hypothesis concerning the trade-off concept between wages/land rents and
transport costs. The application of the job-housing balance hypothesis is
discussed with regard to some alternative policies for enhancing the
effectiveness of Transit Oriented Development, or TOD. Another component
of discussion involves the potential uses for incorporating effective density

variable and its geographical extent into future modelling of land use
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development and transportation policies, especially in the context of the Perth
metropolitan study area. The significance of incorporating an effective density
component into train ridership prediction is re-evaluated.

9. Chapter 9 provides the conclusions. Key findings are presented, and the
limitations of this thesis are elaborated. Some policy implications are briefly

stated. Critical points on how to improve the findings and methods are
proposed for future research.

Chapter 1 Introduction 18



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

CHAPTER 2. LITERATURE REVIEW

2.1 INTRODUCTION

This chapter builds a conceptual framework for train ridership prediction in which the
factors involved in train ridership are derived based on the Land-Use Transport
Interaction (LUTI) framework and its extension. In the context of travel behaviours,
the key dimensions of land use and transport interaction are discussed. The main
concept and the nature of the relationships in each study are mentioned. The discussion
is divided into two parts: (1) LU-T studies in which land use influences travel
behaviour; and (2) T-LU studies where transportation infrastructure shapes urban form
or influences land use. Some gaps in the parameters used in LUT]I are discussed and a
framework for LUTI and its extension is proposed for deriving the appropriate factors

for train ridership prediction.

2.2 LU-T STUDIES

Mainstream studies in LUTI have assumed a causal relationship between land use and
transportation. The term “land use transport feedback cycle” has been essential in
developing the two-way relationship between trip and location and the way they co-
determine each other (Wagener, 2004). Some minor but popular studies have

concluded that the effect of self-selection has influenced this apparent causality. “Self-
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selection” refers to the possibility that individuals/households endogenously self-
select themselves into environments that support their inclinations for certain transport
modes. For instance, travel preferences of individuals/households means they select a
location where they can behave in their preferred way and therefore, provided one’s
travel preference is to use train, she/he will move to a location where train is catered
for (Nurlaela & Curtis, 2012). Self-selection therefore implies an over-estimation of
the effect of the land use factor on travel behaviour. However, a non-spurious, causal
relationship appears to be true based on the evidence for a statistically significant
association between land use and transport after controlling for self-selection (Olaru,
Smith, Xia, & Lin, 2014). Regardless, both the causal relationship and self-selection
effects tend to promote the use of public transport and curbing the dominance of cars.
Other studies report inconclusive results on the nature of causality but have
emphasised its importance. The table 2.1 presents the above-mentioned references
subdivided by their field of study and type of relationships.

Table 2.1 The division of field of study, type of inference of relationship, and
references for land use influence transport studies

Type of study Type of inference References
1. LU-T Causality relationship (Lindsey, Schofer, Durango-
Land use influences Cohen, & Gray, 2011),
transport (Boustan, 2009),

(Chen et al., 2008)

(Ory & Mokhtarian, 2009)

(Van de Coevering & Schwanen,
2006)

(Limtanakool, Dijst, & Schwanen,
2006)

Van Acker, V., F. Witlox, et al.
(2007).
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Self-selection effect (Levine & Frank, 2007)
(Pinjari, Pendyala, Bhat, &
Waddell, 2007)
(Pinjari, Bhat, & Hensher, 2009)
(Bhat & Guo, 2007)
(Bhat & Eluru, 2009)
Eluru, Bhat, Pendyala, and
Konduri (2010); (Mokhtarian &
Cao, 2008).

Inconclusive relationship  (Naess, 2009)
(Naess, 2006)

(C. Kim, 2008)
(Senbil, Kitamura, & Mohamad,
2009).

Density is the most common land use variable used in LU-T studies. Most findings
agree on the conclusion that there exists a positive influence of density on public
transport uses. Other factors besides density, included as part of a building
environment factor, consist of design and diversity (the 3Ds) as well as distance to
transit and destination access (the 5Ds) (Ewing & Cervero, 2001). Further
development of these Ds components involved the addition of two more components,
such as demand management as a sixth D and demographics as the seventh D (Ewing
& Cervero, 2010).

Density and diversity variables are usually assumed to have some correlation with
mode choice, travel distance, and trip rate. Van Acker, et al. (2007) explains that there
has been a common belief among researchers that high density and diversity always
correlated with the higher use of public transport and Non-Motorized Transport
(NMT). In their study, travel distance negatively correlates with density.
Characteristics of design such as dwellings, streets, and neighbourhoods may influence
mode choice, but limited to trips for shopping, social, and recreational activities. Urban
form and urban size were shown to be the main contributors to mode choices for

commuting, especially for working trips.
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Design aspects with more detailed measurements of urban form, i.e. urban form at the
micro level, such as pedestrian-oriented design with small block sides, sidewalk
systems and limited residential parking, are also often considered. However, these
micro-level land use components are often too small-scale to define a clear relation
between urban form and travel behaviour (Boarnet & Crane, 2001). Design aspects at
the medium scale of urban form have been considered more appropriate to model.
Examining a large area may dilute the effects of urban form, while a much smaller
area may omit some important effects potentially. Therefore, recognising areas smaller
than a zip code would likely have a better correspondence to the activity space in which
non-car travel takes place (Vance & Hedel, 2007).

Falconer, Newman, and Giles-Corti (2010) criticized the “new urbanist” principles
applied as part of the design code in developing ‘liveable neighbourhoods’ in Western
Australia. Liveable Neighbourhoods (LNs) represents urban design in the form of
straighter roads, provision of footpaths, shorter block lengths, and overall network
connectivity. However, these design components did not deliver any local utilitarian
destinations but were only anchored by public open spaces and water features; hence
the purpose of a local walking trip would be undoubtedly for leisure. In fact, they found
the average distance to key destinations was found to be significantly lower in

conventional neighbourhoods when compared to LNs.

In addition to the density concept, another influence on travel behaviour was discussed
in relation to residential location choice by Bhat and Guo (2007). They considered that
land use factors have an influence on both residential location and mode of transport
choice. Studies in this area investigate the joint-decision, the co-location, and the job-
housing balance. However, the causal relationship in this field is often viewed as being
confounded by the self-selection effect. Including the possibility of self-selection
interfering with other causal effects, it has still been shown that land use moderately

influences travel behaviour.

Research in the area of joint mobility for residential locations and workplaces supports
the phenomenon of self-selection. Self-selection is defined as the effect of external
bias in the decision-making process for residential location choice.

Individuals/households choose the location or built environment that supports their
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preferences, lifestyles, personal traits, attitudes or socio-economic characteristics.
Self-selection might happen due to a combination of intervening factors when
residential location and travel behaviour variables are related to one another. Three
sources of interrelated variables have been identified: socio-demographics (e.g.
income), attitudes that comprise auto-disinclination or inclination, and travel
preference. The three factors may be observable, such as in the case of household
income; or unobserved such as attitudes, perceptions and environmental
considerations (Pinjari et al., 2007). For example, individuals who value walking are
likely to locate themselves in the neighbourhood with walking trail facilities (Guo &
Bhat, 2007).

The co-location hypothesis was proposed in the research by C. Kim (2008). The
hypothesis was stated as: “the decentralization of job centres or suburbanization would
reduce the trip distance or commuting time due to relocation of residence or workplace
as an adaptation process to the worsening congestion” (C. Kim, 2008). The results of
this study found that the number of trips decreased with increases in commuting time
and distance. However, there was not enough evidence to conclude if the
decentralization of employment caused a reduction in the commuting time. The

connection between the workplace and residential mobility was found to be weak.

Table 2.2 Key concepts in land use influence transport studies

No. Key concepts in land Variables References
use influence

transport

1. Density concept Employment density, residential (Limtanakool et al., 2006)
density, activity density, population  (Cervero, 2002)
density, proximity to infrastructure  (Chatman, 2008)

(accessibility), and land use Naess (2006)
diversity. Lindsey et al. (2011).
Distance of residential area to the

city centre.

Vehicle mile travelled (VMT).
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Joint decision of
residential location and
travel choice, self-
selection effect.

Co-location hypothesis

Decision maker attributes (household
structure, vehicle ownership, etc.)
Neighbourhood characteristics

The preference of residence on
neighbourhood type

Public transport accessibility

Land use density and mix (diversity)
Residential location choice (e.qg.
between centre and sub-centre,
between different type of
neighbourhood)

Mode choice or mode switching (e.g.
between car and public transport).

The number of trips

Commuting time and distance
Suburbanization employment centre
(decentralization)

Residential mobility

Workplace mobility

House price

Wages

(Bhat & Guo, 2007)
(Levine & Frank, 2007)
(Senbil et al., 2009)

(Lee & Waddell, 2010)
(Vega & Reynolds-Feighan,
2009)

(Chang & Mackett, 2006)
(Eluru et al., 2010).

(Boustan, 2009)

(C. Kim, 2008)

(So, 2001)

(Manaugh, Miranda-moreno,
& El-geneidy, 2010).

2.3 T-LU STUDIES

T-LU studies refer to studies in the LUTI field where an emphasis is put on the
examination or understanding of how the transportation infrastructure influences land
use or urban form. Transportation infrastructures are considered to influence land use
in three areas:(1) the effects of transit on development; (2) how transit affects the
quality of life; and (3) the available mechanisms to implement those effects (Catanese,
1988). In a US-based context study, three possible forms of the relationship were also

stated: 1) how highways and mass transit contribute to decentralisation trends; (2) how
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transport affects the local balance between jobs and housing; and (3) how transport
affects the pattern of commercial investment (Boarnet & Crane, 2001).

This thesis has identified two typologies of T-LU studies: the influence of
transportation infrastructure on land use or urban form, and transportation evaluation
or transport impact assessment, where studies relate to the environment or economic
impact of transportation infrastructure. Recent developments in this area include
extension to a wider impact assessment that adds the dimension of public transport-

induced agglomeration.

Transportation infrastructure development, such as massive highways and electric
railway development has shaped cities in the US into a sprawling form and created
more car dependences due to leap-frog development (Cushman, 1988). Transport has
created the segregation of development, created more distance between sub-centres
and between the sub-centres and the CBD and created low-density suburbs, resulting
in inefficiency of transport services. Conversely, the subway development in Toronto,
Canada, encouraged fill-in development and strengthening of urban form. It created
more dense population and jobs, and strengthening of some suburban centres, whereas
the centre city became less purely a CBD. Suburbs became local employment centres
where more people were attracted to live and work in traditional neighbourhoods
(Greenberg, 1988).

Gallivan (2015) used a sophisticated statistical analysis tool which included a
calculator that planners can use to predict the impacts of transportation on land use and
travel behaviour (Gallivan, as cited in Department of Transport, 2012, p. 28). The
analysis found that the effects of transit systems have created more compact and
sustainable US cities. The tool simulated urban form without a transit system, which
resulted in otherwise unexpected effects on the US urban population in aggregate, such
as lower population density, lower activity density around transit nodes, increasing

vehicle mile travels and fuel uses, which in turn led to increases in GHG emissions.

However, new transportation infrastructure was shown to induce growth through the
multiplier effect of development, by increasing the accessibility and mobility of site

users. This multiplier effect of new development from new highway corridor and
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interchanges applied not only to sites in the vicinity but also often to locations at quite
a distance from the interchanges (Bezler and Autler, as cited in Evans, Pratt, Stryker,
& Kuzmyak, 2007, pp. 17-14).

In the second typology of T-LU study, the empirical approach for ex-ante transport
evaluation has been a standard cost-benefit analysis (CBA). The components of
transport project appraisal have been mentioned in some of the literature. These consist
of spending, travel improvement and access improvement impact. Impacts have been
measured as direct, indirect and induced impacts. Spending impacts have been related
to the calculation of benefits for transport industry and its supplied businesses.
Spending money on public transportation infrastructure has been shown to create
immediate jobs and income by supporting manufacturing, construction, and public
transport operation activities. Travel improvement impacts have been related to more
broad areas such as travel time saving, travel cost saving, reliability improvement and
safety improvement. Access improvement impacts have resulted in both expanded
public transportation and reduced traffic congestion, such as mobility and market

access, and spatial agglomeration economies (Weisbrod & Reno, 2009).

In the context of wider impact assessments, the framework of evaluation has consisted
of transport investment assessments under the environment of externality known as
Wider Economic Benefits (WEBs). WEBs was an indirect and long term transport
project, hence it was difficult to be measured using traditional cost and benefit analysis
(CBA).(T. Lin & Truong, 2012) An agglomeration effect was the largest effect of
Wider Economic Benefits. The agglomeration benefits accounted for more than 50%
of the wider economic benefits produced by related transport projects (Rognlien, as
cited in T. Lin & Truong, 2012, p. 1)

The assessment of wider economic benefits goes beyond the scope of the standard
conventional calculation of cost benefit analysis (CBA). Applying the new form of
appraisal to CrossRail in the UK, it was found that total user benefits based on CBA
were valued at 12.832 million while the WEBs were 15,926 million. The CBA in this

study consisted of business time-saving, commuting time-saving, and leisure time-

Chapter 2 Literature review 26



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

saving while the WEBs consisted of agglomeration benefits measured with a Total
Factor Productivity (TFP) parameter (Graham, 2007).

2.4 LUTI FRAMEWORK APPLIED IN THE AREA OF TRAIN RIDERSHIP
MODELLING

An integrated transportation-land use model was argued as the only approach to
investigate the “true” impacts of rail transit system on a long run (Badoe & Miller,
2000). The goals of such a model are to predict the responses in travel behaviour due
to changes in one or more components of land use and the transportation system.
Models are also used in testing both land use and transportation policies and to assess

their impacts (Wagener, 2004).

In this thesis, the LUTI framework is used to predict the aggregate response of the
population to the level of train usage due to changes in land use and transportation.
This thesis adopts the LUTI framework approach as proposed by Southworth (2001)
and Broarnet and Crane (2001). Southworth (2001) mentions that the influence on
travel demand can be understood from the interaction of exogenous demand related to
people and the economy, developmental demand related to land use system, and the
transportation supply in terms of transportation infrastructure development and
investment. In addition, Boarnet and Crane (2001) use the price/costs-changes
mechanism to understand how the supply relating to the transportation system and
demand interact to create travel demand.

Southworth (2001) offered a framework to understand the origin of travel demand in
response to supply-demand of land use and transportation system. On the demand side,
the author mentioned transportation had grown rapidly due to the natural growing of
population, employment and the economy. Those factors were named exogenous
demands. The developmental demand referred to the land use system, consisting of
spatial pattern, density and the level of land use mixing. The joint influence of
exogenous and developmental demand combined to create travel demand. Southworth
(2001) also explained the micro-economic approach through which demand and
supply interacted. There was considered to be a causal loop between price elasticity
and travel demand. As supply of transport increased (transport side), the cost

decreased. Thus, a new highway (or other transportation infrastructure investment) led
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to lower travel costs and induced more travel. Over time, this influenced the value of

urban land parcels leading to new building and new travel demands (Figure 2.1).

Exogencus Price Changes
(fuel, labour and material
prices, taxes)

Price elastic demand ¢

Travel Cost Changes

TSM, TOM, ITS +

4 —_— .
Travel demands Transportation Supply
{wmit) > (infrastructure, services)

Developmental demands +

Land use changes (Pattern,
density, mix)

Exogenous Demand
(Population, income and
employment growth and
change)

Figure 2.1 Sources of VMT growth and their interaction (Southworth, 2001, p. 1273)
In order to solve the problem of increasing travel demand, Southworth suggested
practical, short term management. This consisted of Transport System Management
(TSM), Travel Demand Management (TDM), and ITS (Intelligent Transport System)

measures.

The economic dimension was incorporated into the framework of supply-side land
use-transport interaction through the implicit prices/costs changes (Boarnet & Crane,
2001). The development of an efficient public transit network and massive highway or
freeway construction reduced the travel costs between origin and destination,
especially between homes and work places. On the demand side of land use and
transport interaction, Boarnet & Crane (2001) used the price/costs approach in
understanding and explaining the mechanism of how urban form changes impacted
transit or travel behaviour. Land use and design would influence travel behaviour by
changing the price of travel, i.e. through linking the neighbourhood design components

to price variables. They proposed urbanism, a design principle that adjusts the land use
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and transport system to minimize travel costs and directs the ‘rational choice’ of the
traveller into more sustainable transport by non-motorized means (bicycle or walking)
and transit. An example of this is the grid street pattern, which lowers trip costs for

cars and walking in comparison to the conventional design.

This thesis adopts the framework of LUTI mentioned in Southworth (2001) and applies
it in deriving the important factors affecting train ridership. In short, the LUTI
framework offers a component of demand side (land use and the exogenous factors;
such as population and economy), supply side (the transportation system, and
transportation infrastructure), and the interaction of supply and demand due to
price/costs changes.

Parameters affecting transit use are generally comprised of both internal and external
factors. Internal factors are those factors under control of the transit agencies (Taylor
et al, 2009) including transit services such as fares, frequency of service, service
design, and marketing (Fleishman et al., 2007). External factors are those factors
beyond the control of the transit agencies. These comprise the local or regional
economy, land use, population, transit policy, and attributes of competing modes
(Fleishman et al., 2007). This thesis focuses on the external factors of train ridership
under the LUTI framework, thus omitted the internal factors. Although the transit
agencies cannot control the external factors, they can assess the impact of external
factors on travel demand and take action to respond in a way that benefits them, or

avoid risk by mitigating negative impacts (Fleishman et al., 2007).

2.4.1 Parameters for train ridership: land use factor

The parameters contributing to train ridership that were part of the demand side of
LUT]I are related to land use. Land use generates travel demand from various activities
according to each land use type. Land use consists of (a) the amount, quality and spatial
distribution of opportunities supplied at each destination (jobs, shops, health, social
and recreational facilities), (b) the demand for these opportunities at origin locations
(such as households), (c) the interaction of supply and demand for opportunities, which
may result in competition for activities with restricted capacity, such as job and school
vacancies (K. T. Geurs & van Wee, 2004, p. 128).
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Density, land use mix, and the TOD design components have been the most popular
land use variables used as predictors for transit ridership (Evans et al., 2007). Density
and the distance from the CBD has been shown to correlate with a consistent increase
in public transport share, independent of other factors (Rickwood & Glazebrook,
2009). Density-related built-environment impacts have often been found in research
to be the influencing factors for both housing choice and mode choice. The density
factor is usually complicated by many other factors such as self-selection issues,

generalized travel costs, accessibility and access to transit stations.

Chen et al. (2008) examined the importance of density on mode choice decision. The
case study used was the New York Metropolitan Region. Density was examined in
more detail with a division between employment density in work places and residential
density in housing areas, and these two sections were compared to identify how much
they impacted mode choice. The policy implied in the research was similar to the ABC
policy applied in the Netherlands, in which there was an aim to channel new
employment into nodes that were well served by the public transport network in order
to restrain the use of the private car (Chen et al., 2008). Therefore, the areas with the
highest employment densities, such as the CBD, usually have a concentration of transit
hubs and a moderate level of population density due to high rents excluding many
residents from the CBD. The policy to create mixed-use neighbourhoods in residential
areas only (trip origin) was not considered to be enough, due to the importance of work
place neighbourhoods outweighing that of residential neighbourhoods (Ory &
Mokhtarian, 2009).

On the other hand, other research has found the effect of job density in the CBD can
be less than the population density (Van de Coevering & Schwanen, 2006). The
influence of density on travel behaviour was seen to be variable and to depend on the
focus of the study area. For example, total distance by public transport only correlated
to the employment density in the inner area. The percentage of jobs in the central area
was found to be correlated negatively with the average commuting distance. This
reflected the larger distances travelled by public transport in metropolitan areas with

more jobs per hectare in the core (Van de Coevering & Schwanen, 2006).
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Provided there were enough people to be carried on (mass) transit, the more people
could be transported per vehicle, per hour, or per mile of service, the more effective
and productive the transit would be (Cushman, 1988). Therefore, the more densely-
concentrated people are, whether in home areas, shopping areas, or schools, the more
people the transit system was able to carry per unit of service offered, the more revenue
would be made, and the more productive the transit system would be.

The connection between density and public transport use may be explained by the
indirect effect of density. Higher density creates activity locations closer to each other
and allows for shorter access and egress times to public transport facilities. This
indirect effect is captured by an indicator called proximity to infrastructure networks
or distance to transit. Research by Cervero (2002), and Limtanakool et al. (2006),
found that travellers with good highway accessibility are likely to commute by private
car while travellers with good access or residing close to railway stations are likely to
use public transport.

Furthermore, there has been a need to use a more specific density indicator to measure
the impact on transport with precision and to reduce bias - an example is the use of the
parameter “activity density”. Activity density is defined as “the number of local
desirable non-work activities, whereas higher activity density implied lower average
distance to activities over all activities from home” (Chatman, 2008) . Accessibility of
activities has been assumed to relate to the reduction in travel distance, and the number

of trips, especially the linking trips of multipurpose trips (Van Acker et al., 2007).

Density of development, zoning controls, and relative locations of major employer and
residential areas; have been found to be statistically significant influences on mode
choices and the need for transit (Fleishman et al., 2007). Based on extensive surveys
of the 1992 California TOD stations, the effect of heavy residential TOD areas was
shown to be different to the effect of retail-based or office-based TOD areas. The
residential TOD areas contributed to lower ridership than the retail- and office-based
TOD areas. Transit-oriented office centres created compact access due to building to
building walking. Among 1,400 employees at 18 worksites within 1.2 mile of each
other, the surveys found that workers near rail stations were 2.7 times more likely to

commute by rail than the average for cities as a whole. It is worth noting that
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employees working within Transit-oriented retail centres generally had lower vehicle
ownership and walking was the predominant travel mode besides rail (Evans et al.,
2007). Similarly, rail commuting was stronger in stations that served employment
centres than those which do not (Blainey, 2010). Distance decay weighted regression
revealed different sensitivities according to the location of new developments within
the station catchment areas. For example, adding 100 new commercial jobs located
within the 0-100 m band from a station would create more journeys than adding new
jobs in 700 — 800 m band at a 6 times larger rate (Gutiérrez, Cardozo, & Garcia-
Palomares, 2011).

2.4.2 Population and economic component

Mode choice studies have emphasised the underlying factors for why people choose
certain modes of transport over others, for example, why people choose trains
compared to cars or the other way around. The underlying mechanism that determines
choice by individuals or households has been discussed using several approaches, such
as microeconomics, sociology, and psychological analysis and market segmentation
(McFadden, 2007; Ohnmacht, Gétz, & Schad, 2009; Van Acker & Witlox, 2009):

1. The micro-economic approach: the microeconomic approach views travel
behaviour with regard to the perception of transport or travel as a commodity
(Ferguson, 2000). Hence, travel demand is considered to be a derived demand,
based on activities and goods that require travel (Boarnet & Crane, 2001). In
line with Ferguson (2000), Liu (2011) applied the perspective of “commodity”
for travel using the assumption that people will choose to travel (travel choice,
vehicle choice) based on their preferences for different options
(goods/commodities/choices) on the costs of these goods (such as monetary
and time costs), and the budget constraints, i.e. the availability of income and

time in order to maximize their utility.

The economic approach as a framework to analyse travel behaviour often
values rational-behaviour-based decision making (McFadden, 2007). People
are assumed to give consistent responses to certain situation, with the main

objective being to maximize utility. Put another way, people would optimize
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the benefits they received and minimize all costs likely to be incurred. One
simple example, stated in McFadden (2007), examined intermodal
transportation, which provided good service for people to utilize non-
motorized combination public transport (like buses equipped with bike racks).
These would be valued as giving more positive benefits to users, and would

increase people’s inclination to use buses and bikes together.

The micro-economic approach discussed in depth in McFadden (2007)
concerns the utilization of a random utility model of discrete choice, that was
originally used by Domencich and McFadden (1975). It modelled the urban
travel demand (mode choice) assuming a utility structure that would give a
multinomial logit and nested logit model for mode choice. This approach also
potentially applies to both very detailed analyses of household activities, all the
way up to broad questions of transportation system investment and operation.
The premise of the random utility model was that individuals or households
would obtain utility from the choices they make in order to maximize that
utility value. Since different people would have different tastes, these
differences would be captured by making the utility random. The model used
the observed discrete choices to estimate the distribution of utility and its
relationship with transportation variables (independent variables) of defined
research interest. This approach is a highly disaggregated form of modelling,
unlike the spatial approach of travel demand modelling, which is related to
aggregate modelling.

2. The sociology approach (vertical and horizontal segregation approach): the
terminology of vertical and horizontal segregation may be found in Ohnmacht
et al. (2009). Characteristics such as age, gender, household size, household
income, level of education, employment status, mobility constraints, are
commonly used as variables. These variables sometimes are used in
combination with each other to form categorisations of individuals or of
households according to their similarity of characteristics. This creates
segregation vertically, also known as ‘bundle of individual or household’ or as

‘household type’.
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3. The psychology/personality approach: McFadden (2007) refers this approach
to cognitive psychology. McFadden (2007) proposes a combination of
sociology, anthropology, and psychology. This approach focuses on the
consideration of human tastes, personal traits, life style, and preferences as the
main predictors for travel behaviour. Using this point of view, people are no
longer segregated by the usual socio-economic or demographic types, but
rather by internal preferences (horizontal segregation). In this way, people
from the same household type possibly have different travel behaviours and
people from a different socio-economic category possibly have similar travel

behaviour.

Most studies in this area attach a higher significance to the effect of personality
variables on travel behaviour, compared to social economic and land use
variables. However, lacks of data and difficulties in collecting data have been
major obstacles for these studies. In fact, research in this area has mostly
focused on leisure trips. According to Ohnmacht et al. (2009), the personality
research approach has aimed to reveal more complex travel behaviour
including need to take into account the social realities of individualization and
pluralism. For that reason, leisure trip studies were appropriate for examining,
and able to successfully confirm, the ‘in group homogeneity of lifestyle’ often

controlled for in lifestyle trips due to the similarities in interests or preferences.

4. Market segmentation has been defined as: “a customer classification where
subsets of people shared some common characteristics (socio-economic and
personality traits) that were identified within a larger sample” (Diana &
Mokhtarian, 2009, p. 456). In addition, Shiftan, Outwater, and Zhou (2008)
used segmentation by attitudes which were aimed to understand motivational
and affective factors. It was hypothetically stated that segmentation by attitudes
was important in order to identifying potential mode switchers since socio

demographic factors had little bearing on travel profiles of the segment.
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Table 2.3 The approaches in mode choice studies

No  The Approach in Mode choice Studies References

1. The microeconomic theory: (Domencich & McFadden, 1975)
Using utility theory, economic instruments, (Ferguson, 2000)
econometric model (Liu, 2011)

(Hensher & Puckett, 2007)
(Hess, Rose, & Hensher, 2008)
(S. Kim & Ulfarsson, 2008)
(Eluru et al., 2010))

(Dargay, 2007).

2. The sociology approach (vertical and (Nolan, 2010)
horizontal segregation, market segmentation) (Commins & Nolan, 2011)
(Diana & Mokhtarian, 2009)
(Shiftan et al., 2008).

3. The personality/psychological analysis on (Ohnmacht et al., 2009)
human preference/taste/lifestyle (affective (Ory & Mokhtarian, 2009)
dimension, perception, attitudes) (Lois & Lopez-Saez, 2009)
(Holden, 2007)
(Choocharukul, Van, & Fujii, 2008).

It is worth pointing out that these approaches are differentiated by the context of their
research approach. Aggregate studies define population variables as a bundle of socio-
economic or demographic characteristics (Hensher & Ton, 2002), hence such studies
will tend to categorise individuals or households within the same socio-economic and
demographic level into the same category without differentiating their level of taste,
preference or individual inclination. In fact, the socio-economic and demographic level
is assumed to dictate their preference of travel mode, by assigning the same level of
utility for the set of behavioural choices into the same category. Therefore, vertical
segregation is the most common approach in determining population component
measurements used in aggregate studies. This includes defining the characteristics of
population groups based on income level, household structure, household size,

educational background, employment structure, and ethnic background.

Chapter 2 Literature review 35



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

Train ridership studies have broadly used socio-demographic and socio-economic
variables as determinants of ridership. Taylor et al., (2009) used these variables as
external factors, given that these factors were outside of the control of the public transit
system. They found that the percent population in college, percent population of recent
immigrants, and percent carless households all positively influenced the total
urbanized area transit ridership. However, these influences were far less than the

influence of the predicted service supply, i.e. an internal factor.

Car ownership levels and car usage were shown to be important not only in relation to
the socio-economic group but also as a response to the urban form that eventually
dictated travel behaviour. Wagener (2004) in his famous ‘land-use transport feedback
cycle’ identified car ownership to be a result of the inter-relationship between transport
and land use. Sub-urbanization development and the movement outward to the suburbs
of town shopping centres, for example, need to be served by an increased level of car
ownership in the population (Hall, 1969). Regulation to restrict automobile ownership,
such as through tax on car acquisitions, has been demonstrated to have a positive
impact on transit patronage (de Grange, Troncoso, & Gonzalez, 2012). Car ownership
also has been shown to have a strong association with the choice to use cars or trains,
especially for those who live in the immediate surroundings of a rail station.

The amount of income is strongly related to the degree of car ownership level, where
both influence ridership. Income has been assumed to have a negative correlation with
ridership. Chan and Miranda-Moreno (2013) examined average household income at
the 1000 m buffer zone around stations for ridership prediction. Chan and Miranda-
Moreno found that increasing 10% of income would decrease ridership 8.2% for the
Metro railway in Quebec, confirming that people with higher incomes were less
attracted to transit. The effect of increasing income on demand for transit ridership was
found to counter much of the increase in train ridership resulting from increases in
employment (McLeod et al. (1991) as cited in Chen, Varley, & Chen, 2011). Cervero
(1994) showed that 42.3 percent of trips came from no-vehicle households and 3.5
percent was from households with three or more vehicles. Apparently, there was no
indication of a relationship between rail usage and household income. Nevertheless, a
study by Wardman (2007) produced contradictory results to the common studies on
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income. Income has an expected positive effect on rail demand, with elasticity 0.52.
However, in this study, car ownership, which often has positive association with
income, led to fewer rail trips, with elasticity -0.79. With the inclusion of two
demographic variables, the level of car ownership and the number of jobs located
within station catchment, Blainey (2010) reported that both variables were statistically
significant, but that they only added minor improvement to the model fit (absolute-

changes 1.5% of R-square or 4% or relative changes).

The 1992 California transit surveys found that, in both high-housing-cost residential
TOD areas and low income residential TOD areas, ridership decreased compared to
the average 1990 Census data. The suggested explanation was that the increased rates
of walking in the former areas and the excellent pedestrian facilities accompanied by

the short drives to areas of employment in the latter areas (Evans et al., 2007).

The 1990 US Census and 1990 Nationwide Personal Transportation Study reported
that transit users who were: workers age 17-29; those with no car; those with no
education background; black people; women; those with immigrant status and living
in US less than 5 years; those with an income level ranging from $5k to 10k per year,
and those having mobility limitation, were more likely than average to use transit as
their principal mode for commuting to work in U.S metropolitan areas in 1990
(Fleishman et al., 2007). Wardman (2006) reported, based on business trip model, that
men make 60% more business trips than women and those aged over 50 make fewer
trips. All household types make fewer business trips by rail than single person
households. In general, residential characteristics that influenced rail share the most
consisted of African-American ethnicity, small size of household, middle age, and

working in clerical or sales positions (Cervero, 1994).

Gutiérrez et al. (2011) predicted the monthly station ridership by using population and
employment variables as predictor variables to describe service area characteristics.
The population was segmented into groups of workers, foreigners, population under
20 years old, population over 60 years old and non-car owning households. Similarly,
employment was divided into groups by sector, such as commercial, administration,
education, health and industrial sector. Variables of employment in the commercial
and education sectors were highly significant in affecting train ridership. Variables for
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workers and foreign population also positively influenced ridership. Other socio
demographic variables were not statistically significant, including the non-car
households, people under 20 years and people over 60 years old, and employment in

the industrial, health, and administration sectors.

Wardman (2006) created a workers’ structure that was comprised of percent
professional/managerial workers, percent non-manual workers, and percent skilled
workers. Percent professional/managerial workers and percent skilled workers were
shown to have a negative contribution to ridership with elasticity -0.68 and -0.55
respectively, while percent non-manual workers had a positive contribution with

elasticity 1.27.

With regard to the effect of the regional economy, Chiang, Russell, and Urban (2011)
investigated the impact of volatility in gasoline prices and the general economic
downturn on the monthly ridership of the Metropolitan Tulsa Transit Authority. The
impact of gas price was seen to be only marginal. While it was suggested by other
research that a declining economy (reflected by the issue of food stamps) may explain
reduced ridership, this did not happen in Tulsa. A simple explanation was given that

unemployed people who tend to receive food stamps have less need to travel to work.

Wardman (2006) hypothesised that the high levels of the growth in railway demand in
the 1990s in Great Britain may due to GDP. He found that while GDP was important,
other variables such as variations in car times, fuel costs, car ownership, population
and a post-privatisation time trend were found to have statistically significant
contributions. GDP at a growth of 2.1% had a high elasticity on ridership at 1.95. While
prices fell by 2.9%, income had an elasticity of 0.08. The critical importance of GDP
to rail demand growth was clear. Car time and fuel costs also produced elasticities

similar to the other variables, but lower than the effect of population growth.

2.4.3 The supply side of the system: transportation component

The third key factor affecting ridership, as defined in this thesis is the “transportation
component.” The influence of public transport infrastructure adds to the attractiveness
of public transport, and can be measured by variables relating to land use factors, as

explained in Van de Coevering and Schwanen (2006). They have shown that the ratio
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of public transport to road supply and rail density, and the lower public parking supply
in the CBD correlate positively with the total travel distance by public transport.
Further, as emphasised by Nolan (2010) and also in Commins and Nolan (2011), the
reality that a household’s decision to use a car is not only affected by internal factors
such as car types and their socio economic/demographic profiles, but also affected by
external factors in terms of supply side variables such as public transport provision
and the presence of parking restrictions. In line with these, Commins and Nolan (2011)
also attempted to analyse the supply side determinants of mode choice, in addition to
an analysis of the demographic, and socio-economic aspects of households.
Comparing locations between good and poor rail availability, the authors found that
those who lived and worked in areas with good rail facilities are likely to use rail to
get to work, combined with walking and cycling. It did not matter whether car

ownership and work location had been taken into account.

Other studies agreed upon the importance of railway stations, the proximity of living
environments to station precincts, and the spatial accessibility of location to the
increased use of trains for commuters, for example Cervero (1994), J. Lin and Long
(2008), and Limtanakool et al. (2006). Some studies found that these factors seemed
to be more important than that of vehicle ownership and household income (J. Lin and
Long, 2008) and others found that the elasticity of vehicle miles travelled is higher for
these factors than for land use factors such as density and land use mix (Liu, 2011).
Cervero (1994) also showed that rail usage share declined by 0.85 percent for every
100 foot increase in walking distance to the rail station. Nevertheless, the relationship
between walking distance and train ridership was weak. This may be explained by the
fact that the train station in the study area mostly functions as part of a greater
commuter system. Stations provide ample park and ride facilities, resulting in a

statistically significant share of rail users beyond walking distance.

The policy of expanding metro or train networks stimulates the use of public transit
(de Grange et al., 2012). In the case of Metro extensions in the Netherlands,
Limtanakool et al. (2006) examined the impact of this extension on the propensity of
people to move house or switch mode in the case of medium distance travel to work.

Medium and longer distance travel in the study was defined as home-based trips as
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long as 50 km and over for a one-way trip. They found that, as households had a
stronger resistance to move than to switch mode, households would choose to travel
longer than to move house, if one of two earners in the family changed job location or
if they have different job locations. Train extensions that connected the origin and
destination at medium and long distance would therefore increase the share of train
use. Therefore, travel distance impacted on the trade-off between the residential choice

and mode choice decision.

The effect of parking restrictions is also important for those who work in the city
centre, as they prefer to use public transport and are significantly more likely to walk
and cycle. Based on a model for forecasting the total number of trips made from local
rail stations in England and Wales over a one year period, Blainey (2010) identified a
strong association between car park size at stations and ridership, by showing that the
number of parking spaces added to the set of predictor variables, increasing the R-
square of 5% in absolute-value or 13% in relative value. Rail usage was as high as nine
out of ten work trips to the downtown compared to one out of twenty trips for most

other destinations or to regional sub-centres (Cervero, 1994).

Gutiérrez et al. (2011) pointed out the importance of feeder buses to station ridership
and considered two variables to describe this: the number of urban and suburban bus
lines with stops within 200 metres of the station catchment area, and a dummy variable
of park and ride spaces. Regression revealed that both variables were statistically
significant. However, the value of the beta coefficient was too high and therefore the
data was difficult to interpret. Cervero (1994) explained that access to and from rail
stations played a role in train usage. Nine out of ten residents who reached the station
did so by walking; nearly 10 percent used park and ride within a quarter to half mile
distance from their home. At the destination station, almost 75% of workers also
walked to their destination from the station, and bus travel was used by more than 20%

of workers.

2.5 PUBLIC TRANSPORT INDUCED AGGLOMERATION
Since the 1920s, agglomeration has been recognised by economists as a general trend

for industries to reduce production costs by “physical spillovers” and to increase
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productivity by “knowledge spillovers” (Marshall, 1920). Agglomeration is defined as
the clustering of economic activities that may result from production externalities (or
“spill-overs”), transportation externalities, communication externalities, technological
externalities and pecuniary externalities (Brinkman, 2011; Fujita & Thisse, 2002)
Agglomeration arises due an economic mechanism based on the trade-off between the
various forms of increasing returns and mobility costs. Agglomeration may be seen as
the underlying mechanism for different types and scales of spatial phenomena in
regions and cities. Some examples of these phenomena are the core-periphery structure
between the Northern and Southern Hemisphere, regional disparities, the stability of
the urban hierarchy within most countries, and commercial clustering, ranging from
district to neighbourhood scale. Different types of agglomeration economies may
interact at different distance scales, with a particular requirement for spatial proximity
(Fujita & Thisse, 2002).

Agglomeration of production externalities explains why commerce may be found to
be clustered in global regions, metropolitan areas, or specifically at the neighbourhood
or district level (Brinkman, 2011). Technological externalities have been differentiated
from pecuniary externalities depending on whether or not the agglomeration was a
product of market interaction (Fujita & Thiesse, 2002). Pecuniary externalities result
from market interaction when companies, consumers, or workers are involved in trade,
mediated by the price mechanism or the market. This often emerges in the form of a
“snowball effect” when the number of agents continue to grow and benefit more from
larger diversity or either specialization. This cumulative process is a combination of

markets achieving increasing returns from monopolistic situation.

Communication externalities may be considered as part of technological externalities.
Their geographical cluster has been based on a competitive paradigm for highly
specialized, creative and scientific or industrial districts such as garment districts,
financial districts, jewellery and advertising districts. Technological externalities
emerge as a result of non-market interaction whereas the process affects the utility of

agents involved or the production function of a firm (Fujita & Thiesse, 2002).

Despite these different types of agglomeration, agglomeration has common features

and principles behind it. First, agglomeration may involve any of these four processes:
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mass production; the availability of specialized input services; the formation of highly
specialized labour forces and the production of new ideas; and the existence of modern
infrastructure. Second, the agglomeration process often results from an increasing
return to scale, indivisibilities and imperfect competition, under the competitive
paradigm. Third, there is a balance between the “centripetal force” and the “centrifugal
force” in an urban system that encourages agglomeration effects (Alonso 1964 and
Krugman 1995, as cited in Fujita & Thisse, 2002).

Transport development influences patterns of urban development and location choices
for households and firms. These major changes in land use patterns influence the
number of trips, destinations and mode choices (Waddell, Ulfarsson, Franklin, &
Lobb, 2007). Public transport infrastructure creates the effect of agglomeration
through transportation externalities. Urban economic agglomeration arise from the
transportation infrastructure since this service provides a facility for sharing and
reducing the cost per unit of production through economies of scale (Rawnsley,
Davies, Szafraniec, & Ratnam, 2014). Public transport-induced agglomeration
economies, which can also be considered to be part of technological externalities, may
be defined as the concentration of economic activities and the clustering of offices,
shops, entertainment centres, and other land uses that emerge around public
transportation stops. The benefits from this clustering are increased efficiency through
lower infrastructure costs and reduced labour costs, while more opportunities are

created for greater access to specialized labour (Weisbrod & Reno, 2009).

There are two types of transport infrastructures and their corresponding influence on
land use: namely, the “strategic” and the “structural” infrastructure. The strategic
infrastructure are the major infrastructure projects that are intended to boost urban
productivity, due to the change in overall relative accessibility and in location
decisions made by households and firms. Structural infrastructure provides the skeletal
shape of an urban area and underpins the economic adaptability of a region, for
example, by the development of major hospitals, university campuses or arterial roads
(Rawnsley et al., 2014).

Agglomeration economies created by transportation infrastructure are affected by
three features of cities: the total number of jobs; the density of jobs; and the transport
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connection that existed between those jobs. Weisbrod & Reno (2009) stated that the
most important issue in economic impact analysis of transportation is to understand
how investment leads to real changes in the economy, either for agents (firms,

employee, households) or for areas.

The conceptual benefits from transportation infrastructure translate into a form of
urban agglomeration economy through four mechanism (Rawnsley et al., 2014):
» Reduction in the cost of transport that leads to lower production costs of firms
through lower supply chain costs and higher profits and income.
* Increased productivity of firms allowed them to penetrate to larger markets.
» Higher incomes and lower prices lead to higher demands for these
goods/services.
» Improved accessibility changes demand for land in some particular areas and
leads to high-rise building (commercial and residential developments).
There is a geographical extent of agglomeration that has been seen as important for
policy decisions that attempt to include the effect of agglomeration for facilitating their
goals. In agglomeration studies, the effect of agglomeration of employment on urban
wages is dictated by the distance to workers’ place of work. For example, wages
increase by 1.5% to 2.14% for an additional 100,000 full-time workers within 5 miles
of their place of work, but fall sharply thereafter (Rosenthal & Strange in Graham &
Melo, 2010, p. 13). Di Addario and Patacchini (2008) followed Rosenthal and
Strange’s approach and estimated that an increase of 100,000 inhabitants within 4
kilometres should raise wages by 0.1-0.2%, but the increase falls sharply thereafter.
The impact of urban size on wages is found to be statistically significant only up to 12
kilometres, whereas the average radii of Italian local labour market is 14.7 kilometres
(Graham & Melo, 2010, p. 13).

In the case of effective density, as measured by real network travel time, the
geographical scope of productivity-employment accessibility effects can extend up to
60 minutes travel time, but that the magnitude of the productivity-agglomeration effect
decays very rapidly with time and is very strong within 20 minutes driving time.

Doubling the number of jobs accessible within 20 minutes of driving time leads to an
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increase in real average wages of 6.5%, while the impact for a similar increase within
20 to 30 minutes is as small as 0.5% (Melo et al., 2013).

By a similar principle, the public transport-induced agglomeration effect can explain
how public transport improvement creates a more dense and intensive development of
activities (land use) around public transport facilities. This implies that the spatial
proximity and distance decay principles may be attributable to the characteristics of
agglomeration. That is to say, the magnitude of one measurement in an area will
influence the magnitude of the same measurement in nearby areas, and that the effect

of agglomeration economies decreases with distance from the transport facilities.

2.6 LITERATURE GAPS

Major LUTI research extensively discusses the influence of land use on travel
behaviour but there is a lack of research in the reverse relationship, i.e. how
transportation systems influence land use (T-LU) (Van Acker et al., 2007). Among T-
LU literature, some studies emphasize the impact of transportation infrastructure
development on land use developments (Cervero & Landis, 1993, 1997) as part of the
need to justify investment in the transportation system. Furthermore, a more specific
aim of these studies has been to examine how public transport extension relates
property values and housing appraisal (Greenberg, 1988; Watkins, 1999). Property
valuation is often used in the calculation of value capture mechanisms in the form of
taxes (MclIntosh, Newman, Crane, & Mourtiz, 2011). Other studies fall in the category
of accessibility studies to measure the accessibility impact of transportation
infrastructure development. The accessibility variable influences house prices in terms
of location advantages (Buxton & Taylor, 2010; Cho, Poudyal, & Lambert, 2008; Du
& Mulley, 2007; Kryvobokov, 2007).

A close link has been demonstrated between planning directives (regardless the land
use) and the economy (Gongalves, Portugal, & Nassi, 2009). In fact, the two-way
interrelationship between the economy and the transportation system (Hall, 1969;
Russo & Musolino, 2012) defines how the development of transportation
infrastructure will contribute to the economic system, yet the growth of economy
activity requires additional supply via the transportation system. Lakshmanan (2011)
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pointed out three approaches in which transportation infrastructure contributed to the
economy, which had previously been discussed as part of T-LU studies. These
approaches were: a traditional cost-benefit assessment; the measurement of
externalities of transport infrastructure investment in terms of economy-wide cost
reductions and output expansions; and the analysis of the full effects of transport
infrastructure on the growth of the total factor productivity (TFP) of the economy. This
TFP often measured the effects of transport in terms of urban activity clusters resulting
from spatial agglomeration and the innovation/commercialization of new knowledge.
Nonetheless, current literature has not paid sufficient attention to understanding the

impact of transportation, land use, and economic integration on travel behaviour.

The missing component that enables the merging of the two-way relationship of
transportation and land use, and the two-way relationship between transportation and
economy, is the agglomeration effect of transportation infrastructure development,
which is also assumed to eventually influence travel behaviour. While urban activity
clusters resulting from spatial agglomeration have been commonly related to the
density concept of land use (resulting from the improvement of accessibility), how
agglomeration or effective density and density by itself are related or differentiated
from each other or how they impact on travel behaviour has not yet been explored.

In the context of train ridership prediction, there is little or no knowledge about the
application of effective density in comparison to, or complementary to, the density
concept. Variable effective density that incorporates accessibility measurements has
been assumed to carry a higher degree of spatial variation than the variable of density
alone. Changing analysis from density to effective density may reveal a larger degree
of spatial variation in model findings, and would thus provide a more flexible option

for a greater variety of land use-transport policy options.

The geographical extent of agglomeration has been an important aspect in the
literature, and related knowledge has been useful in assessing the ability of different
policy scenarios to make use the benefit of agglomeration (Melo et al., 2013).
Similarly, in LUTI studies, train ridership has often been assessed based on the fact
that ridership decays with distance from train stations. Concentration of development
near stations such as TOD produces a statistically significant increase in ridership
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(Cervero, 2006; Cervero & Duncan, 2006). Studies consistently show that transit usage
decays exponentially with distance from a station (Bernick and Cervero, as cited in
Cervero, 2006, p. 286). Aggregate studies in this thesis call for an adaptable distance
band suiting the commuting pattern between suburbs (i.e. medium distance travel) and
park-and-ride ridership to accommodate the effective density phenomena. Instead of
using fixed distance bands typical of other studies, or arbitrarily-assigned distance
bands, the interaction between suburb distance to train station and the effective density
have been applied here. This method is relevant, especially with regard to assigning
distance decay from the agglomeration source (the train station) so that this may be
modelled as a continuous rather than discrete entity.

2.7 CHAPTER SUMMARY

The contribution of this thesis is to improve the LUTI framework using a modified
SETI-LUTI framework. This framework considers the effect of public transport-
induced agglomeration to influence the two-way LUTI relationship. The interaction
between land use, transport, and spatial-economic factors may be explained with three

interrelated concepts:

a. Transportation infrastructure influences land use: transport investment, such
as train station construction, influences accessibility by public transport and

the level of density and effective density.

b. Transport-induced agglomeration effects: the transport-land use relationship
influences urban productivity such as land rents or property values, the income

of workers, and the wages of employees (employed non-resident).

c. Land use influences travel behaviour: the relationship between transport-
induced agglomeration effects may be viewed with respect to the role of

agglomeration in increased train ridership.

This thesis attempts to fill the research gap in the literature by understanding how
public transport-induced agglomeration influences the level of train ridership. It is
assumed that there is an interaction between the two sides: the public transport
facilities and the economy. Increases in urban productivity by transport facilities can

reinforce transport usage, such as train ridership. This study will not measure the wider
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economic impacts of agglomeration economies for businesses, but will be limited to
its impact on employees (employed residents and job numbers) in terms of effective
density. These effective density influences are assumed to facilitate the effective use
of trains as a mode of travel to work and will be modelled endogenously. Chapter 3
provides detailed explanations of the proposed research framework where a train
ridership model will incorporate the parameters of public transport induced
agglomeration.
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CHAPTER 3. RESEARCH METHODOLOGY

3.1 INTRODUCTION

Spatial economic impacts of the transportation system have been discussed in other
research fields such as in agglomeration studies, within the domain of urban
economics. However, there has not been much research dedicated to studying the
influence of agglomeration on travel behaviour responses, such as train ridership. This
thesis proposes a model to understand the impact of public transportation development,
such as railway line extension, on train ridership responses, through induced

agglomeration in terms of effective density.

The hypothetical reasoning for this thesis is discussed in section 3.2. The attributes of
the proposed study framework are then discussed in section 3.3. Methods to test these
hypotheses are developed in section 3.4. Furthermore, causality relationships are
proposed as a function of sets of independent variables (all component of land use,
transportation  system or accessibility, spatial economic, and socio
demographic/economic) on the dependent variable (train ridership) in sections 3.5 to
3.7. This thesis uses two data structures: the first is based on an aggregate dataset
defined at the suburb administrative level; and the second is the derivation of a fishnet

data structure for a more detailed measurement of some variables, which is explained
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in section 3.8. Descriptions of the study area, the determination of industry sectors,
data, sources and software requirements are described in sections 3.9 to 3.12.

3.2 RESEARCH HYPOTHESISES

Train ridership prediction is a specific task in travel behaviour modelling. Standard
urban travel demand modelling has shown that socio-demographic factors and land
use factors largely influence demand (Ferguson, 2000). For example, the densification
and intensification of land use and population, measured by various indicators, have

been shown to influence travel demand (Chatman, 2008).

The literature gaps identified in chapter 2 suggest that there are spatial economic
effects central to the densification concept that has been rarely accounted for in the
modelling of travel behaviour, including the case of train ridership prediction. A study
performed by Graham and Melo (2010) is one rare example of study in this area. This
spatial economic effect has been termed “effective densities induced through transport
investment” (Graham, 2007, p. 337). Improvement of transport infrastructure is
believed to induce more development around this infrastructure (Blainey, 2010). These
densification-agglomeration snowball effects need to be considered in the modelling
of travel behaviour, whereas current literature on agglomeration studies have been
more focuses on their impact on urban economics or urban productivity. Ignoring this
phenomenon potentially leads to a bias toward underestimation of train ridership, since
these agglomeration effects potentially act as exogenous factors that may contribute to
the magnitude of errors (unobserved factors) in the modelling. This thesis therefore
attempts to propose a modified SETI-LUTI framework to model the rail demand. The
aim of the proposed model has been to accommodate the dimension of public transport
induced agglomeration in train ridership prediction and to determine the extent that

this factor influences the level of train ridership.

The first research hypothesis has been derived to propose a link between transportation
infrastructure development and agglomeration, referred to as public transport induced
agglomeration. That is, “the intermediate stage which attempts to understand the
relationship between transport accessibility and sources of agglomeration” (Graham

& Melo, 2010, p. 19). Thus, the research hypothesis proposes an underlying reasoning
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for the evidence of public transport induced agglomeration by assuming a distance
decay and concentration pattern of agglomeration according to the distance from train
stations.

The public transport induced agglomeration concept was initiated by Venables (2004)
and further developed by Graham (2007). The study of Venables (2004) highlighted
the relationship between dense spatial units and the clustering of economic activity
with an increase in productivity. This concept was explained in the following figure
3.1. Venables' original concept explained the relationship between wages, travel costs,
and land rent or housing costs and its impacts on city size. The Y axis plotted unit costs
or unit benefits. Unit costs and benefits could be represented as wage level, commuting
costs, and/or land rents. The X axis plotted the number of workers and also represented
the distance from the zero point (the CBD or centre) to other locations at increasing
distance from the CBD.

=
[
Q
C
Q
o]
3
S .
o |W-w
= .
> Wage gap
= (]
5 £
€
=
S
%
O
00 (W]
£
s o
g3
= (@)
(@]
© |
0 X, Distance to CBD
CBD Number of workers

Figure 3.1 Urban equilibrium: agglomeration economies from transport infrastructure
(Venables, 2004, p. 19)
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Figure 3.1 represented the trade-off between land rent or housing costs and commuting
costs as: “workers located closer to the CBD face lower commuting costs but higher
rents, as given by the distance between the horizontal line (W-w) and the commuting
cost curve” (Venables, 2004, p. 9). There was a balance in the trade-off between land
rents and commuting costs, where the increase in commuting costs by moving along
the X axis was off-set exactly by the same amount of the decrease in land rent. Thus,
there was a rent gradient, with a converse commuting cost gradients. “The size of the
city was determined at the point X, where the wage gap was equal to the travel costs
of the most distant city worker. At point X no further workers want to be employed in
the city” (Venables, 2004, p. 9). Apparently, to be able to work at the CBD, workers
lived at point X need to gain a premium wage which was not in evidence in reality.
Nevertheless, the equilibrium condition required the wage gap between locations to be
almost invariant, and thus workers were indifferent between living in the city or non-

city locations.
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Figure 3.2 Net gain from transport improvement with endogenous productivity
(Venables, 2004, p. 19)
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Further, figure 3.2 described how an endogenous productivity effect could be added to
the framework. In Venables’ model formulation, transport improvement was modelled
as a reduction in commuting costs, which derived a further effect on the real income.
As workers were able to save more money (a conversion from travel costs savings)
workers could afford to live closer to the centre. Transportation externalities created
therefore increased urban productivity, which in turn increased the city size. The
agglomeration benefits, represented as the ‘convex wage-gap curve’ instead of
‘constant curve’ in figure 3.1, would bring two consequences: “First, the change in
city size from the transport improvement is larger. Second, the higher productivity of
existing city workers raises real income by area & or an induced productivity gain.

The real income gain now is a + § + §” (Venables, 2004, p. 10).

The indirect productivity in terms of the incomes of workers and land rents was derived
from the “urban equilibrium’ concept. The classical urban economics theory, as stated
by Alonso 1964 (re-explored in Fujita and Thiesse 2002, as cited in Venables (2004))
stated that urban equilibrium was achieved if: “the city expands up to the point at
which these are high enough that a worker is indifferent between locating at the edge
of the city and commuting to the CBD, or living (and working) in a non-city
location”(Venables, 2004, pp. 3-4).

This thesis adapts the Venables model by following Graham’s interpretation of the
model. Graham (2007) used Venables’ framework to further calculate the
agglomeration magnitude of employment in terms of accessibility or opportunity. The
income gain from transport improvement (o) was regarded by Graham as a type of
measure of the elasticity of urban productivity with respect to the city size. Therefore,
Graham interpreted agglomeration as defined in Venables, to be quantified from
elasticities of urban productivity with respect to some measures of urban density.
Graham assumed that transport investment may or may not increase densities or
increase the city size. The measure of density argued by Graham incorporated an
implicit transport dimension in terms of travel distance. Graham, after Venables,
modelled agglomeration economies using a measure that incorporates both proximity
(accessibility) and the scale of economic activity (the size of employment), what so
called as the effective density (Graham, 2007; Venables, 2004). The total effective
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density of employment defined in Graham is a measurement of agglomeration. In this
thesis, adjustment of the transport dimension was made by changes to or replacement
of the travel distance with the travel time (further shown in equation 5.1 of chapter 5),
which is a more explicit measurement of accessibility (Graham & Melo, 2010). The
formula in Graham (2007, p. 327) was specified as follows:

= L i#j Ej -
ED;,, = \/W-I_Zj tas Equation 3.1

Where:

ED;,, = the employment density of ward i for industry in sector m.
E; = the number of employment of ward i

A; = the land area of ward i

E; = the number of employment of ward j

td;; = the travel distance between ward i and ward j, weighted by the distance decay

parameter a.

The important concept in Venables and Graham that is adapted in this thesis was the
introduction of effective density concept. As pointed out by Venables (2004), there
were two mechanisms by which transport infrastructure may affect productivity. First,
transport infrastructure improved links between firms that in turn raised the effective
density of the cluster (jobs or employed residents). Second, transport infrastructure
relaxed constraints on access to the centre, where this increased the overall city
employment. The agglomeration externalities were related to these two mechanisms.
Failures to include these effects in a transport appraisal were considered to undervalue

the benefits of transport.

Hensher et al. (2012) pointed out that the effective employment density may be defined
not only in the terms of the actual (physical) number of employment in various
locations, but also in terms of their relative positions with respect to a particular
reference point (for example the central city or CBD). Even without any changes in
the employment numbers, improvement in a transport system can impact the effective

employment density once travel times are used to indicate the relative positions of
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these employment numbers with respect to the reference point. This thesis assumed
that when public transport agglomeration is a function of an improvement in travel
time due to railway line extension, a train station can be viewed as a reference point.
A reference point in Venables’ concept is regarded as a CBD, while in the context of
public transport agglomeration applied in this thesis, it is a station. This is because
overall travel times change due to the presence of train stations in the system following

the railway line extension and the development of new stations.

Figure 3.2 attempts to explain the difference in wage levels (‘a convex wage gap’) as
a cause for the distance decay pattern of agglomeration from a location closer to the
reference point such as the CBD.

Figure 3.3 explains an adaptation by this thesis of the Venables and Graham
framework on the transport induced agglomeration. First of all, this thesis makes an
adaptation by assuming the centre point location 0 in figure 3.2 is not a CBD, but a
train station. The edge of the city (point X) is then interpreted as the boundary of the
catchment of the train station (see section 4.1.2.15 in chapter 4 for determination of
the edge or the size of a catchment area). The Y axis then also represents the magnitude
of agglomeration that also represented the potential of travel demand, where its value
would peak at the zero location (station precinct). Note that the location a is added to
the graph in order to better illustrate the distance decay pattern. New (improved) travel
times that reduced travel costs would be translated into real income (Venables, 2004),
thus increasing the affordability of longer commuting, increasing the distance from the
edge to the centre, and increasing the number of workers or level of employment,
which therefore may expand the catchment radius. In addition, improved services and
infrastructure of public transport would increase the attractiveness of public transport.
More workers may be willing to travel longer distances to use train services. Therefore,

the catchment area of the train station would be larger.

This thesis attempts to apply the trade-off concept, specifically in terms of how the
trade-off mechanism explains rail demand in terms of the size of potential demand or
effective density. In this case, the trade-off is between housing costs and transport costs
as a function of distance to the train station, instead of distance to the city centre or
CBD. It is assumed that the railway extension would improve accessibility levels,
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leading to greater travel time savings. Jobs would be concentrated near stations and
the value captured would increase land rents in this area. The premium on wages, land
rents, and effective density from travel time saving would follow a distance decay,
with similar patterns among each other. When jobs are assumed to be located in the
centre (near stations), through the optimization process, the density distribution for
housing around the centre would be expected to decline, in turn affecting the total
amount of commuting (Cervero, Round, Goldman, & Wu, 1995). This trade-off
process would eventually lead to the distribution pattern of job numbers and residential
numbers. The travel time saving due to transport cost reduction would be converted
directly to income. People living near the edge of the catchment would need to receive
higher wages in order to afford commuting to the centre. As they are able to save
enough money to afford longer commuting trips, the catchment area would be
extended, the employed resident and job numbers increased, thus creating higher
potential travel demand for train ridership (figure 3.3).
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Figure 3.3 Adaptation of the Venables’s framework (2004) to public transport
induced agglomeration.

Evidence on the presence of the trade-off mechanism are provided in the literature,
such as how the trade-off between housing costs and transport costs may affect urban
sizes. Workers are willing to commute only to the extent that its costs are offset by
lower housing costs. So (2001) explained that, holding housing prices fixed, increasing
commuting time required wage increases in the metropolitan market of between 7.7%
to 13%. Rosenthal and Strange (2004) found that a 10% increase in commuting time
lowered the non-metropolitan population by 1.1%. An increase in 100,000 residences
within 4 kilometres of employment centres also raised wages by 0.1-0.2%.

The adaptation of Venables (2004) and Graham (2007) made in this thesis, such as this
thesis assumes these reference points to be train stations and that the decay pattern
would emerge between stations and locations farther away. This new assumption leads
to the first research hypothesis for the basis of understanding public transport
induced agglomeration: The first hypothesis states that there is a distance decay and
concentration pattern (clustering effect) of agglomeration according to the distance
from train stations. The closer a location is to a train station, the higher the
concentration of agglomeration, and the further a location is from a train station, the
lower the agglomeration. Improved accessibility relates to a lower value (less
negative) of the distance decay parameter of agglomeration. A less-negative distance
decay parameter will be associated with higher agglomeration values and a higher
chance of train ridership, following Graham’s (2007) assertion that there is a direct
association between the level of location accessibility of and the level of potential of

transit demand.

Public transport induced agglomeration in terms of effective density will only be
demonstrated if the spatial interaction or travel demand increases or decreases in
response to changes in travel times. Graham and Melo (2010) provided evidence on
the travel time decay of business trips and commuting trips to infer potential effects of
new transport infrastructure (such as an extension of public transport facilities) and to
ultimately determine the size of agglomeration benefits. The change in the effective

density resulting from a reduction in travel time (through an increase in the average
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speed after a transport investment was incorporated via a decreased distance decay
gradient. Thus, the improvement in travel times reduced the spatial impedance and
other obstacles to travel. The level of spatial interaction that was determined by this
decay parameter was also assumed to apply in relation to public transport induced

agglomeration, i.e. the decay parameter was revised after a transport intervention.

The second research hypothesis developed in this thesis relates to the concept of
agglomeration-induced train ridership. This thesis seeks to establish reasoning that
links transportation system development to agglomeration and travel behaviour (train

ridership) following from the first hypothesis.

Graham and Melo (2010) suggested that investigation of the changes in trip patterns
may indicate the existence of public transport induced agglomeration. New
development of transport infrastructure was proposed to increase spatial interactions
(such as railway trips) and these spatial interactions would become more efficient due
to travel time savings following the development, thus increasing urban productivity.
Therefore, Graham and Melo (2010) estimated the time decay gradient of commuting
trips, segregated by trip purpose. These time-decay gradients that connect firms and
workers may be used to infer the potential effects of transport investment. Using
empirical estimates, they provide indications of the potential magnitude of
agglomeration benefits of a transport project, such as high speed rail. In this thesis, a
similar approach to the estimation of the time decay of agglomeration from spatial
interactions is used. However, the resultant effect of the estimated decay gradient on
effective density was used as a predictor of train trip production and train trip
attraction. Thus, this thesis assumes that public transport induced agglomeration would
facilitate greater ridership, where after a few years following railway expansion, it is
assumed that intensive economic growth around train stations would induce a higher

demand for train ridership.

In the context of this thesis (the railway line extension), effective density as a form of
public transport induced agglomeration is assumed to influence train ridership. The
agglomeration mechanism implies that locations of clusters of employment are more
attractive since they offer better accessibility to other jobs or employed residents once
the transportation system has changed or improved (AHURI, 2006). In this sense, the
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spatial concentration of economic activity creates positive externalities via
agglomeration economies. Transport improvement induces or results in agglomeration

or spatial concentration of economic activity.

This thesis therefore derives a second hypothesis based on the assumption that higher
agglomeration is associated with spatial concentration of economic activity, which
means higher density and scale of activity and geographical proximity to activity. Both
factors (scale and accessibility/proximity) are assumed to directly influence travel
behaviour. Transportation development (such as infrastructure) influences urban
patterns and locations (Waddell et al., 2007), and urban patterns affect the available
choice of transportation in turn (Hall, 1969). Therefore, agglomeration or effective
density or employment accessibility may be regarded as one determinant of train
ridership. Based on equation 3.1, lower travel impedance (by public transport) between
places associated with higher zonal accessibility (by public transport) may be
translated into higher willingness to travel (by public transport). The original concept
of Venables (2004) and Graham (2007) on the trade-off between housing costs and
transport costs, based on the level of wages, is used to explain the size of urban areas,

hence indirectly referring to the size of the population and the potential travel demand.

This thesis models train ridership prediction based on the second research hypothesis
named as the agglomeration induced train ridership: There is a strong influence of
employed resident numbers and job numbers (the scale or size of activities) on train
ridership. The higher the number of employed residents or jobs, such as measured by
density, the higher the chance that train ridership will be generated or attracted in a
location (the LUTI model). In terms of agglomeration (SETI-LUTI model), the number
of employed residents and jobs are defined not only by the scale or size of activity but
also in terms of accessibility or as effective employed resident density or as effective
job density. Therefore, the higher the effective employed resident density and effective
job density, the greater degree of train ridership will be generated from residential
areas (place of residence model) or attracted into workplace areas (place of work

mode).

This thesis assumes that public transport induced agglomeration determines the spatial
concentration of employed residents and the spatial concentration of jobs. Different
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locations around a station should experience different levels of spatial concentration
due to a distance decay agglomeration pattern measured away from stations
(hypothesis 1). The third research hypothesis relates to the influence of distance of
a location from train stations, referred to as the “geographical extent of
agglomeration”. The distance from train stations should influence the strength of
influence of agglomeration on train ridership in different ways. Following the second
research hypothesis, the influence of agglomeration is tested in two different models,
the train trip attraction (place of work) and the train trip production model (place of
residence). Thus, the distance of employed residents to boarding stations and the
distance of jobs to alighting stations have been developed as separate variables that are
assumed to influence agglomeration induced ridership. The third research
hypothesis states that a greater distance of employed residents from boarding stations
and of jobs from alighting stations results in a lesser influence on agglomeration
induced train ridership.

This thesis assumes that stations at places of work (alighting stations) have different
characteristics to stations at places of residence (boarding stations), for example, in the
difference in their potential to generate agglomeration and train ridership level.
Alighting stations are mostly located at the city centre, where the catalyst function of
the station to integrate with adjacent activities may be explained by the centrality of
its location (Gongalves et al., 2009). This thesis tests the idea that suburbs near
alighting stations would have higher numbers of jobs and public facilities. Indicators
which compare the level of jobs to the level of residential activities are a measurement
of  self-containment/sufficiency  characteristics.  Self-containment/sufficiency
represents the tendency of people to live or work in the same area or different areas,
and thus determines the level of overall travel demand (Cervero & Duncan, 2006). The
self-containment/sufficiency concept may also be measured using indicators of the
job-housing balance, which is part of the spatial structure measurement.

Thus, the fourth research hypothesis, which is based on the concept of job-housing
balance, states that: If the number of employed residents and jobs in a location is
balanced, there is more chance that people will work and live in the same (suburb)

area. The more balanced the ratio of job to employed residents is (for example,
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between 0.75 — 1.5), the lower the number of spatial interactions (trip numbers) are
between residential and workplace suburbs. The higher the ratio is (jobs are much
higher than employed residents), the greater is the level of trip attraction to workplace
suburbs. The lower the ratio is (employed residents are much higher than jobs), the

greater is the level of trip production from residential suburbs.

3.3 THE PROPOSED RESEARCH FRAMEWORK

This thesis develops a theoretical framework to understand the underlying relationship
between land use and transport when the spatial economic dimensions are incorporated
into the LUTI framework. Many efforts towards this integration process have been
made in the last decades (Russo & Musolino, 2012). Mainstream studies developing
the SETI framework have focused on the economic impact of new or improved
transportation supply systems. These were motivated by the continuous pressure to
reduce public expenditure on public transport infrastructure - significant spending on
public transport investment needs to be justified (Miyagi, as cited in Russo &
Musolino, 2012, p. 190). Studies on the value capture of transportation, agglomeration
economies and the transportation “spatial spill-over” were incorporated into one
component of the SETI system in order to assess the wider economic impact of
transportation (Russo & Musolino, 2012). However, many of these studies examine
the economic effects of transportation as feedback to the financial system of public

transport expenditure, not train ridership itself.

The broader idea of an integrated framework between the two-way relationship
between spatial economic and transport systems at both the national and urban scales
has been developed by Russo and Musolino (2012), who proposed the unifying of
‘SETI” or ‘Spatial Economic Transport Interaction’ (figure 3.4). The attempts to
understand the link between transport and economic growth had been made possible
by identifying the multiple causal mechanisms between the two. These consist of
market expansion, gains from trade, technological shifts, processes of spatial
agglomeration and processes of innovation and commercialization of new knowledge
in urban clusters that were encouraged by transport improvement (Lakshmanan, 2011).
This thesis adds agglomeration into the LUTI framework and terms this the modified
SETI-LUTI model.
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Figure 3.4 SETI models: urban and national specifications (Russo & Musolino, 2012,
p. 191)

The link between transport and urban growth is two-way: transportation at any point
in time will affect subsequent urban growth, and the urban pattern affects the available
choice of transportation in turn (Hall, 1969). The addition of the spatial economic
dimension is proposed in this thesis as a tool for bridging the connectivity between the

impacts of transportation development on land use and land use on travel behaviour.

Specifically, this thesis follows the concept of travel time saving to explain the
interrelationship between transportation-land use-spatial economic and travel
behaviour. The process of how travel time savings emerge following public transport
extensions has been explained by two mechanisms (Cervero & Kang, 2011). First,
improved access increases the service quality of public transport and reduces travel
time. There would be a form of travel time saving due to this time reduction. This then
triggers land use changes, i.e. the increased demand for residential housing and other
activities along the area of improved public transport services. These increasing
demands lead to more intensive activities. Then, these intensifications are translated
into higher real estate prices by market mechanisms. Second, there would be value
captured in the form of benefits assessments; the improved access would create
benefits for commercial sectors around the transport facilities. Therefore, the benefits
may be calculated as the amount of taxes paid by commercial sectors. These tax
income increases would create pressures on the market to build with a higher density

along the service corridors, creating job opportunities.

In relation to the train ridership model, density will be compared/combined with

effective density. A direct association has been shown between accessibility levels of
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a location and the magnitude of potential for transit demand (Graham, 2007).
Therefore, if the economic benefits of transport are to translate into effective density,
one can examine the effect of job supply or the number of employed residents in an

area on the potential for train ridership.

The emphasis of this thesis is to examine in more detail one of sub-components within
the SETI framework (i.e. the LUTI) as proposed by Russo and Musolino (2012).
Figure 3.6 shows the specific contribution of public induced agglomeration in train
ridership modelling based on the SETI-LUTI model. Comparing figure 3.5 to figure
3.6 demonstrates the modification that the SETI-LUTI applies to the LUTI model.
There are several factors relevant to agglomeration that may be used to extend the
LUTI model (Figure 3.6). These consist of (1) the component of public transport
induced agglomeration, such as the existence of distance decay patterns from stations,
measured by the clustering effects and the decay effects. Distance decay and clustering
are then assumed to be relevant spatial factors when agglomeration emerges as part of
railway line and station development. (2) the component of agglomeration induced
train ridership, where agglomeration is defined as effective density consisting of a
scale and proximity sufficient to influence the level of travel demand. Land use density
(based on the LUT]I concept) is expressed as the effective density in the SETI-LUTI
extension model. Transportation development and the accessibility concept (based on
LUTI) is expressed as a distance proximity in the SETI-LUTI extension. Also included
are components of urban productivity (indirect or partial) in terms of land rent and
wages, and the agglomeration magnitude itself, in terms of effective employed resident
density and effective job density. These are modelled assuming the trade-off

mechanism (as discussed in section 3.2).

The LUTI model is a subset of the framework of the SETI model as pointed out by
Russo and Musolino (2012). All components that are involved in the framework the
LUTI model can also be included in the framework of the SETI-LUTI model.
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Figure 3.5 LUTI framework in modelling train ridership
The variables derived from this proposed SETI-LUTI framework which have been
regressed on the model of train ridership consist of:

(a) Effective employed resident density, as an extended measurement to employed

resident density in the LUTI model.

(b) Effective job density, as an extended measurement to job density in the LUTI
model.

(c) Clustering as a spatial attribute of agglomeration in the SETI-LUTI model.

(d) Distance decay pattern of agglomeration, as a spatial attribute of agglomeration
in the SETI-LUTI model.

(e) Job-housing balance measures the self-containment/sufficiency to indicate (1) if a
suburb is more of a residential or workplace area; (2) if a station corresponding to
that suburb is more of an origin (boarding) station or a destination (alighting)
station (3) whether the level of spatial interaction from/to that suburbs will be
high or low.
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Figure 3.6 The LUTI-SETI framework in modelling train ridership
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Knowing this information, such as the dominant activities (residential or non-

residential), in what sector, at what scale and where, would be expected to inform the

most important factors controlling the pattern of transportation within a city region

(Hall, 1969).

3.4 METHOD OF ANALYSIS AND RESEARCH STAGES
The previous sections described the characteristics of the proposed SETI-LUTI

framework and research hypotheses based on the available theoretical concepts about

public transport induced agglomeration and its modification for this thesis. This

section discusses the method of analysis and research stages that have been conducted

in order to examine each of the research hypotheses. The overall research methodology

framework is presented in figure 3.7.

The following table summarises the methods of analysis.

Table 3.1 The methods of analysis and research stages based on research hypotheses

\[o} Research hypothesis
1. Hypothesis 1:

There is a distance decay and
concentration pattern (clustering effect)
of agglomeration according to distance
from train stations. The closer a location
is to a train station, the greater is the
concentration of agglomeration, and the
further a location is from a train station
the lesser the agglomeration, hence
creating a distance decay pattern of
agglomeration. Improved accessibility
relates to a lower value (less negative) of
the distance decay parameter of
agglomeration. A less-negative (low
value) distance decay parameter will be
associated with higher agglomeration
values and a higher chance of train
ridership.

Research Stages and Method

Provides analysis to determine if public transport
induced agglomeration exists and varies among
different sectors.

Stages:

Measure the association between the changes in
travel time before-and-after the Perth-Mandurah
railway line extension. Measure the changes in
effective density and the level of train ridership
production using correlation analysis and
compare them between different railway lines
using descriptive statistics.

Measure any clustering phenomena using Getis-
Ord G*

Model the spatial distance decay pattern of
agglomeration by building a fishnet dataset (grid
cells) and measure the average value of effective
density based on a 1 km ring buffer from the
fishnet dataset. The curve fitting by exponential
distance decay model calculated based on
probability density function to show the rate of
decay.
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2. Hypothesis 2:

There is a strong influence of employed
resident numbers and job numbers (the
scale or size of activities) on train
ridership. The higher the number of
employed residents or jobs, as measured
by density, the higher the chance that
train ridership will be generated or
attracted in a location (the LUTI model).
In terms of agglomeration, (SETI-LUTI
model), the number of employed
residents and jobs are defined not only
by the scale or size of activity but also in
terms of accessibility or as effective
employed resident density or effective job
density. Therefore, the hypothesis states
that the higher the effective employed
resident density and effective job density,
the higher level of train ridership will be
generated from residential areas (place
of residence model) or attracted into
workplace areas (place of work model)

Multiple regression of train ridership prediction
by comparing the model with and without
agglomeration.

Stages:

Provide analysis to determine if public transport
induced agglomeration exists and varies among
different sectors (Stage 1).

Specify the distance decay parameter of
agglomeration by estimating the travel impedance
parameter in the gravity model.

Measure the magnitude of effective density.

Model train ridership with effective density as
one of the explanatory variables in the regression
model.

Compare the models developed, based on both the
LUTI and the SETI-LUTI framework.

3. Hypothesis 3:

Greater distance of employed residents
from boarding stations and of jobs from
alighting stations results in a lesser
influence on agglomeration induced
train ridership.

Multiple regression of train ridership prediction
by accommodating the interaction variable
between the magnitude of effective density and
distance between suburb and train station.

Stages:

Construct grid cells dataset in a form of a fishnet
by dividing suburbs into a uniform size of n
number of grid cells (fishnets) of 1 km times 1 km
size.

Measure the Euclidian distance from the centroid
of each fishnet to the nearest train station’s
centroid.

Calculate the average distance of each suburb by
averaging distance across all n fishnets for each
suburb based on two types of distances: from the
residential suburbs to the nearest boarding
stations; and from the workplace suburbs to the
nearest alighting stations.

Establish a continuous variable of the interaction
term between the average distance of suburbs
from their nearest train station and the magnitude
of effective density.

Regress the train ridership variable on this
variable in a model of train ridership prediction.
Determine from the model the threshold distance
from stations beyond which the change in
effective density will no longer influence the level
of train ridership
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4.

Hypothesis 4: Comparing the model of train ridership

If the number of employed residents and jobs production and train ridership attraction.

in a location is balanced, there is more Investigate the policy implications from model
chance that people will work and live in the results.

same (suburb) area. The more balanced the

ratio of job to employed residents is (for Stages:

example, between 0.75 - 1.5, the lower the  Eyamine the differences in factors influencing
number of spatial interactions (trip numbers)  yigership based on train ridership production

are between residential and workplace model and train ridership attraction model.
suburbs. The higher the ratio is (jobs are

much higher than employed residents), the Apply the job-housing balance principle to

greater is the level of trip attraction to understand the extent of each of the factors
workplace suburbs. The lower the ratio is (especially socio-demographic and land use
(employed residents are much higher than variables) in influencing train ridership.

jobs), the greater is the level of trip

production from residential suburbs. Apply the job-housing balance principle to

understand the trade-off between wages and
housing costs/travel costs.

Build an equation to explain the trade-off
mechanism, calculate a travel time saving, and
explain why effective density may eventually
influence train ridership in three suburbs
categories (job-housing balance, job-rich suburbs,
employed resident-rich suburbs) based on these
trade-off perspectives.

These methods of analysis have been implemented in sequential research stages. The

following research stages were conducted:

1.

Data preparation (refer to Chapter 4).

This stage involved three processes: First, data cleaning and data transformation
to fit the data into the model. Second, data aggregation and conversion in relation
to preparing the complete data set so that all data have consistent geographical
boundary levels between difference data sources. Third, identification of the
economic sector that contributes most to the economy, thus, may generate the
highest potential demand for train ridership.

Analysis I: Investigating public transport induced agglomeration (refer to Chapter
5).

This stage aims to determine if public transport agglomeration exists and if it varies
by industry sector. There are three types of analysis conducted to support the

hypothesis of public transport induced agglomeration: (1). Estimate the spatial
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decay (based on travel time) of agglomeration based on each sector by modelling
spatial interaction (the gravity model) where the rate in the flow of people between
locations is assumed to influence the rate in which the scope of agglomeration
decreases with the increase of travel time between suburbs.

(2). Calculate the magnitude of agglomeration of the effective job and employed
resident density in each sector.

(3). Investigate the association between the changes in travel time before and after
the Perth-Mandurah railway line extension and the changes in effective density and
in train ridership production. Compare these changes between different railway
lines.

(4). Investigate any clustering phenomena of agglomeration by Getis-Ord G*, in
particular to determine if agglomeration hot spots may be found near train stations.
(5). Investigate the distance decay pattern of agglomeration by curve fitting of
exponential distance decay to the average effective density values from all fishnets
based on probability density function within each 1 km ring distance, up to 16 km
rings (as defined for the overall catchment area-determination of the size of 16 km
radius of catchment may refer to section 4.1.2.15 in Chapter 4).

3. Analysis Il: Use regression analysis to understand how agglomeration varies by
sector and their influence on train ridership, based on train ridership production
and train ridership attraction. Establish the regressions for both the LUTI and the
SETI-LUTI framework (refer to Chapter 6). Regression analysis has been used to
examine the strength of relationship between the explanatory variables for train
ridership. The agglomeration influence on ridership may be discussed by
comparing models including and without agglomeration, and by comparing
models based on the elasticity of agglomeration between sectors on train ridership.

4. Analysis I1I: Establish a regression analysis that accommodates the interaction
term between distance of suburbs from stations and the magnitude of effective
density, in order to understand the influence of station as the reference point of
agglomeration on train ridership. Regression including the interaction term

includes the effect of distance within the influence of effective density on train
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ridership, thus providing information on the effects of geographical extent of

agglomeration on train ridership (Chapter 7).

Research Methodology : Understanding the influence of public transport induced agglomeration effect on train ridership
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Figure 3.7 Research methodology framework
5. Investigate policy implications from the model results (refer to chapter 8). First,
time decay parameters that may explain the effect of agglomeration on train
ridership from different sectors have been interpreted. Second, application of the
geographical extent of agglomeration has been interpreted, especially as applied in
a TOD policy context. Third, the trade-off mechanism between wages and travel
costs/housing costs have been examined, in order to identify the impact of travel
time savings on the effective density premium, and its influence on train ridership.
Methods used in this analysis comprised the use of probability density functions
for curve-fitting of the trade-off relationship; the wage equations to model the
relationship between wages and travel time; and the calculation of wage, land rent,

and effective density premiums as a result of the trade-off.

3.5 DETERMINATION OF MODEL PREDICTIONS

In terms of model prediction, (Handy, 1996) categorized three main groups of
approaches (among others) to how the integration between urban form and travel
behaviour may be explained: simulation studies, aggregate analyses, and disaggregate

analyses.

Simulation studies, according to Handy, consist of techniques such as transport
planning models and Lowry models. These models usually require an urban form
component, such as the distribution of residential activities and employment, and a
transport component, such as the structure of the transport network or travel patterns.
One example application for simulation models was to predict and compare total travel
between a typical suburban neighbourhood and the hypothetical “neo-traditional”
neighbourhood.

Aggregate studies usually utilize aggregate measures for cities, neighbourhoods, or
zones. These analyses provide a general understanding of the relationship between
travel behaviour and urban form. Some techniques used in this type of study are, for
example, multivariate regression, simple correlation, principal component analysis,
and non-linear equations (Cervero, Murphy, Ferrel, Goguts, & Tsai, 2004).

Applications of this type of study may be, for example, those which use aggregate
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measures to test the strength of statistical relationships between travel behaviour and
urban form. Another example is to analyse the “compact city” policy, concerning the

relationship between energy use and density (Holden, 2007).

Disaggregate studies involve data and analysis on the scale of individuals or
households. They may use household/individual socio economic and and travel
characteristics rather than city-level averages. For example, they may examine
differences in travel choices of individuals between neighbourhoods and the relative

importance of a variety of urban forms for those travel choices.

This thesis used the aggregate approach for train ridership prediction. Similar to the
majority of aggregate studies (Gutiérrez et al., 2011; Holden, 2007; Taylor et al.,
2009), multiple regression was used to predict outcomes based on multiple predictors.
Regression analysis has been differentiated from correlation analysis, as regression is
performed with the purpose of not only examining the existence of relationships (as in
simple correlation), but also to examine the causality in relationships between two or
more variables. Further, regression may also be used to estimate the value of one
variable based on the other variable when these variables have been identified to have

a high linear correlation coefficient (Evans et al., 2007, p. 33).

3.6 DETERMINATION OF DEPENDENT VARIABLE
There are two alternative dependent variables, which have often been used in train

ridership prediction:
Y = the absolute-number of daily train trip attractions or train trip productions

Y = the ratio or proportion of daily train trips out of total trip attraction (place of work

model) or total employed residents (place of residence model)*.

! The regression models had been conducted for all alternatives of dependent variables, including (1)
Place of work dataset: (1.1) .the ratio of daily total train trip attraction per total trips attraction;
(1.2). the ratio of daily total trip attraction per total jobs; (2). Place of residence dataset: (2.1). the
ratio of daily total train trip production per total trips production; (2.2). The ratio of daily total trip
production per total employed residents. Results showed the model (1.1) and model (2.2) gave the
best results in terms of the possibility to compare between the LUTI and SETI-LUTI model.
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The advantages and disadvantages of the first and second variables for the modelling
are shown in table 3.2.

Table 3.2 Comparison of strengths and weaknesses for alternative dependent
variables (after Taplin, 2016)

Alternative dependent Advantage Disadvantage

variable
Absolute-number: the number The interpretation of the model is  Potential for ecological
of daily train trips straightforward. fallacy
Potential for generating
heteroscedasticity
Dependent variable is not
normally distributed.

Proportionate number: the ratio  Avoids ecological fallacy The model interpretation is
of the number of daily train (eliminates bias from the degree not straightforward.

trips to total workers or total of employment or total trip

jobs or total trips numbers)

Variable is normally distributed.

This thesis has attempted to model with both alternatives for the dependent variable.
Examples outcomes of the model are presented in the appendix of chapter 3. The
decision was made to use the proportion of train ridership per total employed resident
for residential data and the proportion of train ridership per total trip attraction for
workplace data. This was found to be necessary to avoid large heteroscedasticity in the
model and to obtain a full comparison between the LUTI and the SETI models, which
required both land use density and its interaction term, or effective density and its
interaction term, to be statistically significant and defined in the model.

Model variants that used the absolute-value of y resulted in much a higher variance (as
indicated by the coefficient of determination) than variants with the proportional value
of y. Furthermore, absolute-values appeared to be influenced by the variable of worker
size to a large extent. For example, by removing the number of worker variable from
the model with absolute y values, variance (as indicated by the coefficient of

determination) was dropped by 30% (see appendix 2).

Furthermore, a log natural transformation of the dependent variable was performed to
avoid the heteroscedasticity problem. Based on the requirement to fulfil this regression

assumption (homogeneity), the results suggested that the best model was a log
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transformation of the proportional number of train ridership as its dependent variable.
The natural log of proportion of train ridership was regarded to be free from the bias

of worker or employment size and from the heteroscedasticity effect.

Using both the natural log of proportion of train trip production per total employed
residents and the natural log of proportion of train trip attraction per total trip attraction
have resulted in much better predictions and comparisons of the LUTI and SETI
models than any other alternative y variables. The advantage of using two different
ratios for the dependent variable was that each can omit the number of employed
residents who work at home in the calculation of y. Failure to omit this factor may
overestimate the size of train ridership in both models.

With log transformation y, the model adapted the LDV equation or the limited
dependent variable equation (Taplin, 2016). What was important in this analysis was
not the calculation themselves, but the alternative ways the problem could be
approached and the interpretation of the results. Therefore, attention was paid to what
the potential problems were and what interpretation might be assigned to the statistical
results from the SPSS (Howell, 1997, p. 510).

Firstly, this thesis developed research hypotheses to determine the approach to the
problem and the interpretation of the results. The use of “regression to predict y was
performed on the assumption of simultaneous knowledge of all p predictors” (Howell,
1997, p. 509). For example, the research hypotheses require differentiating between

models with and without agglomeration.

Secondly, by adapting the LDV equation of multiple linear regression, the emphasis
of interpretation of model results was focussed on the multiplicative effects of the
predictor variables rather than the additive effects (Taplin, 2016). Further explanation

of this model is to be discussed in Chapter 6.

3.7 DETERMINATION OF INDEPENDENT OR PREDICTOR VARIABLES
Within the framework of LUTI-based regression, this thesis categorised independent
variables into three groups: people, place, and transport. For SETI-LUTI-based

regression, a spatial-economic category was added, involving two measures: effective
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job density and effective employed resident density. Table 3.3 describes each variable

and how each was used in previous research.

Table 3.3 Independent variables and theoretical justification

Component Variable References
Place component: Employed Density and the distance from the CBD correlate
Place was defined as the  resident density  with the consistent increase in public transport
broad concept of land share, independent of other factors (Rickwood &
use, i.e. the generator of Glazebrook, 2009).
travel demand from
various activities Provided there were enough people to be carried on
according to land use (mass) transit, the more effective and productive
type. the transit would be. A more dense concentration of

people translates to higher revenue and a more
productive the transit system (Cushman, 1988).

Job density The areas with the highest employment densities
such as the CBD usually have a concentration of
transit hubs and a moderate level of population
density due to high rents (Chen et al., 2008).
The number of public transportation commuters
were closely related to the number of CBD
employees, rather than to overall metropolitan
area size (Handy, 1996).

Mixed land use and density were positively
associated with journey to work times (Cervero
& Duncan, 2006).

Job housing Job-housing balance refers to the distribution of

balance employment relative to the distribution of
workers within a given geographic area (Cervero
etal., 1995).

Plentiful jobs within four miles of home
significantly reduced VMT and VHT for work
trips. Housing-job proximity was the only land
use variable negatively associated with commute
time (Cervero & Duncan, 2006).

Land value Holding housing prices fixed, a real wage increase
is required in the metropolitan market if the
commuting time is increased. Elasticity of housing
prices with respect to commuting time is larger
than elasticity of wages (So, 2001).
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People component; Employed
“People”was related to resident and
vertical segregation, Job structure by
consisting of the socio- economic

demographic and socio-  sector
economic dimensions of
travellers (Van Acker et

al., 2007).

Knowing the size and density of employment,
along with the occupation structures and income
level, and the characteristics of the transportation
network has been important in predict trip
generation (Hall, 1969).

Elasticity of wages with respect to zonal

commuting times represented the semi-elasticity of

the hourly wage with respect to two additional
minutes of commuting time, considering private
and public sector workers (Timothy & Wheaton,
2001).

Employment in the educational sector was
positively influenced by monthly station boarding,
higher than employment in the commercial sector.
The use of employment types as a predictor,
instead of employment density, attained higher
explanatory power in ridership prediction
(Gutiérrez et al., 2011).

Employed
resident and
Job structure by
occupation

types

White collar workers (e.g. professionals and
managers) have longer commuting times than
blue collar workers, where white collar workers
can afford higher travel costs while blue collar
workers tend to cluster around their place of
work (Wang & Chai, 2009).

Vehicle
ownership

Car ownership level is an important factor to
influence the pattern of urban growth. For
example, the growing of out of town shopping
centres need to be complemented by higher car
ownership levels (Hall, 1969)

Regulation to restrict automobile ownership such
as through tax on car acquisitions had a positive
impact on transit patronage (de Grange et al.,
2012).

Blainey (2010) used a demographic variable
consisting of car ownership and the number of
jobs located within station catchments. Both
variables were found to be statistically
significant, with small improvements in model
fit.

Limited automobile ownership contributes to
high rates of unemployment in the inner city as
poor people living in inner city neighbourhoods
are disadvantaged by the growing distance to
suburban jobs. This was worse when the
metropolitan area was deliberately designed for
cars (Grengs, 2010).
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Income of
residence based
on occupation
types

Wage based on
occupation
types (at place
of work)

Wage of
tertiary sector

Job decentralization created commuting time
differentials that were capitalized into wage
differences among competing employment sub-
centres. Wages were found to vary up to 15
percent within metro areas and this variation is
significantly related to the average travel times
for workers in the various zones (Timothy &
Wheaton, 2001).

Population density, average income, bus service
connectivity, distance to central stations, and
service frequency were linked to trip production
ridership (place of residence) (Chan & Miranda-
Moreno, 2013).

The variation in train ridership among urbanized
areas can be explained by factors such as
regional geography, metropolitan economy
(income), population characteristics, and
auto/highway characteristics (Taylor et al.,
2009).

The metropolitan wage level is closely related to
the level of transportation. A wage premium is
required to compensate for longer commuter
time. Increase in commuting time lowers
nonmetropolitan population (So, 2001).

The higher the income, the less likely employees
work and live at the same district and the more
likely they spend longer times commuting
(Wang & Chai, 2009).

Income is negatively related to ridership
production (Chan & Miranda-Moreno, 2013).

Transport component: Public transport
The influence of public supply such as
transport infrastructure train and bus
combined with the network
attractiveness of public supplies
transport.

Transportation factors

appear to be more

important than that of

vehicle ownership and

household income (J. Lin

& Long, 2008).

A household’s decision to use a car (or not) was not
only affected by internal factors (car type and the
socio-economic/demographic profiles) but also by
external factors in terms of public transport
provision and the presence of parking restrictions
(Nolan, 2010).

Land use diversity, bus connectivity, and transfer
stations were associated with station attraction
ridership (place of work) (Chan & Miranda-
Moreno, 2013).

The policy of expanding metro or train networks
stimulates the use of public transit (de Grange et
al., 2012).

Suburb’s
centrality by
street network
(travel distance)

Van de Coevering and Schwanen (2006)
identified that the ratio of public transport to
road and rail density and lower public parking in
the CBD correlated positively with the total trip
distance by public transport.
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Proximity or Those who lived and worked in areas with good

distance to train rail facilities used rail to get to work, combined

stations with walking and cycling. This was true
regardless of car ownership and work location
(Commins & Nolan, 2011).
The importance of railway stations, the
proximity of living environments to station
precincts, and the spatial accessibility of location
increased the use of trains for commuters
(Cervero, 1994; J. Lin & Long, 2008).
Comparing Germany and the USA, it was found
Germans living more than 1000 m from public
transport have a higher share of trips by walking,
biking and public transport (29% of all trips)
compared to Americans living within 400 m of
public transport (18% of all trips).
People living next to a train station with a higher
number of trains per hour were more likely to
use public transport for their journey to work.
The distance from the place of employment to
the nearest train station was statistically related
to travel behaviour (Ellis & Parolin, 2010).

Network travel ~ Whether the journey to work was faster by car or

time public transport was found to be significantly
related to the modes used for working trips (Ellis
& Parolin, 2010).
Improvement in transportation that lowers
commuting time increases non-metropolitan
populations and will increase the number of
nonmetropolitan commuters to metropolitan
markets (So, 2001).
Travel time saving is the most important
attribute of public transport attractiveness. Route
integration may require users to make transfers.
Providing reliable and well connected routes was
important to reduce total travel time
(Chowdhury, Ceder, & Schwalger, 2015).

Spatial-economic The Research Hypothesis 1.
dimension (SETI-LUTI concentration The dispersion of activity within a city region is a
model only): of activity near  disadvantage for railway services. Rail service

Agglomeration factor in  train stations, cannot accommodate a dispersion pattern of
terms of effective density i.e clustering development as the strength of railway service

and distance relies on the ability to provide fast, reliable, and
decay patterns  high capacity transport over a few main lines (Hall,
1969, p. 432).
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Effective job Research Hypothesis 2.

and employed  There is inconclusive evidence as to whether wage

resident density and commuting cost differences result from
equilibrium agglomeration effects or from a
disequilibrium distribution of employment
(Timothy & Wheaton, 2001).
If the distribution of transportation capacity is
relatively uniform, then equal wages and
commuting costs eventually imply some number of
equal sized employment centre. Further, long run
equilibrium dictates commuting costs and wages
must equalize across different sized employment
locations (Timothy & Wheaton, 2001).

Station Research hypothesis 3.

attribute: the In general, stations farthest from downtown have
interaction higher trip production and lower trip attractions
between (Chan & Miranda-Moreno, 2013).

distance of Characteristics of stations were relevant for
suburb to explaining ridership. The type of station, such as
station (station  terminal, intermediate, interchange or intermodal
access) and was related to the number of riders (Gutiérrez et
effective al., 2011).

density Station spacing influences the size of the
determines the  catchment areas (the catchment radius) and
geographical additional spacing around a station would draw
extent of additional riders to that station (Kuby, et al., as

agglomeration  cited in Gutiérrez et al., 2011, p. 1083).

Job-housing Research hypothesis 4

balance (based  The joint decision of where to live and where to

on the trade-off work was made by trading off wages, housing

perspective) prices, and commuting costs (So, 2001).
Wage variation across employment zones within
a metro area is strongly correlated with the
average commute time of the workers employed
in that zone. Controlling for residential location,
workers who commute farther should get paid
more (Timothy & Wheaton, 2001).

3.8 SUBURB AND FISHNET LEVEL OF DATASET

This thesis assumes that train ridership is not only a function of suburbs’ socio-
demographic/economic or land use characteristics, but also influenced by the stations’
features. Therefore, the use of suburbs as study areas cannot be separated from the

spatial distribution of stations in the Perth metropolitan region. This study proposed
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an additional way of modelling train ridership where one can accommodate the
influence of station on train usage based on the catchment area of a station.

To accommodate the influence of station on a more detailed level, data in a suburb
were divided into grid cells, i.e. a fishnet-based dataset, where the nearest station to
each fishnet can be more precisely identified. Funderburg, Nixon, Boarnet, and
Ferguson (2010), due to the need for finer geographic scale data, applied the grid or
fishnet method. Their one-kilometre grid cells were developed as an aggregation of
point-location microdata. In this thesis, however, the one-kilometre grid cells were
developed as a disaggregation of aggregate suburb level data. A suburb level dataset
was re-organised into smaller areas, which were in a form of one square kilometre grid
cells using a geographic information system-mapping. A new value of each fishnet

was assigned based on the area weighted calculation method (Dell, 2009).

The result of disaggregating suburb data into fishnet data resulted in an around 11,000
fishnet observations. An additional variable, i.e. the interaction term, was used to test
any moderating effect of the suburb-station distance on the relationship between the
agglomeration variable (effective density) and train ridership (hypothesis 3, chapter
7).

In addition, the fishnet-based dataset was used to examine the spatial attributes of
distance decay of agglomeration (explored in Chapter 5). Fishnet-based data is used in
some elements of analysis, such as in curve fitting of the probability density function
for exploring the trade-off mechanism between distances to station, wages, land rents,
and travel times. Fishnet-based data is also used in some wage equation models
(hypothesis 4, chapter 8).
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models: Train trip All sector, data is used in the
production (origin) and construction, measurement of all
train trip attraction manufacturing, and variables, except the
(destination) retail sector. station distance.
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Level of data: fishnets based
Framework of modelling train ridership data. The data is used in the
prediction: measurement of'variable
'average suburb distance to
The LUTI and the SETI framework. station' to derived the
interaction term variable.
- AN
- N
Overall models involve 48 models in total:
The LUTI models:
Train trip production of all sector, construction, manufacturing, retail sector without the interaction term;
Train trip production of all sector, construction, manufacturing, retail sector with the interaction term;
Train trip attraction of all sector, construction, manufacturing, retail sector without the interaction term;
Train trip attraction of all sector, construction, manufacturing, retail sector with the interaction term.
The SETI models:
Train trip production of all sector, construction, manufacturing, retail sector without the interaction term;
Train trip production of all sector, construction, manufacturing, retail sector with the interaction term;
Train trip attraction of all sector, construction, manufacturing, retail sector without the interaction term;
Train trip attraction of all sector, construction, manufacturing, retail sector with the interaction term.

Figure 3.7 Model structure and data level

Furthermore, the model structure used in this thesis may be divided into location-based
and sector-based analysis. Location-based analysis consists of a focus on origin or train
trip production model and destination or train trip attraction model. The former model
was build based on place of residence dataset, while the later model was based on place
of work dataset. Sector-based analysis consists of the examination of the
manufacturing, construction, and retail sectors, including a summary of all sectors.
The comparison of the model with and without agglomeration (i.e. the LUTI and the
SETI models) based on testing the hypothesis 2 (chapter 6) was conducted for all
sector; while the testing of the hypothesis 3 was conducted by adding the interaction

term based on sector construction, manufacturing, and retail sector (chapter 7). In the
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LUTI model, the interaction between job density or employed resident density and the
suburb average distance to train station was developed, while in the SETI model, the
interaction term was developed between effective job or employed resident density

and the suburb average distance to train station.

3.9 STUDY AREA

The global trends in public transport development seem to be similarly reflected in the
development of Perth. Before the 1960s, most employees and businesses considered
multi-modal accessibility to be an important factor for location, so that
neighbourhoods built before that time generally had good sidewalks, local services
(shops, schools and parks) and frequent public transit services, particularly rail (such

as the Fremantle station precinct).

Perth Metropolitan has committed to land use and transport integration policy since
the formulation of its planning strategy in 1955, known as the ‘compact city’ scenario.
The 1970 Corridor Plan and the 1990 Metroplan have also aimed to achieve land use

transport integration (Curtis, 2005).

However, many neighbourhoods built between 1960 and 2000 were more automobile-
dependent, coinciding with the construction of massive street networks and freeways
in Perth from the 1960s to the late 1980s (Curtis, 2008). There were limited changes
in land use around rail stations, due to the extension of the city boundary outward to a
low density city, with the freedom of car use, a mechanism to cope with the developing
urban structure (Curtis, 2005). The statistics reported by the ABS survey from 1976 to
2006 showed that Perth remains the city with the highest car use in Australia since the
1980s and until the early of 2000s, with the travel mode share for car drivers above
70%. Mode share for car passengers in Perth was also high, at above 11% in 1980s,
although it continued to decrease to about 7% in 2000 and slightly increased in 2001.
Concurrently, mode share for public transport (all types) in Perth was relatively low
compared to other cities. It was about 12% in the 1980s, continued to decrease until
1996 to about 8%, then slightly increased above 10% from 2001 to 2006. Perth was

the second lowest city in Australia in terms of public transport market share after
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Canberra, especially during the period from the 1970s to 1980s (Mees, O'Connell, &
Stone, 2008).

In recent years, there has been a growing demand for more transit-oriented
development, both by individual consumers and by communities. This has been shown
by the strategic policy changes in the Perth metropolitan region, which began in the
1980s to improve the LUTI performance by means of linking centres with a rapid
transit system. A re-orientation toward public transport began with the revitalization
of suburban rail lines in the 1980s in line with the TOD policy adhered to in state
planning policy since 1988 (Curtis, 2008). The first revitalization began with the
opening of the Fremantle line in 1983, followed by the electrification of suburban rail
lines in 1987, and the construction of the northern suburban railway accompanied by
the opening of a supporting feeder bus network in 1993 (Curtis, 2008). Recent
investments made in Perth have been the construction of a 72 km railway line serving
Perth’s southern suburbs, which has become the most successful public transit system,
in terms of its capability and comparative advantages compared to private transport.
The average speed of 92 km/hour on the Perth-Mandurah rail line, compares
favourably to that of the 60 km/hour speeds for the Perth-Clarkson rail line, and 47
km/hour for the Perth-Fremantle rail line. The system has also become the fastest rail
in Australia, compared to those in other cities, such as Melbourne (46 km/hour),
Sydney (60 km/hour), and Brisbane (68 km/hour) (Curtis, 2008). However, one may
examine whether this extensive investment in public transport and the creation of new
centres of activity by means of 68 (planned) TOD (D.C 1.6 1999 Development around
Metropolitan Railway stations - Development Control: Policy Manual — Western
Australian Planning Commission: 1998)2 has been the most effective solution for land

use-transport integration in the Perth Metropolitan context.

2

http://www.stirling.wa.gov.au/development/Projects/Glendalough%20Station%20Precinct%20Study
/Glendalough%20Station%20Precinct%20Urban%20Design%20and%20Implementation%20Study.pdf
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Table 3.4 Description of railway lines

Rail line
Station Fremantle Joondalup line Midland Armadale line Mandurah
features and line line line
development
Development  Opened since  Joondalup line Opened Opened since A 72km
history 1881 for opened in 1992.  since 1881 1889 serving railway line
(Curtis, 2008)  Fremantle- for south-eastern  operational in
Perth-Midland Fremantle- suburbs December
line Perth- Thornlie spur 2007 (Curtis,
Re-opened the Midland opened 2008)
line in 1983 line. serving Serving South
after closed in Thornlie western
1979 and station on suburbs: Perth,
extended in Armadale line  Esplanade,
1993 in 2005. Canning
northwards to Bridge, Bull
Currumbine Creek,
and in 2004 Murdoch,
northwards to Cockburn
Clarkson. Central,
Kwinana,
Wellard,
Rockingham,
Warnbro, and
Mandurah.
Recently Yes No No Yes Yes
experienced In 2004 to In 2005 for In 2007 for all
rail Clarkson Thornlie stations along
development/ Perth-
expansion? Mandurah line
Activity Shenton Park Glendalough Bayswater Burswood Bull Creek
centre Subiaco Leederville East Perth Cannington Cockburn
Stirling Maylands Thornlie Central
Warwick Murdoch
Station Subiaco Glendalough Bayswater Oats Street Canning
transfer/ Claremont Stirling Bassendean  Cannington Bridge
Interchange Fremantle Warwick Midland Thornlie Bull Creek
Whitfords Maddington Murdoch
Joondalup Gosnells Cockburn
Clarkson Kelmscott Central
Armadale Kwinana
Rockingham
Warnbro
Mandurah

Figure 3.8 presents the study area of the Perth metropolitan region. This thesis used

the suburb or the state suburb (SSC) as an administrative boundary of the study area.

The SSC was not part of the ABS structure. Instead, the areas were aligned closely

with the Statistical Areas level 2 (SA2), where the SA2 are an aggregation of statistical
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area level 1 (SA1). Both SA1 and SA2 are defined in the ABS structure (2011 Census
Dictionary, p. 183 and p. 189). All suburbs were viewed as potentially both a place of
residence and a place of work. For the place of residence dataset, the ABS census has
provided almost all data especially in relation to the socio-demographic/economic data
that are available at the suburb level. The place of residence dataset was derived from
geographical areas based on place of usual residence. These areas were collected at the
state suburb level (SSC) for Western Australia, and were chosen specifically for the

Perth metropolitan region to include 339 suburbs.

The place of work dataset was derived from geographical areas based on Place of Work
(POW) at the SA2 level or Statistical Area Level 2. Perth Metropolitan consisted of
159 SA2 areas. Some job data were also derived from Place of Work data, comprising
990 DZN or destination zones in the Perth metropolitan region. This was in order to
derive a more detailed and precise job data set. The areas for SA2 and DZN were
tractable using ArcGIS. Map layers provided by ABS were overlaid with the suburb
boundaries in order to segregate the SA2 level and aggregate the DZN level into the
suburb level. This included several stages of conversion procedures (further explained
in Chapter 4). For all digital boundary maps files, the ABS provides all maps in a GIS
file.?

3

http://www.abs.gov.au/websitedbs/D3310114.nsf/home/ABS+Geography+Publications#Di
gitalGIS
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Amongst the 339

300, 420
1 1

Figure 3.8 Map of study area

suburbs across the Perth Metropolitan Region, there were some

suburbs that currently coincided with a national park or conversation areas that were

unpopulated or had a very low population and number of employed residents. These

areas were removed from the analysis. These suburbs were as follows:

SSC50026
SSC50126
SSC50329
SSC50396
SSC50441
SSC50487
SSC50753
SSC50757
. SSC50762
10.SSC50763
11.SSC50795
12.SSC50838

©ooNo Ok wDdE

Avon Valley National Park
Canning Mills
Herdsman

Keralup

Lesley

Melaleuca

Tamala Park

Tapping

The Lakes

The Spectacles
Walyunga National Park
Whiteman
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Remote areas such as Garden Island and Rottnest Island were also excluded from the
analysis. Other data limitations were related to the availability of property transaction
data in 2011. Some suburbs with missing data for 2011 transactions were replaced by
data from previous years or from after 2011. However, some suburbs that did not have
any property transactions from between 2006 and 2013 may be representative of a less
dynamic area of land use/residential development. Therefore, these suburbs were
omitted as well. These suburbs were: Karrakup and Swan View. Three additional
suburbs were removed since these suburbs have outlier data: Wooroloo, Mandogalup,
and Keysbrook. In total, there were 316 suburbs adopted as the study area for train trip
production and train trip attraction.

3. 10THE SCOPE OF THE MODEL

The scope of the model has been limited to modelling home-to-work rail trips only,
based on home-based trips (train trip production) and non-home end trips (train trip
attraction) and modelling omitted non-work trips due to data limitation issues: the ABS
Census only covered trips for working purposes and there were no non-work trips data
available. However, the PARTS (Perth and Region Travel Survey) data based on 2006
surveys provided data on all trips, categorised by trip purpose. It found that the
percentage of home-based trips were 37.12% out of all trips and that 38.5% of trips
were working trips. In total, 11.18% of all surveyed trips were the trips where the main
destinations were for the purpose of working. There were no data available for 2011

surveys.

In the context of agglomeration studies, such as in this thesis, the main indicator of
agglomeration is the “effective density”, measured as job and employed resident
effective density. These indicators were regarded as proxies for travel demand for
working purposes. In summary, the home-to-work rail trips were regarded as the focus
of this study, and not any non-work-related trips.

In addition, the focus of this thesis is on the utilization of travel time by public transport
(park and ride) as the basis for the calculation of public transport induced
agglomeration. The choice of public transport would be determined significantly by

whether or not the journey to work was faster by public transport, as opposed to auto
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or car access (Ellis & Parolin, 2010). Furthermore, in the summary of the thesis
findings (chapter 9 section 9.6 and appendix 60), this thesis re-ran the model based on
whether the agglomeration was influenced by auto access (car travel time) and its
impact on train ridership. The model showed that job agglomeration based on car travel
time actually had an inverse relationship with the level of train ridership. Therefore,
this thesis assumed that car travel time should be used in the prediction of the level of
car use, and that the thesis would only focus on the influence of public transport park
and ride travel time as the determinant of the level of public transport induced

agglomeration.

3. 11 INDUSTRY SECTORS

Studies in agglomeration economies often assume that each industry type has a
different effect on the economy. Specifically, the different impacts of transport
investment on urban productivity partly depend on different economic sectors (Deng,
2013). In this way, the analysis of agglomeration usually allows for detailed sectoral
coverage (Graham, 2007, p. 324). Therefore, agglomeration in terms of effective job
density and employed resident density were both defined and classified based on
industry types.

The measurement of agglomeration was subdivided further for employment based on
industry sectors. This differentiation was necessary since different industry sectors are
likely to have different elasticity with regard to their regression relation to train
ridership. Therefore, the separate analyses were conducted for each sector.

ABS provided data on employment levels based on the 2011 Census — Employment,
Income and Unpaid Work section. ABS defined a 1-digit category for industry of
employment (INDP) using the Australian and New Zealand Standard Industrial
Classification (ANZSIC). The categories were applicable to employed persons, and
consisted of: (1) Agriculture, forestry and fishing, (2) Mining, (3) Manufacturing, (4)
Electricity, Gas, Water and Waste services, (5) Construction, (6) Wholesale trade, (7)
Retail trade, (8) Accommodation and food services, (9) Transport, Postal and
Warehousing, (10) Information media and telecommunication, (11) Financial and
Insurance services, (12) Rental, hiring and real estate services, (13) Professional,
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Scientific and technical services, (14) Administrative and support services, (15) Public
administration and safety, (16) Education and training, (17) Health care and social
assistance, (18) Arts and recreation services, (19) Other services. The geographical
area based on the respondent’s usual residence was chosen. This employment division
was also used to define job division in this thesis, based on place of work geographical

area.

Some sectors were orientated toward natural resources, encompassing primary
industries: agriculture, forestry, fishing, and mining. These sectors were omitted from
the analysis since primary industry contributes the least to urban working trips. Some
industries in which their location might be influenced by the occurrence of natural
resources, for example electricity, gas and water (Graham, 2007, p. 333) were also
omitted from the analysis. Other sectors that consisted of manufacturing, construction
and services industries were regarded as being orientated toward market or household
consumption. Nevertheless, many agglomeration studies have found that the
manufacturing and service sectors have different magnitudes and areas of influence or
geographical spill-over effects (Dekle & Eaton, 1999; Graham, 2007). Therefore, this
thesis chose industry sectors based on these considerations. The three sectors were
chosen based on their potential influence on the magnitude of agglomeration, and their
natural orientation towards market or natural resources. One sector from the general
services sector was chosen, i.e. the retail sector, and two others from secondary
industries, i.e. the construction and manufacturing sectors. The total 19 sectors (or the
“all sectors” dataset) were used as the benchmark model.

Additional criteria for choosing sectors included the level of employment that may be
sufficient to influence travel demand, and the contribution of the sector to urban

productivity, as measured by employment income (Table 3.5).
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Table 3.5 Description of sector economy based on size and productivity criteria

INDUSTRY NAME

EMPLOYMENT
DENSITY 2011

INDUSTRY NAME WEEKLY
EMPLOYMENT

INCOME 2011

Health Care and Social 22643.56 Professional, Scientific and 107,257,291.00

Assistance Technical Services

Retail Trade 19883.93 Construction 106,319,916.00

Professional, Scientific 18825.04 Health Care and Social 90,555,760.00

and Technical Services Assistance

Construction 18577.46 Manufacturing 81,090,266.00

Education and Training 17006.81 Mining 78,071,457.00

Manufacturing 15342.2  Education and Training 73,704,972.00

Public Administration 12592.43 Public Administration and 69,610,568.00

and Safety Safety

Accommodation and 12165.25 Retail Trade 56,996,757.00

Food Services

Mining 9425.81 Transport, Postal and 42,422,604.00
Warehousing

Transport, Postal and 8071.38 Wholesale Trade 36,784,407.00

Warehousing

Wholesale Trade 7407.61 Financial and Insurance 33,937,053.00
Services

Other Services 7315.7 Other Services 29,102,664.00

Administrative and 6585.09 Accommodation and Food 27,482,399.00

Support Services Services

Financial and Insurance 6224.44 Administrative and 25,642,500.00

Services Support Services

Rental, Hiring and Real 3619.65 Rental, Hiring and Real 18,357,696.00

Estate Services Estate Services

Arts and Recreation 3234.48 Electricity, Gas, Water and 15,069,197.00

Services Waste Services

Information Media and 2620.01 Information Media and 11,523,021.00

Telecommunications Telecommunications

Electricity, Gas, Water 2199.99 Arts and Recreation 10,267,490.00

and Waste Services Services

Agriculture, Forestry 894.72  Agriculture, Forestry and 4,267,601.00

and Fishing Fishing

The three sectors chosen, i.e. the retail, construction, and manufacturing sectors, were

among the top 10 sectors in both criteria. These sectors were also chosen in order to

have comparable results to other studies in agglomeration.

3. 12SOFTWARE REQUIREMENTS
All data have been processed in Microsoft Excel to prepare all required calculations.

All spatial data, specifically in a shapefile format, has been processed in the GIS

(Geographical Information System) software developed by the Environmental
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Systems Research Institute or ESRI. The processing of data included mapping all
required information and variables into a visual format, including overlaying and
buffering processes, for example to form the buffer zones around train stations. The
conversion and aggregation of different geographical boundary levels were performed
in GIS, specifically in ArcMap 10.2 (ESRI Inc., 2010). The analysis for the clustering
of effective density was performed using the Getis-Ord G* tool in ArcGIS. The model
for train ridership prediction was conducted using IBM SPSS Statistics 22 (IBM Inc.,
2015), particularly for conducting multiple linear regression. All data preparation such

as data cleaning and data transformation was performed either in Excel or SPSS.
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CHAPTER 4. DATA PREPARATION

B T A A

This section describes the process of data preparation prior to performing the analysis.
The aim is to prepare the data by identifying and solving problems related to data
format or content. These processes enable the extraction of more meaningful
information by understanding the nature of the data (Blischke, Rezaul Karim, &
Prabhakar Murthy, 2011). Descriptions of each of the dependent and independent

variables are described below, followed by the stages involved in the data preparation.

4.1 DESCRIPTION OF DEPENDENT AND INDEPENDENT VARIABLES
4.1.1 Dependent variable: method of travel to work

The data source for the number of working trips was the Australian Bureau of Statistics
(ABS) “method of travel to work by persons” (MTWP) response from the 2011
Census. The dependent variable for the model developed in this study was the number
of working trips by train. Chapter 3 described the initial analysis to test which
measurement would give a better model fit between the number of trips to work by
train, either as an absolute-number or as a proportion of the total workers, or total jobs,
or total trips. The decision was made to use a proportion of the number of train trips

but presented in the form of a limited dependent variable, thus requiring a log natural
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transformation of this variable to reduce the problem of homogeneity and outliers
(Dhrymes, 1986; Taplin, 2016).

“Method of travel to work™ data was provided by the ABS under a Curtin license by
utilizing Table-Builder Pro database. This license allowed access to a database called
‘2011 Census — Counting Employed Persons, Place of Work’. The data included
classifications for employment, income and unpaid work categories. The category of
MTWP (Method of Travel to Work by Persons) consisted of 236 types of modes (both
single and combinations of modes). The MTWP involving train travel consisted of the
following modes: train; train and car as passenger; train and car as driver; train and
taxi; train and bus; train and bicycle; train and ferry; combination of train and car as
driver and car as passenger; train and bus and car as passenger; train and bus and car

as driver; train and bus and bicycle; and train and others.

These data were collected in the format of a matrix of train trip production or home-
based working trips by train (the place of residence model), train trip attraction data
(the place of work model) and train trip distribution data of spatial flow between origin
and destination (the gravity model). The first and the second data sets have been used
as dependent variables in the train ridership modelling. The third data set has been
used in the calculation of the time decay parameter of agglomeration, based on the
Graham (2007)’s formula (see equation 3.1 and 5.1), where the level of spatial
interaction was stated as a function of travel time between residential suburbs and
workplace suburbs to derive or estimate the parameter of time decay (explained in
detail in chapter 5).

4.1.2 Independent variable

4.1.2.1 Agglomeration measurement

This measurement was a function of the number of employed residents or job density
and the network travel time by park and ride. Park and ride travel, based on home-
work travel was around 21.85% of all travel involving trains (2011 ABS Census —
MTWP data). The methodology has focussed on the use of travel time by park and ride

in the agglomeration calculation due to data limitations. That is, while the percentage
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of bus and ride travel was around 25.2% and that of train only was 43.2% (2011 ABS
Census — MTWP data), there were no travel time data available for all combination of

mode types involving trains.

The STEM model output specified two types of public transport travel time matrices.
Those included the travel time by walk and ride and also by park and ride. The travel
time by park and ride was chosen to accommodate the component of auto accessibility
(car travel time) in the agglomeration calculation, as this thesis assumed that both the
auto accessibility to stations and train accessibility would influence the magnitude of

agglomeration of an area.

The travel time was a direct way to assess any transport improvements and directly
translates into improved accessibility or effective density (Graham & Melo, 2010).
The difference in this study, as reflected in equation 3.1, is that this thesis used travel
time instead of travel distance as an indicator of proximity between suburbs (further
described in equation 5.1).

(i) Effective job density (EJD) is a function of the number of jobs in each suburb
i and all other suburbs j, and the travel time by park and ride between suburb i
and suburb j.

(i) Effective employed resident density (EDER) is a function of the number of
employed residents (resident employees) in each suburb i and all other suburbs

J, and the travel time by park and ride between suburb i and suburb j.

It is important to note that this thesis mentions two types of decay variables: first, the
time decay parameter, which is used in the calculation of effective density. This
parameter is estimated by using the train trip distribution data in the gravity model (as
discussed in section 5.1), where the resulting time decay parameter from the gravity
model is applied as the time decay parameter in the calculation of effective density
(equation 5.1). Second, the distance decay parameter is derived from the magnitude of
effective density calculated for each suburb. The distribution of effective density
across the study area is examined with respect to the distance from stations in

aggregate. Curve fitting based on an exponential distance decay equation has been
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used to estimate the parameter for distance decay of the percentage of effective density
as a function of distance from stations (discussed in chapter 5.3).

Thus, the time decay parameter measures the sensitivity of agglomeration magnitude
to travel time between pairs of suburbs, where the distance decay parameter measures
the sensitivity of agglomeration magnitude to the distance between train stations and
the location in question (i.e. the fishnets centroids). The utilization of distance decay
in the latter parameter is used as evidence to support the hypothesis of public transport
induced agglomeration. As mentioned in chapter 3.3, the distance decay pattern of
agglomeration is defined as the spatial attribute of agglomeration in this thesis.
Meanwhile, chapter 3.2 has suggested the underlying assumption for the
agglomeration concept, adapted from Venables (2004) and Graham (2007), is that a
station is a focal point or point of reference, thus suggesting that the distance decay of

agglomeration away from a station is an important attribute of agglomeration.

4.1.2.2 Travel time by park and ride

The travel time data used in equation 5.1 was based on park and ride services.
Limitations on the data included the fact that travel time matrices were estimated from
the STEM model (Department of Planning, 2011) which consisted of travel times
between travel zones based on car journeys; walk and ride; and park and ride journeys.
The travel zones were therefore converted into suburb matrices. The travel time by
park and ride journey was choosed as the best alternative to represent the spatial

interaction of the train trips.

4.1.2.3 Per hour per person wages and incomes level

Wage data were calculated by converting the place of work based income data for blue
collar workers and for managers/professionals from the Statistical Area level 2 (the
SA2) data into suburbs data. The calculation for wage level was similar to the
calculation for other income levels. The ABS defined “total weekly personal income”
(INCP) as the total income that the person in a place of residence usually receives
every week. It was applicable to persons aged 15 years and over. Income per hour per

person was calculated as the total weekly income summed up over all workers at a
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place of residence divided by the number of workers and by the total weekly hours (40
hours) to generate income per hour per person. Wage per hour per person was
calculated as the total weekly income summed up over all workers at a place of work
divided by the number of workers and by the total weekly hours (40 hours) to generate

income per hour per person.

The ABS “INCP” was derived from the following categories (the median amounts

appear in brackets):

Negative income

Nil Income

$1 - $199 ($80)

$200 - $299 ($263)

$300 - $399 ($349)

$400 - $599 ($487)

$600 - $799 ($698)

$800 - $999 ($896)

. $1,000 - $1,249 ($1,107)
10. $1,250 - $1,499 ($1,363)
11. $1,500 - $1,999 ($1,695)
12. $2000 or more ($2,579)

Total weekly income of suburbs was defined as the amount of median income in each

© oo N o a k~ w e

category times the number of workers of that income category in that suburb, then
finally summed up over all the categories for each suburb. The rate of wage/income
per person per hour was calculated from this total weekly income, divided by the total

number of workers and the total hours per week (40 hours).

The income and wage was calculated for blue collar and managers/professionals
occupation.

4.1.2.4 Land value of residential land uses and non-residential land uses

The data on land value were obtained from the mean of transaction price of properties
calculated for all dwellings that were sold in each suburb across the Perth metropolitan

region from 2006 to 2013. The land value was calculated by dividing the property price
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by the land area of the property. The calculation was then standardized based on
housing characteristics of a 3 bedrooms-2 bathrooms property type by accommodate
data of this property type and omit other data. This was to avoid bias based on housing
characteristics. Property value data were obtained by permission of ©Western
Australian Land Information Authority (Landgate, 2014). Data from all types of
properties were comprised of 395.716 parcels from the 2006 to 2013 dataset in total.

All parcel data were aggregated into a suburb value; using the following calculation:

LVsubur, = 22 LVparceti/ N Equation 4.1
Where:
LVsuburb;= the average land value of all parcels for dwellings in suburb i, are
calculated based on a 3 bedrooms-2 bathrooms property type.
N = the number of parcels in suburb i.
These data were further adjusted, based on a constant dollar value for 2011/2012,
which is a CPI (Consumer Price Index) standard for housing that was issued by ABS
(ABS, 2011)*. Any missing data for property transaction and/or suburbs in 2011 were
replaced by transactions from other years between 2006 and 2013 and the prices were
adjusted based on a constant dollar value as of 2011/2012. Land values for residential
and non-residential land use were calculated as separate categories. The former
category was used as a variable in the place of residence dataset for train trip
production model, and the latter was used in the place of work dataset for train trip

attraction model.

4.1.2.5 Public transport supply

The public transport supply index was a combination measurement of public transport
service frequency (such as buses trips and train trips per week) and suburbs’ access
distance to bus stops and train stations, and was computed for each suburb using GIS
software. The formula to calculate this index was specified as follows, after (Currie &
Delbosc, 2010):

4 A Guide to the Consumer Price Index: 16" Series (Document Number 6440.0), ABS 2011.

Chapter 4 Data preparation 98



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

areagn

PTIsuburb; = ZN( * SLBn) Equation 4.2

arédsyburb i

Where:

PTIsuburb; = the public transport supply based on buses and train network for suburb
i,

N = the number of walk access buffers to buses stops and train stations in each suburb
I,

Bn = buffer n for each stop for each suburb defined as a 400 meter radius from each
stop, and an 800 meter radius from each station.

area suburb i = the the land area of the suburb in square kilometres,

SL = service level measure, i.e. the number of bus arrivals per week corresponding to
each bus stop, and the train frequency per week for each station.

The procedure to conduct this calculation was as follows (Currie & Delbosc, 2010):

« Transperth of Western Australia provided maps of all bus stops and stations.
Using GIS software, buffer areas were drawn from each stop out to a 400 m
radius from the bus stop and 800 m from the station corresponding to each

relevant suburb.
» The suburbs’ access distance to each stop and station were calculated.

» The service frequency for each stop and station, measured as the total number

of service arrivals in one week were calculated.

e A combined measure of service frequency and access distance was calculated
based on the formula in equation 4.2 to obtain the index of public transport

supply for each suburb.

4.1.2.6 Job housing balance index or job to worker ratio (JWR)

Based on the literature, job-housing balance refers to the distribution of job relative to
the distribution of employed residents or workers within a geographic area in question

(Giuliano, 1991). Some methods to calculate the job housing balance are as follows:

» Comparison of the number of resident workers with the number of jobs within
agiven area; i.e. E/P ratio or employment per population ratio (Giuliano, 1991).

The index can be compared with the regional average of number of workers
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per occupied housing unit to identify job quality, for example, by categorising
the area based on radial distance to downtown cores or central business district
areas. The index can also be disaggregated by sectoral composition, such as

manufacturing, service, retail trade, etc.

« Other comparisons such as jobs/households, jobs/total housing, jobs/labour

force, jobs/population.

» Using a jobs/housing imbalance indicator, similar to the Gini index to calculate
the equity of the jobs and housing availability (Bento, Cropper, Mobarak, &
Vinha, 2003, 2005). This was simply conducted by displaying the cumulative

proportion of employment and the cumulative proportion of population.

» The standard acceptable ratio used in local policy decision-making: is
considered to be 1.3to 1.7. Cervero (1996) suggested a value of 0.8 — 1.25 jobs
to housing ratio, and a value of 0.75 to 1.5 is sufficient to represent balanced.

The operational definition of JWR used in this thesis was taken to be the ratio between
the numbers of jobs to the number of employed residents. It was measured for each
suburb across the Perth metropolitan region. The index was calculated to be a range of
0.75 — 1.5. The range below 0.75 represents employed resident-rich suburbs and the

range above 1.5 represents job-rich suburbs.

4.1.2.7 The number of jobs

This thesis studied three industry sectors and a general index: (1) Construction, (2)
Manufacturing, (3) Retail trade and (4) all 19 sectors as a benchmark. The number of

jobs is the number of employments in place of work dataset.

The number of jobs was available from the ABS dataset at SA2 level and destination
zones (DZ). This thesis used the Destination zones dataset that were the smallest areas
in the hierarchical field for the Place of Work (ABS). A conversion from the

destination zones to the suburb dataset was performed (see section 4.2.3).
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4.1.2.8 Employed resident density

Employed resident density is the number of employed residents per area of a suburb.
ABS recorded the number of employed residents based on a person’s labour force
status (LFSP) for the week prior to census night. “Employed resident” referred to
persons aged 15 years and over who were either: (1) employed, and worked full-time,
or were (2) employed and worked part-time, or were (3) employed, and were away
from work®. Other categories of LFSP were not included in the analysis, such as the
unemployed and those not in the labour force (Australian Bureau of Statistics (ABS),
2011).

4.1.2.9 Job density (Jobd)

Job density is the number of job per area of a suburb.

4.1.2.10 Blue collar and managers/professionals employed resident or job

The data for employed residents (employed persons at a place of residence) and jobs
at a place of work were directly available from ABS, categorised by occupation. The
variables chosen were (1). the proportion of blue collar and (2) the proportion of white

collar (limited to professionals and managers) for each suburb.

The employment classification in ABS was based on occupation type and industry
type. The occupation type divided employment into 8 categories: Professionals,
Managers, Clerical and Administrative Workers, Technicians and Trades Workers,
Community and Personal Service Workers, Sales Workers, Labourers, and Machinery
Operators and Drivers. For this study, these 8 categories were re-classified into two
categories of employment, i.e. blue collar and manager/professional employment for
both place of residence and place of work data set.

The definition of blue collar and white collar workers in this thesis follows the ABS
standard. ABS defines blue collar and white collar workers based on the type of

occupation that were used for census data and other statistical data from 1996 to 2011

% includes persons who stated they worked but who did not state their number of hours worked or did
not work any hours in the week prior to Census Night (ABS Census Dictionary 2901.0 2011 p.115).
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for jobs classification. A blue-collar occupation refers to technicians, trade workers,
machinery operators and drivers, and labours. White collar occupations are managers,
professionals, community and personal service workers, clerical and administrative

workers, and sales workers®.

4.1.2.11 Vehicle ownership (average per household)

Vehicle ownership data was directly available from ABS. The data provided “the
number of registered motor vehicles owned or used by household members, garaged,
parked at or near private dwellings on census night” (ABS, 2010), in ranges. It
included company-owned vehicles but excluded scooters and motorbikes. The
published ranges for the number of motor vehicles were: (1). Zero motor vehicles, (2)
one motor vehicle, (3) two motor vehicles, (4) three motor vehicles, (5). Four or more
motor vehicles. All data applied to occupied private dwellings only. The number of
occupied dwellings was calculated for this study to be the total occupied dwellings
minus the reported number of “not stated” and “not applicable” responses. The average
vehicle ownership per household in each suburb was calculated for each vehicle
ownership category as this net number of occupied dwellings times the number of
vehicles in that category divided by the number of households or occupied dwellings
in that category.

4.1.2.12 The percentage of employed resident in each industry sector

This was simply the number of employed residents in each sector divided by the total

number of employed residents in each suburb.

4.1.2.13 The percentage of job in each industry
This was calculated as the number of jobs in each sector divided by the total number

of jobs in each suburb.

¢ (http://www.abs.gov.au/ AUSSTATS/ abs@.nsf/Previousproducts/
DB1BFFF6CB753F05CA257922000E2865?0opendocument#Endnotel2)
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4.1.2.14 The average suburb distance to train station based on the fishnet dataset

For the purposes of determining the station catchment area and the average distance of
a suburb to the nearest train station, a fishnet-based dataset (grid cells) was used. The
average suburb distance to a train station was calculated over all n fishnets in suburb
I, where the distance between each fishnet centroid to each station centroid was
calculated using a Euclidian (straight-line) distance.

There are two types of distances between suburbs and stations that are used separately

in train trip attraction model and train trip production model:

» The distance of the suburb from the boarding station, i.e. the distance from a
residential suburb to its nearest station. This data was used in train trip

production model.

« The distance of the suburb from the destination station, i.e. the distance from a
workplace suburb to its nearest station. This data is used in the train trip
attraction model.

4.1.2.15 Train station catchment radius

The effects of transportation improvements due to the Perth-Mandurah railway line
extension have been ongoing since the commencement of development in 2004 and
further following the opening of the railway in 2007. The dataset used in the model is
that of 2011. It is assumed that the 7 years following the commencement of
development and approximately 5 years following the opening of the railway
translated into a substantial growth in residential and business development and shifts
in land rent values, property values, and the number of jobs and population, especially
in the areas closer to the railway line extension. Thus, comparing the levels of effective
density, travel times, and train ridership between different railway lines and how they
have changed following the extension may demonstrate the existence of public
transport induced agglomeration. This thesis assumes that the current level of train
ridership has been influenced by the agglomeration process. This implies that the
determination of a catchment area would be dependent on the empirical data for train

ridership.
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The adopted catchment area definition, based on the observed train usage data,
followed the assumption stated in Blainey (2010) and Cervero et al. (1995). The
catchment station was delineated based on the assumption that people will always use
the station closest to them. Although this assumption may be a simplification and
people may choose the second or third closest station and so on, the limited policy
tools available force an emphasis on the importance of bringing potential destinations
and residences into greater proximity (lacono, Krizek, & EI-Geneidy, 2010). This

assumption simplifies the modelling process (Cervero et al., 1995).

In order to determine the spatial boundary of a train station catchment area, this thesis
used GIS software to allocate population and all the attributes of a suburb to their
nearest station, and to delineate the catchment boundary of a station based on those
identified suburbs. The allocation of population to their nearest station was applied

using the distance via road network in GIS.

Further investigation into the delineation of catchment areas followed the method used
in Cervero et al. (1995). “Catchment areas were defined as contiguous census tracks
which encompass the origins of 90% of all access trips to (BART) stations (or
destinations of 90% of all egress trips from station). The use of the 90 percent rank to
demarcate catchment areas was chosen to represent the distance at which the vast
majority of access trips are drawn. It was selected largely based on visual inspections
of the cumulative distance of access trips to all (BART) stations. Beyond 90 percent,
most access trips fall toward the extreme tail of the distance distribution. That is, some
people make fairly long access trips of 20 or more miles from the exurban and rural
fringes to reach suburban (BART) stations; however, these access trips represent
statistical outliers” (Cervero et al., 1995, pp. 40-41).

This thesis differs in concept between the catchment definition offered in Cervero in
the way that it measures the total catchment station averaged across all stations. Other
adjustments to this catchment area definition for this thesis consist of: first, the mode
of work travel taken into account was all modes involving trains. Therefore, only work
travel involving train was used from the ABS dataset. Second, the train ridership
distribution based on cumulative distance from a station and a distance cut off was

selected based on no further statistically significant increase in train usage was
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observed in the data. In this way, a 95% trips to origin stations for home-based trips
and 95% trips to destination stations was decided as cut off for catchment demarcation.
It was worth noting that at 90% of trips (as adopted in Cervero’s research), the
cumulative graph still showed an increasing trend of ridership. Therefore, the 95% cut-
off was deemed more relevant for the study area of this thesis. This 95% level of train
ridership was the cut-off point for the maximum catchment radii summed over the
whole metropolitan region. The cut-off point for the edge of the catchment coincides

with a radius of approximately 16 km (or 10 miles) distance from a station.
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Figure 4.1 Place of Residence dataset: 95% trips at 16 kilometres or 10 miles.
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Figure 4.2 Place of Work dataset: 95% trips at 16 kilometres or 10 miles.
Based on the above-mentioned calculation, this thesis assumed the edge of the station
catchment on average in the study area to be 16 km from train station. Thus, referring
to figure 3.3 of section 3.2, this 16 km distance represents the maximum distance from

train stations at which employed residents are still willing to commute by train (and
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by park and ride) and reach their job location. This means that 95% of commuters are
willing to travel by train where the distance of the station from residential and
workplace suburbs within 16 km. The bottom 5% of total ridership may be assigned
as statistical outliers. Research in Olaru et al. (2014) found that the average distance
of residential suburbs to their boarding stations for park and ride trips to work in the
Perth metropolitan region is 6.07 km. The assumption of 16 km maximum distance to
the boarding station in this thesis for 95% of train ridership is therefore a reasonable

assumption.

4.2 PREPARATION OF INDEPENDENT VARIABLES

The main objectives of this section are to describe the data preparation in relation to
the independent variables that were input for various models. The process included:
(1) data cleaning, which aims to remove any noise from the data such as any outliers
or extreme values from the dataset (2) data transformation to prepare the data in order
to remove these outliers. These steps included descriptive statistics and histogram
displays for outlier detection and the transformation of continuous data into another
continuous variable to reduce the impact of outliers. This is so that the statistical results
can reflect all suburbs and avoid dependence on one or two suburbs; (3)
Aggregation/segregation of unit analysis (observation) for consistency, due to that fact
that data were obtained at different geographic levels or due to the presence of

fractured data.

4.2.1 DATA CLEANING

Identification of any problems that might be embodied in the data was performed by
checking the main data features such as centrality measures and dispersion measures
of the data to reflect the normality distribution of data.

Central tendency of the data was examined using the sample mean and median. The
comparison of mean and median indicates how symmetric the distribution of variables
in the population is, relative to its centre. The difference in the two calculations may
be used as an indication of skewness (Blischke et al., 2011). A positively skewed
distribution refers to a distribution that is skewed to the right, indicating that most of

the values were concentrated in the lower portion of the distribution. A negative
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skewed or the left skewed distribution means a greater number of higher values in the
data set (Hensher, Rose, & Green, 2005). A non-normal distribution may exhibit data
with potential outliers. Identifying outliers can be conducted by plotting a histogram
of the data, then identifying whether a non-normal distribution is apparent from

outlying or non-linear data.

Among the dataset, variables with an approximately normal distribution without any
substantial skewness are displayed in table 4.1. For example, the proportion of jobs in
managers/professionals occupations for a suburb in the Perth metropolitan region on
average is 0.32 jobs per total (32%) and the median is 0.31. This variable had the most

similarity between mean and median.

Table 4.1 The list of variables with a normal distribution

Variable Mean Median Std Dev  Skewness
Proportion of train trip 0.0731 trips per total  0.0709 0.04 0.555
production employed residents
(ptrain_wo) or 7.31%

Proportion of job in 0.32 jobs per total 0.31 jobs per  0.0867 0.856
managers/professionals jobs or 32% total jobs
occupation
(p_manpr)
Proportion of job in blue collar  0.29 jobs per total 0.265 jobs per 0.11 0.767
occupation jobs or 29% total jobs
(p_blu)
Hourly wages of employment of ~ $32.4 per person per  $32.1 per $4.34 0.558
managers/ professionals job hour person per
occupation (inc_mp) hour
Hourly wages of employment of  $21.27 per person $21 per $3.8 0.946
blue collar job occupation per hour person per
(inc_blu) hour
Proportion of employed 0.3396 employed 0.3211 0.125 0.413
resident in resident per total or ~ employed
managers/professionals 33.96% resident per
occupation total
(pmanpr_r)
Proportion of employed 0.3286 employed 0.33 0.115 0.068
resident in blue collar resident per total or ~ employed
occupation 32.86% resident per
(pblu 1) total
Proportion of employed 0.1021 employed 0.1032 0.035 0.020
resident in the construction resident per total or ~ employed
sector (p_wocon) 10.21% resident per

total
The level of car ownershipina  1.88 cars per 1.88 carsper 0.414 -0.929
household occupied dwellings  occupied
(car_own) dwellings
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Employed resident density 609.6 employed 634 employed  462.3 0.497
(wod) resident per sq km of  resident per sq
land area km of land
area
Employed resident density in 58.18 employed 57.16 44.9 0.477
the construction sector resident in the employed
(wodc) construction sector resident in the
per sq km of land construction
area sector per sq
km of land
area
Employed resident density in 47.9 employed 48.2 36 0.363
the manufacturing sector resident in the employed
(wodm) manufacturing resident in the
sector per sq km of manufacturing
land area sector per sq
km of land
area
Employed resident density in 62.2 employed 67.8 46.24 0.389
the retail sector resident in the retail ~ employed
(wodr) sector per sq km of resident in the
land area retail sector
per sq km of
land area
Effective employed resident 11.85 (in 1000 units)  12.217 (in 2.771 (in  -0.068
density in 1000 units or 11,850 employed 1000 units) or 1000
(edertt1000) resident 12,217 units)
opportunities employed
resident
opportunities
Effective employed resident 6.02 (in 100 units) 6.05 (in 100 1.94 (in 0.180
density of the construction or 602 employed units) or 605 100
sector in 100 units resident employed units)
(ederttc100) opportunities resident
opportunities
Effective employed resident 9.32 (in 100 units) 9.40 (in 100 1.98(in  -0.174
density of the manufacturing or 932 employed units) or 940 100
sector in 100 units resident employed units)
(ederttm100) opportunities resident
opportunities
Effective employed resident 5.04 (in 100 units) 5.21 (in 100 1.87 (in 0.141
density of the retail sector in or 504 employed units) or 521 100
100 units resident employed units)
(ederttr100) opportunities resident
opportunities

On the other hand, some variables were distributed with a skew to the right or left,
where the value of the median was either less than or greater than the value of the mean
respectively. These variables are presented in table 4.2. A general rule was to consider
any values that were not found in the interval between + 2 standard deviations of the

mean as potential outliers. This assumes that the non-normal distribution of data was
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largely influenced by outliers or extreme values in the data. A normal distribution has
the property that the mean, mode, and median are coincident at the point of symmetry
of the distribution. Approximately 95% of data lie between -2 and +2 standard
deviations from the mean (Stopher, 2012, p. 46). This assumption simply states that
2.5% of data in the left-side tail of the distribution and 2.5% in the right-side tail may

be regarded as “outliers”.

Table 4.2 List of variable with skewed distribution and its related mean and median

Variable Mean Median Std Dev Skewness
The number of train trip 146.65 persons 7.85 1476.66 16.936
attraction daily on average
(train_w) to a suburb
Proportion of train trip 0.0216 trips per 0.0131 0.0348 5.329
attraction total or 2.16%
(ptrain_w)
The number of train trip 171.7 persons 108.5 186.78 2.252
production daily on average
(train_r2) from a suburb
All job number (from total 19 2010.7 jobs 722.5 jobs 5405.5 10.869
sectors)
(all_job)
Proportion of job in the 0.0978 jobs per 0.0828 0.006 2.307
construction sector total or 9.78%
(p_jobcon)
Proportion of job in the 0.0665 jobs per 0.035 0.0809 2.593
manufacturing sector total or 6.65%
(p_jobman)
Proportion of job in the retail 0.117 jobs per 0.098 0.08 1.133
sector (p_jobret) total or 11.7%
Public transport supply by 893,395 411,960 1,353,034  4.841
buses network
(ptiori)
Centrality suburb by road 11,883 meters 10,981 meters 3,002 1.270
network travel distance (11.883 km) (10.981 km) meters
(strio) (3.002 km)
Average distance of a suburb 5.87 km 4.26 km 4.9 2.390
from train stations
(ave dist)
Job density 464 jobs per sq 191.5 jobs per  1042.09 6.029
(jobd) km of land area sg km of land

area

Job density in the construction ~ 31.05 jobs per sq 15.124 60.5 5.778
sector km of land area
(jobdc)
Job density in the 28.8 jobs per sq 4.98 73.7 4.788
manufacturing sector km of land area
(jobdm)
Job density in the retail sector 48.79 jobs per sq 19.3 82.18 3.317
(jobdr) km of land area
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opportunities

Job to employed resident ratio ~ 19.84 jobs per one  0.38 171.2 11.049
(jwr) employed resident
Job to employed resident ratio ~ 18.7 jobs perone  0.298 142.9 8.812
in the construction sector employed resident
(jwrc)
Job to employed resident ratio ~ 41.85 jobs perone  0.17 343.6 9.004
in the manufacturing sector employed resident
(jwrm)
Job to employed resident ratio ~ 10.3 jobs perone  0.39 90.87 11.581
in the retail sector employed resident
(jwrr)
Proportion of employed 0.0889 employed  0.0822 0.05 7.008
resident in the manufacturing resident in the
sector manufacturing per
(p_worker_man) total or 8.89%
Proportion of employed 0.1025 employed  0.1031 0.027 1.661
resident in the retail sector resident in the
(p_woret) retail per total or
10.25%
Income of employed residentin ~ $36.39 per person ~ $37.5 $7.48 -2.873
the managers/professionals per hour
occupation
(inc_pr r)
Income of employed residentin ~ $26.25 per person ~ $26.5 $4 -2.811
the blue collar occupation per hour
(inc_blu_r)
Land value of residential land $1,301.7 per sq $1,057.4 $1092 1.699
uses meters.
(lvr)
Land value of non-residential $1,492.8 per sq $1,212.96 $1,195.9 1.266
land uses meters.
(lvnr)
Effective job density in 1000 10.416 (in 1000 9.689 (in 1000 4.7 (in 5.267
units (ejdtt1000) units) or 10,416 units) or 9,689 1000 units)
job opportunities  job

opportunities
Effective job density of the 4.04 (in 100 units)  3.47 (in 100 2.73 (in 5.266
construction sector in 100 units  or 404 job units) or 347 100 units)
(ejdttc100) opportunities job

opportunities
Effective job density of the 7.81 (in 100 units)  7.04 (in 100 3.77 (in 3.989
manufacturing sector in 100 or 781 job units) or 704 100 units)
units (ejdttm2100) opportunities job

opportunities
Effective job density of the 4.72 (in 100 units)  3.98 (in 100 3.32 (in 3.095
retail sector in 100 units or 472 job units) or 398 100 units)
(ejdttr100) opportunities job

A graphical method to perform this analysis was obtained using histogram analysis

with normal distribution plots (appendix 6-8 of chapter 4). In order to solve the
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problem of non-normal distributions, a method to remedy the skewness of data for the
above-mentioned variables was conducted by data transformation.

4.2.2 DATA TRANSFORMATION

Four transformation methods were used in this thesis, namely: (1). Natural logarithm
transformation, (2). Square root transformation, (3). Square transformation, (4).
Inverse transformation (Berg, Hoefsloot, Westerhuis, Smilde, & Werf, 2006). The
predictor variables were examined graphically by histogram with normality plots
before and after transformation to check if the skewness and non-normality of the
distribution had been improved by the transformation method (appendix of chapter 4).
Only two transformations were successful in reducing the effect of outlier data and
improving the normality of the explanatory variables: the logarithm transformation
and the square root transformation. The logarithm transformation and the square root
transformation convert the original score data into the transformed data as per the

following equations:

Natural logarithm transformation:

%; = In(x;) Equation 4.3
Square root transformation:

% =1x Equation 4.4

Whereas:
X; = the value of variable x post-transformation for the observation i.
x; = the original score of variable x for the observation i

Both transformations were found to be useful in making skewed distributions more
symmetric, such that they reduced more of the higher values than the lower values,
thus reducing the ranges and the standard deviation of a variable (Berg et al., 2006).
For example, the original scores for the average distance of a suburb from train stations
had a mean of 5.87 km, median of 4.26 km and a standard deviation of 4.9 km. Post-
transformation, into log natural of average distance, the mean, median and standard

deviation became 1.5, 1.45 and 0.687 in the log scale respectively. The resultant
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means, medians and standard deviations post-transformation for the skewed variables
are presented in table 4.3. Compared to the original score, the normality distribution

of these variables has been considerably improved.

The results of the histogram analysis are shown in the appendix 3 to 8 of chapter 4. In
general, the natural logarithm transformatiom (In) was able to correct the non-
symmetric data into an approximately normal distribution. Only two variables, the
public transport supply and land value of non-residential land use were transformed
using the square-root transformation for further improved results. A few other
variables remained in their original form due to (1) the original scores already having
a normal distribution (listed in table 4.1), or (2) the failure of all methods in the
transformation process (table 4.4). Table 4.3 presents the variables with successful
transformations, resulting in approximately equal means and medians post-

transformation.

Table 4.3 List of variable and its corresponding mean and median value post-
transformation

Variable Mean Median Std Dev  Skewness
Ln of the proportion of train trip -4.565 -4.262 14 -0.490
attraction
(In_ptrainw22)
Ln of the proportion of train trip -2.78 -2.76 0.87 0.729
production
(In_train_wo)
Square root of the public transport  746.3 641.8 581 1.050

supply by buses network
(sqrt_ptiori)

Ln of centrality suburb by road 9.35 9.30 0.23 0.795
network travel distance
(In_strio)

Ln of average distance of a suburb 1.5 1.45 0.687 0.416
from train stations
(In_avedist)

Ln of job density 4.96 5.25 1.75 -0.613
(In_jobd)

Ln of job density in the 25 2.7 1.6 -0.743
construction sector
(In_jobdc)

Ln of job density in the 1.75 1.6 1.8 0.190
manufacturing sector
(In_jobdm)

Ln of job density in the retail 2.85 3.0 1.58 -0.129
sector
(In_jobdr2)
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ratio
(In_jwr)

Ln of job to employed resident -0.675 -0.968

151

2.297

ratio in the construction sector
(In_jwrc)

Ln of Job to employed resident -0.87

1.55

2.453

ratio in the manufacturing sector
(In_jwrm2)

Ln of job to employed resident -1.3

1.92

1.980

ratio in the retail sector
(In_jwrr2)

Ln of job to employed resident -0.775 -0.9

1.56

1.365

uses
(In_Ivr)

Ln of land value of residential land 6.77

6.96

1.035

-1.021

residential land uses
(sr_lvnr)

Square root of land value of non- 35.4

34.8

154

0.267

Unsuccessful transformation mainly related to the data from the job database that were

derived from the conversion of a destination zones classification into a suburbs

classification. For these variables, their post-transformation distribution made the

overall regression model-fit worse than without the transformation; such that the newly

transformed t-test value for the corresponding variable was lower than that of the

original variable. Therefore, in these cases, the original variables were included instead

of the transformed variables.

Table 4.4 List of variable and its corresponding mean and median value in its
original scores without the transformation

Variable Mean Median Std Dev

All job number (from total 19 sectors) 2,010.7 jobs 722.5 jobs 5405.5
(all_job)
Proportion of job in the construction 0.0978 jobs per 0.0828 0.006
sector total or 9.78%
(p_jobcon)
Proportion of job in the manufacturing  0.0665 jobs per 0.035 0.0809
sector total or 6.65%
(p_jobman)
Proportion of job in the retail sector 0.117 jobs per total ~ 0.098 0.08
(p_jobret) or11.7%
Proportion of employed resident in the ~ 0.0889 employed 0.0822 0.05
manufacturing sector resident in the
(p_worker_man) manufacturing per

total or 8.89%
Proportion of employed resident in the  0.1025 employed 0.1031 0.027
retail sector resident in the retail
(p_woret) per total or 10.25%
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Income of employed resident in the $36.39 per person $37.5 $7.48
managers/professionals occupation per hour

(inc_pr r)

Income of employed resident in the blue  $26.25 per person $26.5 $4
collar occupation per hour

(inc_blu_r)

The main reason that transformation could not improve some non-normal distributions
was due to the presence of extreme outliers in those distributions. This required further
data cleaning to remove outliers by: (1) removing the observations with extreme
values, if this occurred in more than one variable for that observation; and (2)
imputation methods, if the observation had an outlier value in only one variable. The
outlier value was in this case replaced by the mean value or by the next lower or higher

value in the data set.

There were some observations where the numbers of train ridership at place of
residence and place of work were found to be zero, for example in suburbs of Bickley,
Nowergup, Oldbury, Piesse Brook, O’Connor (WA), Henderson, Naval Base,
Neerabup, Welshpool (WA), and Kwinana Town Centre. In these cases, the
replacement method was used by adding the number of train ridership by one for all
observations to eliminate the zero value while maintaining the level of variance in
these data. The non-zero value was required since the dependent variable had to be

transformed into log natural distribution.

The variable for public transport supply by bus network was affected by a high number
of observations with zero values, involving approximately 20 observations and
suburbs. Observations with zero values were either due to missing data or due to no
public transport service available in the area. This thesis replaced the zero values with

the next lowest value in the data set.

The two other variables with outlier values were the average distance of suburb to train
station and the effective density. An extreme value for average distance to train station
and other variables was recorded for the suburb Wooroloo, and suburbs Mandogalup
and Keysbrook recorded extreme values for some agglomeration variables. These
three suburbs were removed from the data set of both place of residence and place of

work.
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In conclusion, the overall model variables are listed in table 4.5.

Table 4.5 List of predictor variables used in the LUTI and the SETI-LUTI model

LUTI based Regression SETI-LUTI based Regression

Proportion of employed resident in blue
collar occupation
(pblu_r)

Proportion of employed resident in blue collar
occupation

(pblu_r)

Proportion of job in blue collar occupation
(p_blu)

Proportion of job in blue collar occupation
(p_blu)

Proportion of employed resident in
managers/professionals occupation
(pmanpr_r)

Proportion of employed resident in
managers/professionals occupation

(pmanpr_r)

Proportion of job in managers/professionals
occupation

(p_manpr)

Proportion of job in managers/professionals
occupation

(p_manpr)

Proportion of employed resident in the
construction sector
(p_wocon)

Proportion of employed resident in the
construction sector
(p_wocon)

Proportion of employed resident in the
manufacturing sector
(p_worker_man)

Proportion of employed resident in the
manufacturing sector
(p_worker_man)

Proportion of employed resident in the retail
sector

Proportion of employed resident in the retail
sector

(p_woret) (p_woret)
All job All job
(all_job) (all_job)

Proportion of job in the construction sector
(p_jobcon)

Proportion of job in the construction sector
(p_jobcon)

Proportion of job in the manufacturing
sector
(p_jobman)

Proportion of job in the manufacturing sector
(p_jobman)

Proportion of job in the retail sector
(p_jobret)

Proportion of job in the retail sector
(p_jobret)

Income of employed resident with
managers/professionals occupation
(Incpr_r)

Income of employed resident with
managers/professionals occupation

(Incpr_r)

Income of employed resident with blue collar
occupation
(inc_blu_n)

Income of employed resident with blue collar
occupation
(inc_blu_r)

Income of employment with
managers/professionals job occupation
(Inc_mp)

Income of employment with
managers/professionals job occupation
(Inc_mp)

Income of employment with blue collar job
occupation

Income of employment with blue collar job
occupation

(inc_blu) (inc_blu)
Average vehicle ownership Average vehicle ownership
(car_own) (car_own)

Square root of public transport
(sqrt_ptiori)

Square root of public transport
(sqrt_ptiori)

Log natural of road network travel distance
(In_strio)

Log natural of road network travel distance
(In_strio)
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Log natural of average distance of a suburb
to train stations

Log natural of average distance of a suburb to
train stations

(In_avedist) (In_avedist)
Ln of land value of residential land uses Ln of land value of residential land uses
(In_Ivr) (In_lvr)

Square root of land value of non-residential
land uses

Square root of land value of non-residential land
uses

The construction: (wodcon)

The manufacturing: (wodman)
The retail: (wodret)

Log natural of job density
(In_Jobd)

The construction: (In_jobdcon)
The manufacturing: (In_jobdman)
The retail: (In_jobdret)

(sr_Ivnr) (sr_lIvnr)
Employed resident density Employed resident density
(wod) (wod)

The construction: (wodcon)

The manufacturing: (wodman)
The retail: (wodret)

Log natural of job density
(In_Jobd)

The construction: (In_jobdcon)
The manufacturing: (In_jobdman)
The retail: (In_jobdret)

Log natural of Job to employed resident
ratio

(In_jwr)

The construction: (In_jwrc)

The manufacturing: (In_jwrm)

The retail: (In_jwrr)

Log natural of Job to employed resident ratio
(In_jwr)

The construction: (In_jwrc)

The manufacturing: (In_jwrm)

The retail: (In_jwrr)

Interaction variables

Employed resident density and distance to
train station

(wod_In)

The construction: (wodc_In)

The manufacturing: (wodm_In)

The retail: (word_In)

Job density and distance to train station
(Injobd_In)

The construction: (Injobdc_In)

The manufacturing: (Injobdm_In)

The retail: (Injobdm_In)

Interaction variables

Employed resident density and distance to train
station

(wod_In)

The construction: (wodc_In)

The manufacturing: (wodm_In)

The retail: (word_In)

Job density and distance to train station
(Injobd_1In)

The construction: (Injobdc_In)

The manufacturing: (Injobdm_In)

The retail: (Injobdm_In)

Effective employed resident density
(edertt1000)

The construction: (ederttc100)

The manufacturing: (ederttm100)
The retail: (ederttr100)

Effective job density

(ejdtt1000)

The construction: (ejdttc100)

The manufacturing: (ejdttm100)
The retail: (ejdttr100)

Interaction variables

Effective employed resident density and distance
to train station

(edertt_In)

The construction: (ederttc_In)

The manufacturing: (ederttm_In)

The retail: (ederttr_In)

Effective job density and distance to train station
(ejdtt_In)

The construction: (ejdttc_In)
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The manufacturing: (ejdttm_In)
The retail: (ejdttr_In)

4.2.3 DATA AGGREGATION AND CONVERSION

The further problem of fractured data emerged, since the secondary data were collected
from different sources and data were required to be classified with respect to
administrative boundaries at the suburb level. This problem mainly occurred for data
from the place of work dataset. “Fractured data” corresponds to the problems of data
incompatibility or mismatch that arise from multiple sources or data obtained at
different spatial levels (Blischke et al., 2011).

Most of place of work data were provided by the ABS for SA2 (Statistical Area Level
2) and destination zones (DZN) spatial categories. Conversion of spatial boundaries
from the SA2 regions and DZN regions into suburb regions was performed using GIS
software and simple arithmetic. In addition, travel time matrix data taken from the
STEM model (Department of Planning of Western Australia) were subject to a
conversion from traffic zones into suburb regions, using the same methods. Table 4.6

presents the spatially fractured datasets and the method required to convert the data.

The method of conversion and aggregation used was based on a weighting by land
area (Dell, 2009). Generally, the maps to be overlaid are in the same projection systems
where the unit of measure is in metres. Maps with different administrative boundaries
are intersected using the Intersect tool. The centroids of suburbs in question are then
matched to the nearest centroid of other administrative areas from the data sources. All
zonal statistics data are exported to a .dbf file and also processed in Excel software for
further calculation. A record of the conversion process for each source of data is shown
in table 4.6 and the conversion process performed for variables is shown in equation
4.5.

Table 4.6 The fractured data and method of aggregation and conversion

Source of data GIS by AGGREGATION
ABS Census data for Match the SA2 and DZN boundary with the suburbs boundary in GIS
Place of work mapping

Result in159 SAZ2 to be converted into 339 matching suburb boundaries.
Result in 990 DZN to be aggregated into 339 suburbs.
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Convert the value based on the calculated conversion ratio of land area
between suburb and its paired SA2 and between DZN member of each
suburbs and its corresponding suburb.
Travel time (matrices ~ Match each of the travel zone boundaries with the suburbs boundary in
data) based on street GIS mapping.
network and railway Convert the value based on matching suburbs pairs and travel zones
line network data pairs.
Several steps of GIS procedure were conducted in order to convert the
spatial geography of traffic zones into suburbs. The conversion of travel
time matrix from the 484 x 484 traffic zones matrix results in the
335x335suburbs” matrix of suburb geographical boundary (missing 4
suburbs in the dataset due to incomplete of paired traffic zones that
corresponded to these four suburbs).

Variables that were subject to conversion consisted of all variables at place of work
dataset, such as the number of jobs in all sectors and for each sector, job-housing
balance, job density, wage level at place of work, the numbers of train trip attraction,
and other socio-demographic variables such as occupation types. All these variables
were converted from the destination zones dataset, except for that of wages, which
were converted from the SA2 or Statistical area level 2. An example of a conversion
(for the numbers of train trip attraction at suburb of place of work) sourced from
destination zones data is as follows:

trainatt; = Y4, landwtg,, * trainatty, Equation 4.5
Where:

trainatts = The number of train trip attraction at suburb in question.

landwt,, = The land area proportion of each suburb that pertains to the original

administrative destination zone.
trainatt,, = The number of train trip attraction at destination zone.

The area weighted calculation expresses the percentage of the originally-classified area
contained within the new area classification (ABS, 2014)8. Theis represents a ratio of
the area of overlap calculated using a GIS system. For example, a 2011 suburb may be
made up of 70% of one DZN plus 30% of another DZN.

7 Only data from 316 suburbs are used
8 Australian Statistical Geography Standard (ASGS) Correspondences (ABS, 2014).
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It is essential that all datasets are in the same coordinate system before performing
such calculations that involved multiple layers (Dell, 2009).

4.3 CHAPTER SUMMARY

This chapter has described all essential aspects of model preparation. The multiple
linear regression with limited dependent variables in a form of log natural
transformation was used for the model predictions. The process of data cleaning and
data transformation of dependent variables was mostly related to attempts to reduce
the heteroscedasticity of the original datasets, and the data transformation of
independent variables was mostly related to the problem of outliers. Thus, log natural
transformation was used in many cases to correct this. The data aggregation to a suburb
level for the place of work dataset was expected to create more manageable or
interpretable results since the source of data was on a smaller scale (such as that for
destination zones and traffic zones). Only one variable, i.e. wage data, was sourced
from a higher level dataset; that of the Statistical area level 2. However, wage tends to
be constant or similar between SA2 and suburb areas due to the fact that wage level is

independent from the size of classification area.

The construction of a fishnet database was an attempt to build a more rigorous method
for the calculation of distance between a suburb and train station. This variable is a
proxy for train station accessibility, and thus essential in defining the geographical
extent of agglomeration around a station, as the focal point of public transport induced
agglomeration. In addition, the curve fitting of a distance decay equation is more
precise by using the fishnet database, which provides more observations, with a greater
sample size of more than 11,000 fishnets (compared to the 316 suburbs), to be fitted

into the exponential distance decay equation.
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CHAPTER 5. PUBLIC TRANSPORT INDUCED
AGGLOMERATION

R R A AN

This chapter concerns the reasoning that links transportation system development to
agglomeration and to travel behaviour, which should hold in principle if changes in
these spatial interactions are due to public transport-induced agglomeration. Public
transport-induced agglomeration may be defined as the concentration of economic
activities and the clustering of offices, shops, entertainment centres, and other land-
uses that emerge around public transportation stops (Weisbrod & Reno, 2009). This

causal link is based on the following research assumptions:

(i) A new railway line extension would improve accessibility of a location;
resulting in lower travel impedance between suburbs. It is expected to increase
the willingness to travel and other spatial interactions. An increase in
accessibility is associated with the increase in potential for transit demand
(Melo et al., 2013).

(if) A transport “shock” such as a railway line extension would change the
accessibility of a location, and those changes imply that the station may be used
as the focal point for spatial variations (Hensher et al., 2012). A location closer
to the train station is expected to have a higher effective density. These spatial
patterns form clusters of high effective density near the train station and imply
a distance decay pattern away from the train station.
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This thesis assumes that increasing train ridership before and after the extension and
the emergence of the spatial decay patterns around stations are indicative of transport-
induced agglomeration. Therefore, this thesis has quantified public transport-induced

agglomeration using three measurements:

(i) A before-after railway line extension analysis. Changes in travel time, the
effective density and train ridership before-and-after extension have been
examined in areas around the Mandurah line, which was subject to the
extension project. If the rate of change of agglomeration around the Mandurah
line is much higher than that of the other lines, this may suggest that some of
these changes may be due to the transport infrastructure development.

(ii) A spatial distribution of agglomeration in terms of clustering analysis.

(iii) A spatial distribution of agglomeration in terms of spatial decay phenomena.
Clustering and spatial decay of high effective density away from station may
indicate transport induced agglomeration.

These three measurements relate to first research hypothesis (section 3.2) which
concerned the effect of transportation investment in terms of public transport-induced
agglomeration and the spatial distribution of agglomeration. Preceding this
investigation is the process of calculating effective density within different sectors of

the economy and for all sectors.

5.1 BEFORE-AFTER EXTENSION ANALYSIS
5.1.1 Method of calculating effective density

The magnitude of agglomeration in terms of effective density was measured for both
effective job density and employed-resident effective density. Following the formula
of Graham (2007, see equation 3.1), this thesis calculated the magnitude of
agglomeration in each sector (rewritten in this section):

Eim Zl’i]' Ejm

Aim = \/ﬁ i e Equatlon 51

ij

Where:
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A;n, = the effective density of job (employed resident) of suburb i in sector m. Where
m= (all total sectors, construction, manufacturing, and retail).

E;, = the level of activity, i.e. the number of jobs (employed residents) of sector m
available in suburb i.

Ej,, = the level of activity, i.e the number of jobs (employed residents) of sector m
available in suburb j where suburb i# suburb j.

A; = land area of suburb i.

ttij = travel time (by park and ride) between location i and j, as defined in section 4.1.2.2
of chapter 4. The travel time park and ride consisted of the time spent to access the
origin station by cars, plus the time spend in-vehicle (in-vehicle time), and the egress
time from the alighting station to the final destination. Thus, the calculation of
agglomeration has considered the influence of both train and car accessibility.

a = the travel time decay parameter of agglomeration.

Whereas o was estimated separately based on the gravity model since the gravity
model measures spatial interaction of i and j that are weighted by the cost of their

interaction:

Ty = viw’f;; Equation 5.2

fij = exp(—pC;;)  Equation 5.3

Where:

T;; = the number of trips by train between suburb i and j.

v = the size of the employed resident of the residential suburb i. It is measured based

on each sector of the economy in question.

w = the size of the jobs in workplace suburb j. It is measured based on each sector of

the economy in question.

fij= the time decay function of the gravity model. It represents the impedance to travel

or the deterrence in the interaction between locations.

C;; = travel time by park-and-ride between suburb i and suburb j.
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B = the level of deterrence or impedance to travel. It also represents the willingness of
individuals to travel, given the distribution of activities and the conditions of the

transportation network.

This thesis used a negative exponential form of gravity model as specified in equation
5.3.

The decay parameter stated in the travel impedance function (—f) the gravity model
is then used as the decay parameter a in equation 5.1 (Iacono et al., 2008). These
values are modelled separately based on the sector of economy (total of all sectors,

manufacturing, construction and retail.

5.1.2 Result

The modelling resulting from equations 5.2 and 5.3 produced the alpha values for all
sectors to be 1.1; for construction, 1.3; for manufacturing, 1.1; and for the retail sector,
1.4. In comparison, the a value proposed in Graham (2007) was 1.0 for the
manufacturing sector, 1.8 for the consumer business and service sector, and 1.6 for the
construction sector. Other research has attempted to apply different o values. For
example, the measurement of employment effective density in assessing the wider
economic impacts of transport infrastructure investment in the north-west rail link
project in Sydney assumed an a value of 1.11 for all industry types (Hensher et al.,
2012).

Based on these results of o estimations, the effective density based on travel times in
2006 (before extension) and in 2011 (after extension) were then calculated based on
equation 5.1. This thesis assumes that any increase in the effective density post-
extension was a result of the changes in travel time between suburbs, and thus assumes
a constant number of jobs and employed residents in the equation. There was an issue
of data availability for the job dataset for 2006, since the conversion of different
geographical boundaries provided by the Austalian Bureau of Statistics (ABS)
censuses for place of work data in 2006 for this thesis was not successful. However,
transportation improvements should be able to be related to effective job density

without necessarily following the changes in physical job numbers, provided that
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travel times are used to indicate the relative positions of these job numbers with respect
to the reference point (Hensher et al., 2012). Thus, improving travel times between
locations may be directly translated into accessibility improvements, and as such, the
reduction of 20% travel times between locations in a particular direction will have an
equivalent effect to moving the employment 20% closer in that direction (Graham &
Melo, 2010). Therefore, by this assumption, the increases in the effective density from
inferred travel time improvements post-extension are expected to have an equivalent
effect to having higher job density, without literally moving jobs or employed residents

in the study area.

The associations between the changes in travel time and effective density, due to the
Perth-Mandurah railway line extension, to the changes in train ridership were
examined by a correlation analysis, in order to test the possibility of public transport-

induced agglomeration.

The Perth-Mandurah extension has improved travel time and accessibility between
locations, especially those suburbs located along the railway line. Assessment of this
involves the calculation of delta travel times, based on matrices of travel time data
between travel zones, produced by Department of Planning (DoP) between 2006 and
2011. These matrices were subject to a conversion into suburb matrices for the purpose
of this thesis. The results of these travel time conversions have been input into
Graham’s effective density formula for each of the 2006 and 2011 datasets. The change
in effective job density and effective employed resident density between 2006 and
2011 was then obtained. Obviously, the correlation between travel time changes and
effective density changes may be expected to be high as the effective density is a
function of travel time. However, this thesis is further interested in analysing the
correlation between travel time changes and train ridership for observed census data
for 2006 and 2011, and between the effective density changes and train ridership
within the same period.

On the overall figures, table 5.1 informed the average Park-and-Ride travel time for
the Perth metropolitan region was 109.6 minutes in 2006 and decreased to 79.15

minutes in 2011. In detail, this refers to the time for one suburb in the Perth
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metropolitan region to reach or to be reached from any other suburb on average, based
on the Park-and-Ride travel time network. Thus, by 2011, the overall travel time had

improved by approximately 38.5% on average.

Based on the effective density figures in 2006 and 2011 in table 5.1, the average
metropolitan region agglomeration of jobs increased by 2,226 units (+27%) for the
total agglomeration of all jobs, 82 (25.6%) in construction, 161 (26%) in
manufacturing, and 90 (23.5%) in retail. The changes in agglomeration of employed
residents consisted of 2,980 (33.5%) for the total employed residents, 120 (24.8%) in
construction, 214 (29.75%) in manufacturing, and 90 (21.7%) in the retail sector on
average. The manufacturing sector gained the highest changes among the three sectors

for the 2006-2011 periods, both in jobs and effective employed resident density.

The changes in travel time have been examined in more detail based on the suburbs
most adjacent to railway stations. These were limited to an area within 3 km of the
train station, except for Clarkson, which has a larger distance of approximately 5 km,
and Neerabup (around 8 km distance), since those two areas have very large job
catchment areas and are located at the end of Joondalup line. There are 12 suburbs
directly adjacent to stations along the Mandurah railway line: these as Perth (WA),
Bateman, Bertram, Bull Creek, Cockburn Central, Como (WA), Coolongup, Jandakot,
Leeming, Murdoch, Permelia, and Wellard. Twelve suburbs are also directly adjacent
to stations along the Fremantle line, 10 suburbs on the Midland line, 17 suburbs on the

Joondalup line, and 16 suburbs on the Armadale/Thornlie line.

As reported in the table 5.1, the Perth-Mandurah railway line extension has reduced
travel time to and from suburbs located adjacent to the line (stations), by an average
of 42.84 minutes (or a 57.29% improvement). The improvement in travel time for the
other railway lines ranged from 33 to 38%. Overall, the changes in travel time and
effective job or employed resident density, before and after the railway line extension,
were much higher for suburbs adjacent to stations along the Mandurah line than those

suburbs adjacent to other lines or to the average for the Perth metropolitan area.

The two-sample wunequal variance t-test was conducted to show these

similarities/differences in the changing rates between railway lines (table 5.2). Table
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5.2 shows that the t-test concluded that there is enough evidence to reject the null
hypothesis, i.e. the changes in travel times for the Mandurah line are significantly
different to the changes for other lines at the 99% level of confidence. Conversely, the
changes of travel time between railway lines other than the Mandurah line were similar
in magnitude (there was not enough evidence to reject the null hypothesis at 99% level
of confidence), with a few exceptions, such as that for the Fremantle to Armadale line.
In short, the travel time improvement for suburbs on the Mandurah line was
approximately 1.33 times larger in absolute-terms compared to other suburbs and 1.5

times larger in percentage changes.

The increased effective densities of the suburbs adjacent to the Mandurah line are
equivalent to moving jobs in construction 34.26% closer to these suburbs, and
manufacturing and retail 49.5% and 34% closer, respectively. Similarly, the
improvements in travel time increased the effective density in a way that was
equivalent to moving employed residents in construction 48.45% closer to these
suburbs, and 52.7% for manufacturing and 40.5% for retail. The reductions of travel
times for other railway lines were in the range of between 25 to 28%. These travel time
improvements translate into an increase in effective density in suburbs adjacent to

stations of around 11-30%.

The increase in agglomeration of employed residents was higher than that for jobs.
Armadale experienced the highest increase after Mandurah, while Joondalup
experienced the lowest increase. In terms of agglomeration of jobs, Armadale also had
the highest increase after the Mandurah line, and Fremantle experienced the lowest. In
short, the increase of effective density of jobs in absolute-term for suburbs along the
Mandurah line was 1.78 times larger than that of the average for the Perth metropolitan

region, and 1.585 times larger for effective employed resident density.
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Table 5.1 The percentage changes in travel time and agglomeration for the period

2006 - 2011
Railway line  Ttime Agglomeration of Job changes Agglomeration of Employed
changes (delta increase and %) resident changes (delta increase
in and %)
minutes
(%)
Average All Con Man Ret All Con Man Ret
value
Mandurah 42.84 3,963 146 277 152 4,722 203 358 159
(57.29%)  (36.7%)  (34.26%) (49.5%) (34%) (57.25%) (48.45%) (52.7%)  (40.5%)
Fremantle -25.44 2,306 79 155 9% 2,997 117 200 91
(34.5%) (13.16%) (13.18%) (19.5%) (11.3%) (28.38%) (24.3%) (27.5%)  (20.5%)
Midland -26.72 2,364 91 193 99 3,126 122 217 93
(38.02%)  (14.3%) (14.4%) (20.6%) (13.1%) (28.45%) (21.9%)  (26%) (18.7%)
Joondalup -25.9 1,928 76 126 90 2,934 122 195 84
(33.99%)  (14.6%) (12.3%) (16.8%) (12.3%) (262%)  (17%) (23%) (14.3%)
Armadale -27.15 2,389 88 158 101 3,166 123 222 96 (19%)
(37.61%)  (16.4%) (13.8%) (15.7%) (13.06%) (29.6%) (215%)  (25%)
Average 323 2,226 83 162 90 2,980 120 214 90
Perth (38.5%) (27.18%) (25.6%)  (26%)  (23.5%) (355%)  (24.8%)  (29.75%) (21.74%)
metropolitan
region

Table 5.2 The two-sample unequal variance t-test between railway lines on the
percentage changes in travel time and agglomeration for the period 2006 — 2011

Travel time changes Mandurah line Fremantle line Midland line  Joondalup line to

to to to

Fremantle 1.519E-06***

Midland 3.611E-06*** 4.394E-02**

Joondalup 2.536E-06*** 2.363E-01 9.562E-02

Armadale 5.096E-06*** 8.886E-03*** 2.562E-01 1.514E-02**
Effective job density =~ Mandurah line  Fremantle line  Midland line  Joondalup line to
(all sector) changes to to to

Fremantle 1.394E-05***

Midland 2.794E-05*** 4.050E-01

Joondalup 8.967E-07*** 4.555E-02** 3.406E-02**

Armadale 2.769E-05*** 3.663E-01 4.597E-01 2.774E-02**
Effective employed Mandurah line  Fremantle line Midland line  Joondalup line to
resident density (all to to to

sector) changes

Fremantle 2.365E-06***

Midland 4.262E-05*** 3.406E-01

Joondalup 6.250E-07*** 4.076E-01 2.649E-01

Armadale 3.414E-06*** 2.517E-01 4.452E-01 1.674E-01

***statistically significant at 99% level of confidence

**statistically significant at 95% level of confidence

All others are not statistically significant at 95% level of confidence (not enough
evidences to reject the null hypothesis).
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The next figure in table 5.3 illustrates the changes in train ridership in all areas and for
each railway line. This investigation has been conducted only for train ridership
production (place of residence data) due to limitations on place of work data (jobs data
set) from the ABS Census for 2006. The proportion of train ridership on average for
the Perth metropolitan region was 0.0418 per capita of employed residents in 2006,
and became 0.0632 in 2011. There were 42 per 1000 employed residents using the
train as their main journey to work in 2006, and this figure increased to 64 per 1000 in
2011. This means an increase of more than 50% or a multiplier of 1.5328. Breaking
down these figures into separate railway line data indicated more extreme increases in
the level of train ridership for suburbs along Mandurah line, which was an 11.9-fold
increase between 2006 and 2011. Changes in other suburbs were more moderate, such
as 1.26 for suburbs along the Fremantle line, 1.2 for the Midland line, 1.25 for the

Joondalup line, and 1.153 for the Armadale line within the same period.

Table 5.3 The percentage of changes in train ridership for the period 2006 - 2011

Railway line ~ Proportion  Proportion Increases % Multiplication
of train of train Increases changes
ridership ridership
2006 2011

Mandurah 0.0078 0.0927 0.0849 1093.041 11.930
Fremantle 0.0718 0.0904 0.0187 26.005 1.260
Midland 0.0804 0.0966 0.0162 20.1548 1.2015
Joondalup 0.0898 0.1125 0.0226 25.203 1.252
Armadale 0.0729 0.0840 0.0111 15.264 1.153
Average Perth 0.0418 0.0632 0.0214 51.18 1512
metropolitan
region

The correlations between the percentage of changes in effective density and the percent
changes in travel time and train ridership based on data observed for all suburbs in the
study area have been calculated. The results are presented in the table 5.4.

Chapter 5 Public transport induced agglomeration 129



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

Table 5.4 Correlation value between the percentage of changes in travel time and
agglomeration; and between the percentage of changes in train ridership and
agglomeration for the period 2006 - 2011.

Agglomeration variable Travel time Proportion of
train ridership
Effective job density (all sector) 0.89 0.51
Effective job density construction 0.66 0.70
Effective job density manufacturing 0.50 0.68
Effective job density retail 0.55 0.58
Effective employed resident density (all sector) 0.66 0.63
Effective employed resident density construction 0.66 0.59
Effective employed resident density 0.64 0.75
manufacturing
Effective employed resident density retail 0.47 0.58

The correlation between the changes in travel time and the changes in effective density
ranges from 0.5 to 0.9, meaning that there is a medium to very strong correlation
between an increase in accessibility due to public transport investment and the increase
in effective density. This suggests that a causal relationship between public transport
investment and effective density or agglomeration may exist. Correlation between the
changes in effective density and the changes in train ridership production within the
same period ranged from 0.5 to 0.8, also a medium to strong correlation. This suggests
a causal relationship between agglomeration and train ridership due to public transport

investment may exist.

5.2 THE SPATIAL PATTERN OF AGGLOMERATION: HOT SPOTS
ANALYSIS

5.2.1 Method

The objective of this section is to use spatial modelling techniques to assess the degree
of agglomeration or concentration, by detecting clustering phenomena or the high
concentration of certain variables distributed within the study space. It has been
hypothesised that cluster events should be located around train stations; the hotspot
analysis was conducted to investigate if such clustering exists. The local statistics
Getis-Ord G* detects pockets of spatial association for the hot spots of high value

agglomeration.
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Getis-Ord Gi* statistics are used to identify clusters of suburbs with higher
employment rates than one might expect to discover by random chance (defined as
Complete Spatial Randomness or CSR). The Gi* statistic is actually equivalent to a z-
score. A high z-score for a suburb indicates a spatial clustering of high values for
employment rate. The higher the z-score, the more intense would be the clustering.
Therefore, the magnitude of z-score may be used to indicate the level of spatial
agglomeration for the employment rate. To reject the null hypothesis (CSR), a z-score

greater than 1.96 (the 95% confidence level) is used.

The Gi*statistics assumes that spatial association is the summed product of the variable
in locality i that interacts with variable in locality js. This structure of this modelling is
referred to as spatial association. The modelling is based on “all pairs of values x; and
Xj such that i and j are within distance d of each other” will follow the statistic (Getis
& Ord, 1992). The Gi* statistic can be defined as (Ord & Getis, 1995):

ijijxj_ Wi*)?

G (d) =
() s{l(nsy)-w;?]/(n-1)}

7z, all j. Equation 5.4

Where:

w;; = a spatial weight between suburb i and j. x; is the effective density for suburb j; n
is total number of suburbs.

W'=Y wij Equation 5.5
X= % Equation 5.6
Yjx?

s= [ —(X)2 Equation5.7

n

S;i = X;wf; Equation 5.8
Where:

The z score is defined as % = (X, = %)/ S X is the effective density; wj; is a binary (one

or zero) or non-binary spatial weight matric based on queen contiguity method; X and

§is sample mean and variance of the employment rate; n is number of suburbs.
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The Getis-Ord Gi* parameter involves local statistics, which exclude the suburbs
outside of a certain distance band of area. It focuses on the spatial proximity, and
therefore potentially the spatial dependence of the relationships, between the
employment rate of individual suburbs and their nearby suburbs. The hot-spot
clustering of high values may indicate externalities of agglomeration (positive
production externalities).

The ArcGIS 9.3 desktop Help function provides some descriptions of conceptual
spatial relationships in GIS. The polygon contiguity method used in this thesis, is a
spatial relationship based on the adjacency of the spatial units to each other. Weights
are given as binary code, where 1 is allocated to those spatial units in direct adjacency
to the spatial unit in question, and 0 is allocated to all of others spatial units. This
option in GIS is known as “Polygon Contiguity Edges Only”. On the other hand, the
inclusion of neighbour spatial units based on edges (a boundary) and corners (nodes)
is named “Polygon Contiguity Edges and Corners”, which is also used in this thesis.
This method is best used when the modelling involves is dealing with continuous data

that represented as polygons (ESRI Inc., 2010).
5.2.2 Result

5.2.2.1 Cluster location

This section discusses the results of cluster analysis on effective employed resident
density (agglomeration) and effective job density (agglomeration), for all economic
sectors. The magnitude of agglomeration for all sectors has been measured using a
decay parameter alpha of 1.1. Map in figure 5.1 and 5.2 presents the spatial clustering
of these data. Out of all suburbs in the study area (a total of 316 suburbs), 40 suburbs
indicated clustering of effective job density (figure 5.1), 26 of which contained
hotspots with 99% confidence levels, and 9 of which were statistically significant at
the 95% level of confidence, with the remaining 5 suburbs statistically significant at
the 90% level of confidence. Among these 40 suburbs, 29 suburbs (or 72.5%) are
located directly adjacent to stations. The percentage of effective job density accounted
for by these 29 suburbs is 77.8% of the agglomeration in the hot spot areas, and 16.6%
of total effective job density in the Perth metropolitan region.
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On the other hand, 91 suburbs exhibited statistically significant clustering of effective
employed resident density (figure 5.2), with 47 suburbs with hotspots at the 99% level
of confidence, 28 at the 95% of confidence, and the remaining 16 suburbs at the 90%
level of confidence. Among these 91 suburbs, 52 suburbs (57%) are located in directly
adjacent to stations. The percentage of effective employed resident density accounted
for by these 52 suburbs is 58.32% of agglomeration in hotspots areas and 20.9% out

of the total effective employed resident density in the Perth metropolitan region.

Furthermore, there are 25 suburbs that represent both of high value or hotspots in job
and effective employed resident density. These suburbs are generally located not only
near train stations, but also close to the Perth CBD. Two clusters are concentrated
along the Joondalup and Armadale lines, with a few patches along the Midland and

Fremantle lines.

Interestingly, the recently-built Mandurah line, has generated higher effective
employed resident density but none of the adjacent suburbs of the Mandurah line have
generated high values of effective job density. This may indicate that the high
percentage of changes in effective job density among suburbs adjacent to stations on
the Mandurah line only emerged in those suburbs that had not yet merged into clusters
of neighbouring suburbs. This often means those suburbs with high rate of job growth
are neighouring with those suburbs with a low rate of job growth, thus, no cluster of

hot spots is detected.

Clustering of effective employed resident density potentially generated an amount of
15,080 total working person opportunities for every suburb on average, and clustering
of effective job density potential brought 18,884 jobs opportunities for each suburb on
average. The map in figure 5.1 and 5.2 shows the position of clusters with respect to

distance from train station.
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Table 5.5 The percentage of cluster of effective employed resident density and
effective job density in the manufacturing sector

Sector Description Number of Suburban

Industry

Effective employed Effective job density
resident density
All sector: alpha  Number of suburb with 91 40
(decay hotspots
parameter  of Number of suburbs with 52 29
agglomeration)  hotspots around station
is1.1 Cluster location 3 suburbs in the city 3 Suburbs in the city
area, 17 suburbs along area, 8 suburbs in
Joondalup line, 6 in Joondalup line, 3 in
Midland, 11 in Midland line, 10 in
Mandurah, 10 in Armadale line, 0 in
Armadale, 5 in Mandurah line, 5 in
Fremantle line. Fremantle line.
Agglomeration magnitude 15,080 opportunities 18,884 opportunities

A%

Cluster of effective emplo,
resident density in subuk

Cluster of agglomeration hot spots ¢
effective employed resident density

Employed resident agglomeration

I cold Spot - 99% Confidence
[ cold Spot - 95% Confidence
] cold Spot - 90% Confidence
l:l Not Significant
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I Hot Spot - 99% Confidence

©  Train station
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0
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Figure 5.1 Cluster of agglomeration hot spots of effective job density in suburbs
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Figure 5.2 Cluster of agglomeration hot spots of effective employed resident density
in suburbs

5.2.2.2 Effect on job-housing balance of location disparities in agglomeration

clustering

The distributions of job and effective employed resident density hot spots have been
further compared to the distribution of the main employment centres and main
residential areas. Following the concept of job-housing balance (i.e. the ratio of jobs
to employed residents), a ‘main employment centre’ is defined as the suburbs with job-
housing balance above 1.5. Similarly, a’main residential area’ is defined as the suburbs

with job-housing balance below 0.75.

Map in figure 5.1 and 5.2 describes suburbs located around train station with high

effective job density and high effective employed resident density. From 29 suburbs,
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there are 13 suburbs near train stations that contain effective job density hot spots that
are also main residential areas, and 13 suburbs containing effective job density hot
spots that are also main workplace areas. In addition, from 52 suburbs, 34 suburbs near
train stations containing effective employed resident density hotspots are also main
residential areas; and 14 suburbs near train stations containing effective employed
resident density hotspots are also main workplace areas. These findings imply that the
main residential areas near stations are likely to be high in both effective employed

resident density and effective job density.

Similarly, main workplace areas near stations are likely to be high in both of
agglomeration types. This also means that the determinant of train trip production in a
residential suburb may consist of both the number of effective employed residents and
the effective job density. Similarly, the determinant of train trip attraction in a
workplace suburb may consist of both the effective job and effective employed
resident density. These variables will be tested further for hypothesis 2 and 3 in chapter
6and 7.

5.3 THE SPATIAL PATTERN OF AGGLOMERATION: SPATIAL DECAY
PHENOMENA

5.3.1 Method

Cluster analysis may be able to identify suburbs with high agglomeration values and
show clustering with other surrounding suburbs. Geographical analysis of Getis-Ord
Gi* presents the spatial distribution of hot spots to differentiate those that fall near
stations from those that do not. However, cluster analysis cannot distinguish to what
degree the spatial pattern of agglomeration values attenuates with distance from train
stations.

As per the hypothesis for this thesis, the value of agglomeration of suburbs is expected
to show distance decay away from stations. Since one suburb carries one value of
agglomeration, it was difficult to assess this pattern due to lack of more high resolution
on observations measured from one station catchment. Thus, the distributional pattern
of agglomeration values of suburbs required a more detailed examination. Fishnet-

based data have been used in order to allow for such an analysis.
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Consider the illustration of fishnet-based data below, representing a buffer ring type
dataset (Figure 5.3). The fishnet rings are constructed based on 1 km distance buffer
rings from train stations along the catchment area (16 km) as determined in the section
4.1.2.15 in chapter 4. The number of fishnets (grid cells) and the agglomeration values
in each fishnet are calculated for each ring. The cumulative distribution is calculated
based on the probability that a random variable X located within a pre-specified
distance r is observed to take on a value less than or equal to some known value for
that distance ring. This thesis attempts to determine whether the distribution of random
variable X (such as agglomeration) across n fishnets would fall within the known
predetermined distance ring buffer as described in the following figure 5.3.

Ring 1 Km = 422 fishnets.
m 2KM = 1029
u 3KM =1281
ul 4KM = 1294
ml SN - 1159 WY
D 7%_82: ;xﬂ_ff?. 10KM = 570
= KM = 632 11KM =511 7
_ m, 17KM =509 ¥
H, 13KM =479 *
mi 14KM = 438

~_ “5KM 366
ul 16KM =50 —

= SUM FISHNET NUMBER (N = 11, 316)

Figure 5.3 Illustration of fishnet were distributed across 1 km buffer rings from train
stations (location zero) to the edge of the catchment (16 km).

Station proximity in this thesis is regarded as a continuous variable. The distance
within each fishnet i was measured as the linear distance from the ith fishnet centroid
to the nearest station centroid. This thesis assumes that railway station impacts occur
up to a maximum distance of 16 km, on the basis of park-and-ride services data, as
reported in chapter 3. The spatial decay model in this thesis is based on an exponential

decay model, where the dependent variable y is the probability density function of the
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average agglomeration value of n number of fishnets located within a pre-specified

distance ring r.

For each value of agglomeration in each fishnet, the probability density and cumulative

probabililty density function are calculated. These are written in the following

equations:
a=YF a; Equation5.9
b, = %/,  Equation5.10
f(r) = X< b; Equation 5.11
F(r) = Yi<rq; Equation 5.12
Where:

a; = the value of variable (effective density) of a fishnet located in ring i

b; = the average value of fishnets located in ring i

a = the total value of effective density over all fishnet i over all ring R.

R =16.

f(r) = the probability density of fishnets in each ring i.

F (r) = the cumulative of probability density over all ring i to R, where R = 16.

Equation 5.9 calculated the total value of agglomeration from each ring and summed
over all 16 rings. Equation 5.10 calculated the average of agglomeration in each ring.
Equation 5.11 calculated the probability density of agglomeration across each ring.
Equation 5.12 calculated the cumulative density of the probability density function

from all rings.

5.3.2 Result

An analysis was conducted for the all sector model, for the effective employed resident
density (all sector) and the effective job density (all sector). The calculated results for
the probability density function and each of its key variables are discussed below with

reference to the following graphs.
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Figures 5.4 and 5.5 showed the distribution and cumulative distribution of effective
employed resident density. A location in ring 0-1 km from a train station contains
10.8% of the total agglomeration of employed residents. Likewise, a location in within
1-2 km from a train station covers 10.5% of agglomeration. Based on the probability
density function, the average agglomeration of employed resident of the fishnets
located within 0-1 km from a train station is 1.03 times higher than the next fring for
1-2 km distance. The cumulative density function also shows that fifty percent of the
effective employed resident density is distributed around 0-5 km from train stations.
The level of effective employed resident density gradually decreases as it moves
further away from the train station. The density values sharply decline between 4 km
and 9 km from the train station, and then more gradually decrease after 9km, and up
to 15 km. Beyond 15 km, less than two% of effective employed resident density
remains in the catchment area. The overall exponential distance decay is defined by a
9.5% decrease in agglomeration for every 1 km increase in distance from the nearest
train station.

A similar pattern emerged for the distribution of effective job density. Figures 5.6 and
5.7 showed the distribution and cumulative distribution of effective job density. More
than 13% of effective job density was found to be concentrated within the 0-1 km
buffer. Likewise, the 1-2 km zone contained 12.5% of agglomeration. Based on the
probability density function, the average agglomeration of job for fishnets i located
within 0-1 km from a train station was 1.055 times higher than the next following ring
of 1-2 km. Based on the cumulative distribution, 53% of effective job density is
distributed around 0-5 km from a train station. The level of effective job density
gradually decreases away from train station. The value sharply declines between 2 km
and 9 km from the train station and is almost steady between 9 and 13 km. After 13
km, there is less than 2% of effective job density (1.8%) in the catchment area. The
overall exponential distance decay is defined by a 11.2% decrease in effective job

density for every 1 km increase in distance from the nearest train station.
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Distance decay pattern of Effective employed resident density
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Figure 5.4 The spatial decay of effective employed resident density from train station
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Figure 5.5 The Cumulative distribution of effective employed resident density
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Distance decay pattern of Effective job density
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Figure 5.6 The spatial decay of effective job density from train station
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Overall, the spatial decay of effective job density was higher than that of effective
employed resident density. Thus, based on the continuous distance measure, the impact
of station proximity on the increase of effective density for every 1 km closer to the
station was 11.2% for effective job density and 9.5% for effective employed resident

density.

In relation to the impact of station proximity to the changes in effective density in
within period 2006 — 2011, it was found that the railway line extension of Perth-
Mandurah brought an increase in effective job density at the annual rate of 5.46% on
average. The absolute-increase in effective job density from 2006 to 2011 was 2,226
on average per suburb. Suburbs near train stations experience higher annual rates of
change. The exponential decay model, applied to these rates of change, indicated a
2.28% increase in the annual rate of change of effective job density for every 1 km
closer to the train station, but an 11.9% increase in the absolute-changes in effective
job density between 2006 and 2011 for every 1 km closer to the train station. In
addition, the new extension produced an increase in effective employed resident
density at the annual rate of 6.256% on average. The absolute increase in effective
employed resident density from 2006 to 2011 was 2,980 on average per suburb. The
exponential decay model, applied to these annual rates of changes, indicated a 2.21%
increase in the annual rate of change of effective employed resident density for every
1 km closer to train station, but an 11.3% increase in the absolute-changes in effective
employed resident density between 2006-2011 for every 1 km closer to train station.
This indicates evidence in favour of the effect of transportation investment on public
transport induced agglomeration, for both employed resident and effective job density.
The railway line extension has brought a positive impact on faster growth of effective
employed resident density, with slightly larger absolute-changes than that of effective
job density during 2006 - 2011, and these impacts decay more rapidly with distance
from the train stations for effective job density than that of employed residents.

This may suggest that the business sector was more responsive to increases in
proximity to the train station than the residential sector. This may make sense, since
locations close to stations offer higher accessibility and therefore become more
attractive to business sector, although these locations also attract higher residential
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activities. For example, studies have shown that the impact of railway proximity on
property values has been higher for commercial property than that of residential
property. Measuring the impact of station proximity, a study on meta-analysis of
railway station proximity effects on property value, based on 57 research observations,
found that the impact of a station on property value or rent was 2.61% greater on
average for every 250 m closer to the station, while the reduction of commercial
property prices was 4.8% for every 250 m further from stations and that for single

family residential property was 2.4% (Rietveld et al 2007).

5.4 CHAPTER SUMMARY

This chapter has discussed the evidence for public transport induced agglomeration.
In order to provide a base argument that public transport induced agglomeration has
resulted from transport infrastructure developments such as railway line extension or
station development, this chapter discussed three possible measures of public transport
induced agglomeration. All three of the measurements suggest the influence of public
transport induced agglomeration. This thesis found a strong correlation between the
changes in travel time, the changes in effective density, and the changes in train
ridership production over the period 2006-2011, and those changes have been
substantially higher for suburbs located along the Perth-Mandurah railway line, where
the extension has taken place. Clusterings and spatial distance decays for areas of high

effective density were shown to exist near stations.

The findings regarding public transport induced agglomeration in this chapter, and
their level of influence on train ridership were applied in the model of train ridership
prediction and attraction (chapter 6 and 7). Further implications of model results are

discussed in chapter 8.

Chapter 5 Public transport induced agglomeration 143






Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

CHAPTER 6. COMPARING THE LUTI AND SETI
FRAMEWORKS FOR DERIVING TRAIN RIDERSHIP
DETERMINANTS

6.1 INTRODUCTION

This chapter discusses the second research hypothesis in relation to the model for train
ridership prediction. The model is divided into two components: (1) the one-way train
trip production (the working trips that are produced from residential suburbs that
involve only train journeys or a combination of modes that involve train); and (2) the
one-way train trip attraction (the working trips that are attracted to workplace suburbs,

involving only train journeys or a combination of modes that involve train).

This section describes the pattern of train ridership in the study area and how this thesis
contributes to the current discourse on the determinant factors of train ridership. The
discussion links the research hypotheses (see Chapter 3) to the outputs of the models
in understanding the key train ridership factors. This thesis may be differentiated from

other research in train ridership modelling in the following ways:

- Train ridership modelling approaches in the literature have been divided into
either the “system” approach using aggregate studies, such as at the suburb

level (Guerra & Cervero, 2011), or the “station” or “corridor” approach using
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dis-aggregated modelling at the individual or personal choices level (Cervero,
2006; Cervero, Murakami, & Miller, 2009; Guerra & Cervero, 2011). The
current research approach has been an aggregate or “system” approach that
utilizes data on a suburban geographical unit of analysis. A system level
analysis has the advantage of good availability of data across the system and
over time, and allows for analysis with a wide range of parameters (Guerra &
Cervero, 2011).

- Predictor variables consist of external factors for determining transit (such as
population, land uses and the economy) instead of the internal factors of transit
(such as train frequency services or the fare level). External factors have ben
found to have greater effects on train ridership than the internal factors (Taylor
et al., 2009).

The first part of this discussion involves factors that influence train ridership under the
LUTI (without agglomeration) and the SETI model (with agglomeration) for both the
train trip production and attraction model. This process has also been part of testing
hypothesis 2. Factors are related to an individual/person  (socio-
demographic/economic) component, transportation (accessibility), place (land use)
and agglomeration (effective density). Discussion in this section emphasizes the all-
sector model, which covers total jobs and total employed residents from all 19 sectors.

The second part of the chapter summarises the determinant factors in train ridership
prediction. This part of the chapter is preceded by a description of the current train
ridership pattern, i.e. the proportion of employed residents who use train services in
suburbs (train trip production); and the proportion of jobs in suburbs that are attracted

working trips by train (train trip attraction).

The train trip production and train trip attraction models that are discussed in this
chapter will be compared across different versions of the LUTI and SETI models, both
are discussed based on the all-sector model (see chapter 4 for explanation of data and
model structure):

(i) The LUTI model.
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(if) The LUTI model that incorporates job or employed resident density with the

interaction term.

(iii)The SETI model hl, i.e. the model that incorporates effective employed

resident density without the interaction term.

(iv)The SETI model hlb, i.e. the model that incorporates effective employed
resident density with the interaction term (i.e. the interaction between effective

employed resident density and average distance of suburb to train station).

(v) The SETI model h2, i.e. the model that incorporates effective job density

without the interaction term.

(vi)The SETI model h2b, i.e., the model that incorporates effective job density

with the interaction term

First, maps 6.1 and 6.2 present the pattern of train trip production (place of residence
dataset) and train trip attraction (place of work dataset). The map of the proportion of
employed residents travelling by trains leaving residential suburbs (map 6.1) shows
that concentrations of train ridership have emerged not only within areas in adjacent
to train stations, but also within areas that are 3-5 km from the station (such as in areas
around Mandurah and Armadale line services) and a few areas beyond 5 km from the
train station (such as at the northern area of Butler Station). Moreover, the level of
train trip production out of the CBD area is generally lower than the average for the
Perth metropolitan area. Murdoch Station, which has been well connected to bus
services, has shown higher train trip production than the average, not only generated
from the suburbs of Murdoch station, but also from its surrounding suburbs. A similar
situation has been identified in areas around Wellard Station, Bull Creek Station,

Cockburn Central Station, and Thornlie Station.
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Figure 6.1 Map of the proportion of train trip production
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Figure 6.2 Map of the proportion of train trip attraction

Map 6.2 shows the proportion of train trips arriving at a destination suburb. The
proportion of train ridership is generally higher to areas within the Perth CBD and
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along the Fremantle line, then gradually reduces in suburbs located adjacent to stations
along the Midland and Armadale lines, around the inner suburbs of the Perth
metropolitan area. The high attraction of Perth city together with West Perth,
Northridge and East Perth is probably related to the current public transport planning
policy of supporting increasing demands for access for area in the Perth CBD. The
opening of the Perth-Mandurah railway line for the last 8 years, in accordance with the
assignment of Rockhingham and Mandurah as strategic metropolitan centres and
Murdoch and Jandakot stations as specialised centres, has contributed to a statistically
significant proportion of train attraction above the overall mean for the metropolitan
area of trips attracted to the Perth CBD.

6.2 METHOD OF EXPLORATORY ANALYSIS: TRAIN RIDERSHIP
FACTORS UNDER THE LUTI AND THE SETI MODEL (THE
MULTIPLICATIVE EFFECT)

This section explores the relative strengths between predictor variables (X). It is
necessary that the comparison of the strength of any relationship between each
independent variable and dependent variable be held based on the value of the
standardized beta coefficient. The standardized beta coefficient is a scale-free index
and therefore can be compared across different variables. The coefficient can indicate
the relative importance of the variables with which they are associated (Pedhazur,
1982). Standardized beta coefficient regression has been used to compare how
important the role of certain variables compare to others based on their standardized
value (z-score), in order to provide a basis of comparison between different types of
independent variables.

The standardized value of y and x (or the z-score) is applied in the regression equation
when the SPSS software calculates the standardized beta coefficient. The regression

equation is written in a form of (Pedhazur, 1982):

Zy = P1Zy1 + P2Zyz + -+ PnZyy  Equation 6.1
Whereas:

z,, = the standard score of dependent variable.
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z,.= the standard scores of independent (predictor) variables.

n = the number of all predictor variables.

the standardized coefficient f = “the expected change in the dependent variable of vy,
expressed in standard scores, associated with a one standard deviation change in x,
while holding the remaining variables constant” (Pedhazur, 1982).

Dependent variables have been specified based on the standard z-scores of the
logarithm of proportion of train ridership (see chapter 4). The relationship of predictor
variables on dependent variables has been discussed, based on the multiplicative
effects of coefficients in the form of the logarithmic transformation in OLS regression
(Taplin, 2016). Thus, the relative strengths between predictor variables may be
compared based on the standardized beta coefficient in terms of the multiplicative
effects of variables on train ridership instead of their marginal effects. The exponential
of the standardized beta coefficient reflects the multiplicative effects on the proportion
of train ridership (a dependent variable) of the associated predictor variables, holding
all other variables constant. Therefore, equation 6.1 has been adjusted to accommodate

the logarithm transformation of y and to allow for the multiplicative effect of x on'y.

The OLS regression of the logarithm of y is given by:

In(y) = Bo + B1x1 + Box; + ¢ Equation 6.2
Based on the equation 6.1, the equation 6.2 is adjusted into:
Zinty) = P12x, + B2Zx, + -+ + Pnzy, Equation 6.3
The relative or the multiplicative effect on y from an increase in z,., t0 z, ;+A, isgiven

by:

% = expf®*  Equation 6.4
Provided z,, increased by A4, then z,, is multiplied by exp (121, The advantage of this
concept is that the multiplication magnitude is not dependent on the magnitude of x or
y. This condition has significantly simplified the interpretation of the results of the

model. Taplin (2016) pointed out:”in many cases, interpreting coefficients in terms of
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multiplicative or relative effects is more appropriate and simpler” (Taplin, 2016, p.3)
instead of the marginal effect in which ”"many of these (marginal effects)
interpretations are incomplete or misleading” (Taplin, 2016, p. 6). More explanation
about why the multiplicative effect is a superior interpretation and how to report model
results and interpretation of regression coefficients for analysis of limited dependent
variables can be found in Taplin (2016).

Overall comparison of the relative strengths between the socio-demographic,
transportation, and land use variables were made based on the results of the regression
model that produced the highest adjusted R-square. Specific comparison of the relative
strengths between the traditional density variable and the effective density variable

were also determined.

6.3 RESULTS OF THE EXPLORATORY ANALYSIS: COMPARING THE
LUTI AND THE SETI MODEL

This thesis proposes the method of interpreting beta coefficients in terms of the
multiplicative or relative effect, instead of the marginal effect, as commonly found in
other literatures. The meaning of the standardized beta coefficient then represents the
degree of multiplicative effect on the proportion of train ridership (standard scores) for
an increase of one standard deviation in the predictor variables. Therefore, all of model
interpretations based on the standardized beta coefficient reported in this section are
derived from equation 6.4.

The multiplicative effect on train ridership of increasing each predictor variable by one
standard deviation is presented in tables 6.1 and 6.2. In the train trip production model,
the interaction term in the SETI hlb model was not statistically significant, but was
statistically significant in SETI h2b. Therefore, table 6.1 shows the SETI h1 instead of
SETI hlb. Table 6.1 shows a comparison for train trip production under the LUTI, the
SETI hl and the SETI h2b model. For example, increasing one standard deviation of
the proportion of employed resident in the manufacturing sector (st dev=0.05) has the
effect of multiplying the proportion of train trip production by 1.143 (equals to an
increase of 14.3%) in the LUTI model, and by 1.132 (equals to an increase of 13.2%)
in SETI hl and SETI h2b on its standard scores.
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Table 6.1 The multiplicative effect of all statistically significant predictor variables
on train ridership modelled in LUTI and SETI for place of residence (train ridership
production). Detailed figures in appendix 11, 19, and 22.

Model traintrip ~ Mean Std. Standardized beta coefficient (Exponential of
production: dev. standardize beta coefficient)
statistically
significant
variable
The LUTI The SETI-with The SETI-
model hl with h2b
Appendix 11 All Appendix 19 All Appendix 22 All
sector LUTI sector SETI H1 sector SETI H2B
effective employed effective job density
resident density with the interaction
term
Pblu_r 0.33 0.115 -0.257 (0.773)** Not statistically Not statistically
significant significant
P_worker_man 0.0889 0.05 0.134 (1.143)** 0.124 (1.132)** 0.124 (1.132)**
Inc_pr_r 36.39 7.45 -0.42 (0.656)*** -0.407 (0.666)*** -0.369 (0.69)***
Car_own 1.88 0.4 -0.292 (0.747)*** -0.317 (0.728)*** -0.311
(0.7327)***
Sqrt_ptiori 746 581 Not statistically -0.224 (0.799)*** Not statistically
significant significant
Ln_strio 9.35 0.23 0.39 (1.477)*** 0.507 (1.66)***  0.455 (1.576)***
Ln_avedist 1.515 0.687 -0.538 (0.583)*** -0.518 (0.596)***  -0.858 (0.424)***
Ln_lvr 6.77 1.035 -0.31 (0.7312)*** -0.308 (0.735)*** -0.34 (0.71)***
Ln_jwr 0.675 15 0.144 (1.15)** 0.145 (1.156)** 0.168 (1.184)**
Eder (in 1000 units) 11.856 2.77 n/a 0.361 (1.435)*** n/a
Ejd (in 1000 units) 10.416 4.7085 n/a n/a -0.24 (0.787) **
Interaction term of n/a n/a n/a n/a 0.276 (1.318)**
ejd (ejd_In)
Description:

**) all variables are statistically significant at p<0.05

***) all variables are statistically significant at P<0.01

Exponential value of the standardized beta coefficient is inside the bracket

In the SETI h1 model of train trip production, transportation variables such as road
network travel distance and the distance of residential suburbs to train stations had a
greater effect than the effective density variable and the land use variable. Only the
proportion of employed residents in the manufacturing sector and the effective density
produced a positive relationship with train ridership. Other variables, such as the
proportion of employed residents in blue collar occupations, income, car ownership,
public transport network supply coverage, road network travel distance, land rent, and

job housing balance, produced negative relationships with train ridership.
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In the train trip attraction model, the interaction term is statistically significant in both
SETI hlb and SETI h2 b. Therefore, table 6.2 presents LUTI, SETI hlb and SETI h2b.
For example, increasing one standard deviation of the number of all jobs across 19
sectors (std dev= 5,406 jobs) has the effect of multiplying the proportion of train trip
attraction by 1.12 (equals to an increase of 12%) in the LUTI model and the SETI h1b
model but has not statistically significant effect in the SETI h2b. This means that the
standardized beta coefficient of the “all jobs” variable is significantly different to zero
in LUTI and SETI h1b and that therefore the multiplicative effect on the proportion of
train trip attraction is significantly different to 1. However, the standardized beta
coefficient of the “all jobs” variable is not significantly different to zero in the SETI

h2b model, thus the multiplicative effect is equal to 1.

The best model in terms of the highest adjusted R-square value of train ridership
attraction has been shown by table 6.2 to be the SETI h1lb model. Furthermore, table
6.2 indicates that the most important variable influencing ridership in SETI hlb is the
effective density variable (shown as Eder in the variables listing). However, the real
magnitude of influence of this variable is dependent on the distance between
workplace suburbs and train stations. At maximum (assumed the minimum distance
of destination suburb among the dataset to be 1.164 km for suburb Woodbridge (WA),
the multiplicative effect of the effective employed resident density for this suburb is
1.4525 (or an increase of 45.25%), which is higher than the influence of job density
and the transportation variables. Besides job density, other land use variables do not
appear to be statistically significant. The influence of socio-demographic/economic
variables is lower than the influence of the land use and transportation components.
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Table 6.2 The multiplicative effect all statistically significant predictor variables on
train ridership modelled in the LUTI and SET] for place of work (Train ridership
attraction). Detailed figures in appendix 35, 44, and 46.

Model of train
trip attraction:

Standardized Beta coefficient (Exponential of

standardize beta coefficient)

The LUTI The SETI-with The SETI-with
model hib h2b
Appendix 35 All Appendix 44 All Appendix 46 All
sector LUTI POW sector SETI H1B sector SETI1 H2B
model effective employed effective job density
resident density with with the interaction
the interaction term - term — POW Model
POW Model
All job 2010.74 5405.551 0.12 (1.1275)** 0.106 (1.112)**  Not statistically
significant
Pjobret 117 .082 Not statistically 0.139 (1.149)**  0.133 (1.142)**
significant
In_strio 9.355 .230 0.138 (1.148)** 0.151 (1.163)**  Not statistically
significant
In_avedist 1.515 .687 -0.341 Not statistically ~ Not statistically
(0.712)*** significant significant
sr_lvnr 0.118 (1.1252)* Not statistically ~ Not statistically
significant significant
In_jobd 4.959 1.745 0.292 0.372 (1.451)***  0.326 (1.385)**
(1.339)***
eder (in 1000 11.857 2.771 n/a 0.446 (1.562) n/a
units) il
Interaction n/a n/a nfa -0.479 (0.619)*** n/a
terms with eder
(eder_In)
ejd (in 1000 10.416 4.708 n/a n/a 0.443
units) (1.557)***
Interaction n/a n/a n/a n/a -0.272
terms with ejd (0.762)***
(ejd_In)
Description:

*) all variables are statistically significant at p<0.10

**) all variables are statistically significant at p<0.05

***) all variables are statistically significant at P<0.01

Exponential value of the standardized beta coefficient is inside the bracket

The process of comparing the LUTI model to the SETI model has demonstrated that
the coefficients of certain land use and socio-demographic/economic variables may

change in importance. For example, variable pblu_r (the proportion of blue collar
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employed residents) becomes statistically insignificant once the effective density
variable has been added to construct the SETI model.

Each of the predictor variables, comprising the socio-demographic/economic,
transportation, land use, and agglomeration variable types, are discussed in the
separate sub-section below. The magnitude of the multiplicative effect is illustrated in
plots of multiplicative effects. In these plots, the x axis represents increments of one
standard deviation of the predictor variable (for example from 1 std dev to 2 std dev),
and the y axis represents the magnitude of the multiplicative effect corresponding to
that increase. Where y = 1 the coefficient of the predictor variable is not significantly
different to zero (and therefore indicates no influence). When the predictor variable
has a statistically significant positive influence on the proportion of train ridership, this
influence is described by all plots higher than 1. On the other hand, all values plotting
below 1 indicate a negative influence of the predictor variable on the proportion of
train ridership. The variables associated with each of the LUTI and the SETI models
are marked with different line styles, such as dotted lines to represent all of the LUTI

variables and short lines to represent all of the SETI variables.
6.3.1 Socio-demographic/economic variables

Socio-demographic/economic variables are part of the vertical segregation that
identifies persons with the same characteristics into the same category, for example,
based on their income level or type of occupation. In the train trip production model
(table 6.1), the proportion of employed residents in manufacturing (p_worker_man)
had a statistically significant positive influence on train ridership in both the LUTI and
SETI models. The remaining variables which had a negative contribution on train
ridership were (in order of magnitude from the strongest one): the employed resident
level of income for professionals/managers (inc_pr_r), car ownership level per

dwelling (car_own) and the proportion of blue collar employed residents (p_blu_r).
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Figure 6.3 Plots of the multiplication effects based on the standardized value of
predictor variables in socio-demographic/economic component on the proportion of
train trip production (illustration).

Table 6.1 indicates that the multiplicative effects based on the SETI h1 model are the
best model for explaining train trip production. Further, Figure 6.1 demonstrates that,
based on the SETI h1l model, increasing one standard deviation of the proportion of
employed residents in manufacturing (std dev=0.05) multiplies the proportion of train
ridership production by 1.132. This equals to the increase of 13.2% in y variable.
Increasing one standard deviation of income of employed residents with
professionals/managers occupations (std dev= $7.45 per hour) and of car ownership
(std dev=0.4) would reduce train ridership with multiplicative effects of 0.666 and
0.728 respectively, cateris paribus. These equal to the decrease of 33.4% and 27.2%
repectively in the y variable.

Comparing between models, increasing one standard deviation of the proportion of
employed residents in manufacturing would multiply the proportion of train ridership
production by 1.1434 (an increase of 14.34%) for the LUTI, and 1.132 (an increase of
13.2%) for SETI hl and SETI h2b, holding other variables constant. Increasing one
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standard deviation of income of employed residents with professionals/managers
occupations would reduce the proportion of train ridership production, by factors of
0.793 for LUTI (a decrease of 20.7%), 0.6656 for SETI hl (a decrease of 33%) and
0.69 for SETI h2b (a decrease of 31%), all else being equal. Similarly, increasing one
standard deviation of car ownership would reduce train ridership by the factors of
0.747 for LUTI (a decrease of 25.3%), 0.728 for SETI h1 (a decrease of 27.2%) and
0.7327 for SETI h2b (a decrease of 26.7%), all else being equal.

While income, car ownership, and the proportion of manufacturing employed residents
have positive or negative relationships as expected for their influence on train trip
production, an unexpected observation is that of the negative influence of the
proportion of blue collar employed residents. Blue collar occupations consist of

machinery operators and drivers, technicians and trade workers, and labourers.

Map 6.4 shows that the distribution of jobs for blue collar occupations is mostly
scattered throughout the study area and not concentrated in the Perth CBD area.
Rather, the locations of jobs in this occupation type extend into the outer suburban
areas where car ownership is often high (refer to map 6.8 of car ownership). This may
suggest that a high number of blue collar employed residents live in suburbs
underserved by railway services and would therefore be more likely to travel by cars.
As a result, working trips by car would tend to be higher, resulting in the negative
relationship between the proportion of blue collar jobs and the proportion of train trip
production. By observing maps 6.4 and 6.5, the distribution of a high proportion of
employed residents and jobs in blue collar occupations seems to correlate to each other
(they have similar distribution patterns). This may suggest that blue collar workers
tend to cluster around their place of work (Lowe, 1998 and Simmon and Koppelman,
2001 as cited in Wang & Chai, 2009). This may relate to the income level of blue
collar workers, usually lower than white collar workers, thus encouraging them to
avoid longer commuting times in order to avoid higher travel costs (Wang & Chai,
2009).
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Figure 6.4 Map of the proportion of blue collar jobs in suburbs
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Figure 6.5 Map of the proportion of blue collar employed residents in suburbs
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The ratio of jobs to employed residents
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Figure 6.6 Map of the ratio of jobs to employed residents for blue collar occupation

based on the standard deviation

Chapter 6: Comparing the LUTI and SETI frameworks for deriving train ridership

determinants

161



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

of jobs to employed
llar occ

The ratio of jobs to ex
for the blue collar occ
Mean = 13.59

Std. Dev. = 126.05

I 0.000 - 0.750 (Employed & W
0.751 - 1.500 (Job-housi bS.in

I 1501 - 1715.807 (Job-ric
©  Train station //

r ocuppation
/

4

_— W¢>E
Train line

U 2km buffer. S
© 13 km buffery

-

. ''5km buffer

16
Kilometers

Figure 6.7 Map of the ratio of jobs to employed residents for blue collar occupation

based on job-housing balance criteria

Chapter 6: Comparing the LUTI and SETI frameworks for deriving train ridership

determinants 162



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

Map 6.6 and 6.7 illustrates the job-housing balance ratio of jobs to employed residents
in blue collar occupations. Hypothesis 4 assumes that employed residents tend to work
near their residential locations when this ratio is in balance. The yellow areas on map
6.7 refer to those areas with a high potential for self-containment, thereby lowering the
overall number of trips and the number of trips produced by train. These may be
observed to spread out along the Fremantle line, Midland line, and for some suburbs
along the Joondalup and Armadale lines. Other yellow areas may be observed beyond

the railway services.

The scattered spatial distribution of blue collar jobs (map 6.4) is likely to make railway
trips difficult to those locations. Rail services cannot accommodate a dispersed pattern
of development (Hall 1969). Some of these areas are apparently beyond the current
railway line network services. There have been multiple plans for distributed light rail
networks, but focus on the Perth city area. Thus, the negative influence of blue collar
employed residents on train trip production may refer to two possibilities: (1).
Employed residents work near their residences as suggested by Maps 6.4 and 6.5 have
similar distribution patterns, and map 6.7 shows that areas of job-housing balance are
distributed over the same areas where jobs are high (map 6.4) and employed residents
are high (map 6.5). Employed residents clustered around their job locations tend to
make fewer total trips or travel shorter distances; and short distance trips are less likely
to be served by railways. (2). High proportions of blue collar employed residents are
found in the outer suburbs that are underserved by railway services (map 6.5), and at
the same time, these areas often have a high dependence on cars, as shown by the high
levels of car ownership (map 6.8). The distribution of blue collar jobs spreads into
some outer suburbs, and therefore the railway network has difficulty in serving and
connecting these scattered job locations to their employed residents. As a result, an
increase in the proportion of blue collar employed resident may lower the proportion
of train trip production, cateris paribus.

In related to income and car ownership variable in the train trip production model, it
has been widely known in the literatures that income level and car ownership are

related with negative influence on train ridership. Table 6.1 showed based on the
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multiplicative effects of car ownership ranged between 0.7 to 0.8 in all models for
every one unit increase in car ownership’s standard score, this thesis found those who
possess car with one standard deviation (equals to 1.5 cars per dwelling) use train for
around 0.7 to 0.8 lower than those who not possess car. Put another way, those without
a car make around 1.2 to 1.4° times more as many working trips by train to those with
1.5 cars per dwelling, independent of all other factors. The spatial distribution of
household with high car ownership level are spread out on areas with low accessibility
to or underserved by railway services (map 6.8). It seems households with car
dominances are not concern to live in within the proximity to railway line services may
implicitly reflect the self-selection effects (Bhat, Sen, & Eluru, 2009; Guo & Bhat,
2007; Pinjari et al., 2007).

The variable of income for managers and professionals contributed negatively to train
ridership in the train ridership production model. Map 6.9 shows that high income
earners in professional/manager occupations clustered around the northwest of the
Perth metropolitan region, around the Perth CBD area, and around areas in the
northeast of the Perth metropolitan region. This may be related to high wage jobs that
are offered in the southern parts (around Henderson and its surrounding area) and
northern parts of the metropolitan area (along the Fremantle coastal line and Neerabup)
and around the CBD. This may suggest their mobility would be supported by intensive
use of the Kwinana freeway running, and thus discourage the use of the train. It has
been well known (Timothy & Wheaton, 2001) that high income employees will spend
longer on commuting time and working in other areas , despite the fact the North-
South freeway network may facilitate more trips for high income earners than the
railway. On the other hand, high income earners residing around the Perth CBD area
may not be users of trains as they may live and work in the city where there are free
bus services within the CBD. The study suggested that those who are living in group
households in the inner city area are likely to have jobs in the inner city as well, with

° This is calculated as: 1/0.8 = 1. 25 and 1/0.7 = 1.43
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minimum travel requirements (AHURI, 2006). It is not likely train would be used as

mode of travel to work.
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Figure 6.8 Map of the level of car ownership per occupied dwelling in suburbs
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In the train trip attraction model, the results indicate only a few variables to be

consistently statistically significant in all models, such as the proportion of jobs in the
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retail sector (p_jobret) and the number of all jobs (all_job). These variables have

positive influences on train trip attraction.

1.15 - ’
. [=
------ All_job_LUTI e /}
bl 77 .
. o o ’/ o*
= == All_job_SETI-LUTI_EDERH1B £ 5 DA
29 27 2
Eg11- [
=== p_jobret_SETI- g3 9’/..",/
LUTI_EDERH1B S g P afnd
iR z .7
= == p jobret SETI-LUTI_EJDH2B < = ’{.-',/
£ @.05 - 9o
g % ’,.;.’I
£ 42"
: o
s &
1 |

Increase 1 standard deviation in X variabﬁes

Figure 6.11 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables in the socio-demographic/economic component on the
proportion of train ridership (train trip attraction model)

Table 6.2 indicates that the multiplicative effects based on the SETI h1lb model are the
best model for explaining train trip attraction. In particular, table 6.2 shows that, based
on the SETI hlb, increasing one standard deviation of the proportion of jobs in retail
(std dev= 0.082) would multiply the expected value of the proportion of train trip
attraction by 1.149 (an increase of 14.9%). Increasing one standard deviation of the
number of all jobs by one standard deviation (std dev= 5,406) produces a lower
multiplicative effect of 1.112 (an increase of 11.2%) than the effect from retail jobs.

Comparing between models, increasing one standard deviation of all jobs would
multiply the proportion of train ridership by 1.127 for LUTI (an increase of 12.7%)
and 1.112 for SETI h1b (an increase of 11.2%), holding other variables constant. The
proportion of jobs in the retail sector has similar multiplicative effects in all models.
Increasing one standard deviation of the proportion of jobs in the retail sector (st
dev=0.08) would multiply the proportion of trip attraction by 1.149 for the SETI hlb
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model (an increase of 14.9%), and 1.142 for SETI h2b (an increase of 14.2%), all else

being equal.

Map in figure 6.12 shows that the main workplace suburbs or job centres in the Perth
metropolitan region are located in the Perth CBD, Malaga, Canning Vale, Welshpool,
Fremantle, and Osborne Park. The Perth CBD alone accounts for 12.78% of the total
jobs in the Perth metropolitan region, while the share of total jobs in other workplaces

as mentioned above range from 2% to 3.5%.

This high concentration of jobs in the Perth CBD may contribute to the high train trip
attraction to the Perth CBD. A study confirmed that the number of transit commutes
was closely related to the number of jobs in the CBD rather than the overall
metropolitan area size or total metropolitan workers (Hendrickson, 1986). Therefore,
the CBD area often has a concentration of transit hubs to serve the highest job densities
(Chen et al., 2008). Map 6.13 confirms the dominance of railway line service coverage
in the Perth CBD areas. The radial form of five railway lines intersecting in the Perth
CBD is an advantage for the high intensity of CBD jobs. That is, transit commuting
from all directions is possible by train. Other research confirmed job numbers and
density in the CBD areas were important for the consistent increase in transit share,
independent of other factors (Rickwood & Glazebrook, 2009).
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Figure 6.12 Map of the number of all jobs in all 19 sectors
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Figure 6.13 Map of the index of public transportation supply in suburbs

In the retail sector, both employed residents (at 90% level of confidence) and retail
jobs (at 95% level of confidence) have been shown to contribute positively to higher
train trip attraction. More retail jobs are concentrated near train stations (map 6.13),
and the positive contribution of the proportion of retail jobs on train ridership may be

facilitated by the distribution of these jobs around many train stations.
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The SETI h1lb model (table 6.2) has shown that the influence of jobs in the retail sector
on train trip attraction is higher than the influence of total jobs. In addition, as shown
on map 6.14, the proportion of jobs in the retail sector in the Perth CBD area is below
the mean of the Perth metropolitan area. A lower retail job proportion in the Perth CBD
indicates that many of the working trips to reach retail jobs were not destined for the
Perth CBD. Similarly, map 6.15 illustrates the distribution of employed residents in
the retail sector, which is relatively low in the Perth CBD area. Interestingly, a high
proportion of employed residents in retail live in areas in proximity to park and ride
services (within 5 km of a train station) as shown by the orange and red areas inside
the buffer lines of map 6.15. Map 6.14 confirms that the red and orange areas
representing high proportions of retail jobs are located in relatively close proximity to
train stations. A study found that abundant jobs within four miles of home reduce travel
distance for work trips significantly (Cervero and Duncan, 2006). Thus, the housing-
job proximity for the retail sector is facilitated by railway station proximity to both
residential and retail workplace areas. It is possible that employed residents in the retail
sector would cluster around retail job locations, allowing for a short distance travel by

train using the same railway platform.

Other socio-demographic/economic variables, such as the proportion of manager and
professional job occupations, the proportion of blue collar jobs, the proportion of jobs
in the manufacturing and construction sectors, and wages per hour were not

statistically significant in all models of train trip attraction (place of work model).

6.3.2 Transportation or accessibility variables

Transportation variables may be viewed as representing the level of accessibility of a

suburb:

(i) Natural log of average distance between suburb and train station (In_avedist)
represents the accessibility of suburb to a train station. It may be seen for the
accessibility of suburb by station access.

(i1) Natural log of road network travel distance (In_strio) represents the

accessibility or the centrality level of a suburb compared to all other suburbs,
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with respect to the road network. A higher travel distance by road network (a
high value of In_strio) represents lower level of accessibility, or low centrality.

It may be seen as a proxy for accessibility by road access.

(iii)Square root of public transport supply (sqrt_ptiori) represents the level
coverage of public transport in a suburb, in particular as measured by bus stops
and train stations coverage and service frequencies. It may be seen as a proxy

for accessibility of a suburb via public transport network.

In the train trip production model, increasing a suburb’s centrality by road network,
increasing the average distance of the suburb from a train station and increasing a
suburb’s public transport supply coverage, were all associated with a reduction in train
trip production. This may indicate the possibility of substitution or complementary
between train and bus, and between train and car. This would be mean subsitution
given that increasing a suburb’s accessibility based on these parameters would

discourage the use of train, and complementary if vice versa.
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Figure 6.16 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables in the transportation/accessibility component on the
proportion of train ridership (train trip production model)

Table 6.1 shows the multiplicative effects on train trip production. In the SETI hl

model, increasing one standard deviation of sqrt_ptiori (std dev= 581 units) multiplies
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the proportion of train trip production by 0.7993 (a decrease of 19.01%). Increasing
one standard deviation of In_strio would increase train production, or multiply it by
1.66 (an increase of 66%).1° Similarly, increasing one standard deviation of
In_avedist'* would reduce train production or multiply it by 0.5957*? (a decrease of
40%). The farther the distance of a residential suburb from a train station, the lower
the train trip production by a factor of 0.5957.

Comparing between models, a relative increase in strio by 0.23% multiplies the
proportion of train trip production by 1.477 in the LUTI model (an increase of 47.7%),
by 1.66 in SETI h1 (an increase of 66%) and by 1.577 in SETI h2b (an increase of
58%). This means that when the location of a residential area makes it difficult to reach
other suburbs by the road network, the centrality of that location is low. This variable
may reveal the possibility of a modal switch between cars and trains when travel
distance by car is increased (for example due to worsening of road congestion), and
train ridership increases. Increasing avedist by 0.69% multiplies the proportion of train
trip production by 0.583 in LUTI (a decrease of 41.7%), 0.5957 in SETI h1(a decrease
of 40.43%), and 0.424 in SETI h2b (a decrease of 57.6%).

Note that the inverse relationship between train trip production and the level of public
transport supply in a suburb (sqrt_ptiori) is not as expected. As the level of public
transport supply was measured based on bus networks and railway networks, there
may be bias in the dominance of the bus network over the railway network for this
measurement. This can be observed in map 6.17. Separating the overall index into
individual indices of public transport supply, the correlation between the overall index
and the index of bus supply is 0.99; while the correlation between the overall index

10 Note that increasing In_strio by 1% of its standard deviation equals to 0.0023 (st dev = 0.23 units)
is equivalent to multiplying strio by exp (0.0023) or1.002303. After rounding, a relative increase in
strio of 0.23% (i.e. reducing the centrality of a suburb relative to all other suburbs by road network
by 0.23% or increasing total km network distance by 0.23%) multiplies the proportion of train trip
production by 1.66.

11 Standard deviation of In_avedist is 0.687, that is equals to average distance of 2 km

2 |ncreasing In_avedist by 0.00687 (st dev=0.687) is equivalent to multiplying avedist (distance of a
suburb to the train station) by exp (0.00687) or 1.0069. After rounding, a relative increase in avedist
by 0.69% multiplies the proportion of train trip production by 0.5957 (a decrease of 40%).
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and the index of railway supply is 0.28. Thus, the measurement of bus supply is much
more dominant than the measurement of the train supply and, as such, the overall index
represents the network of buses supply (see map 6.17 (left) and similarities to map
6.19). Therefore, the inverse relationship between the public transport supply and train
trip production may reflect the competition between bus services and railway services.
Increasing the number of bus stops and the service frequency of buses would be

expected to reduce the proportion of train trip production.
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Figure 6.17 Map of the index of public transport supply measured by buses stops
(left) and map of the index of public transport supply measured by train stations

(right)
In the train trip attraction model, only two variables of transportation or accessibility
were consistently statistically significant in the LUTI and the SETI model: the natural

log of distance to the train station (In_avedist) and natural log of the overall road
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network travel distance for the suburb (In_strio). The magnitude of multiplicative
effects from In_strio is similar in all models. A relative increase in strio by 0.23% (i.e.
reducing the centrality of the workplace suburb relative to all other suburbs by road
network by 0.23%) multiplies the proportion of train trip attraction by 1.148 in the
LUTI model (equals to an increase of 14.8%), and by 1.163 (equals to an increase of
16.3%) in SET1 h1. Natural log of average distance to the train station was the strongest
determinant of train ridership in an inverse sense, but was statistically significant only
in the LUTI model. As distance of the workplace suburb from the train station
increases, the proportion of ridership to reach the job location decreased. A relative
increase in avedist of workplace suburbs by 0.69% multiplies the proportion of train
trip attraction by 0.711 (equals to a reduction of 28.9%) in the LUTI model. Square
root of public transport supply was not statistically significant in any model of train

trip attraction.

e 1.2 1
o5 1.14 4 Hﬁﬂ.___ﬂﬁ:-.r.f
E.g 1.08 - ...nnnnl""““"
------- In_avedist_LUTI & 8 1.02 -,':..-""'"
a&ﬁO.QG 1 e,
) w20 0.9 Tt
------- In_strio_LUTI :E g 0.84 - h.,.....,._
2880784 0 e
= === |n_strio_SETI- 8= 0724 T
LUTI_EDERH1B E-E 0.66 -
s 0.6 .
= e
=% 1 2
Increase 1 standard deviation in X variables

Figure 6.18 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables in the transportation/accessibility component on the
proportion of train ridership (train trip attraction model)

High values of road network travel distance relate to low suburb centrality and vice
versa. Therefore, a positive coefficient indicates that increasing the road network travel
distance (decreasing centrality by road network) is associated with an increase in train
trip attraction. This has been clearly shown on map 6.20 which illustrates the level of
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road network travel distance. The Perth CBD and the inner suburbs of the Perth
metropolitan area constitute the area with the highest centrality. Map 6.2 confirmed
that the highest proportion of train trip attraction is toward the Perth CBD. However,
increasing congestion in these areas would encourage more use of trains. The
correlation is therefore a strong indication of competition between cars, or road-based
modes, and trains. These effects are similar to the effects observe for train trip
production. The decreasing of accessibility of a suburb by road access (such as via
congestion) is likely to create higher levels of train ridership, both production and

attraction.

Many studies have found that proximity to transport infrastructure will influence mode
choices (Commin and Nollans, 2011). The outer suburb workplace areas, such as
Malaga and Henderson (map 6.12), have been underserved by train stations and
therefore may not attract train ridership. Likewise, when road network travel distance
has been more influential positively (more travel distance means low centrality by
cars) on train trip production than attraction, high density residential suburbs that are
well-served by road network will rely more on cars. This also means that any changes
to the system that reduces road network performance may influence the possibility of

a mode switch from cars to train services.

On the other hand, train trip attraction is influenced by the competing transport
infrastructure (or accessibility by road network) to a smaller extent than the influence
from the accessibility of workplace suburbs to their destination train station. Thus, the
accessibility of a workplace suburb to the train station has been more important than
that of the residential suburb. This also suggests why the threshold distance from a
train station for workplace suburbs was much smaller than that for residential suburbs
(Chapter 7). Map 6.21 shows the level of accessibility of workplace suburbs to the
destination station. Suburbs located along railway lines with shorter station spacing,
such as along the Fremantle and Midland lines, have the highest accessibility level and
may be expected to attract more ridership. Only a few stations along the Mandurah
line are in proximity to employment centres, namely Kwinana, Cockburn Central, and

Murdoch Stations, as well as a few places along the Joondalup line, such as those near
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the Neerabup employment centre, and along the Armadale line at Welshpool,
Cannington and Armadale.
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Figure 6.19 Map of public transport supply coverages index
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6.3.3 Land use variables

In the train ridership production model, only two land use variables were found to be
statistically significant: land value of residential land use (In_Ivr) and housing-job
balance as defined by the natural log of job to employed resident ratio (In_jwr).
Employed resident density (wod) was only statistically significant at the 90% level of
confidence, except in the SETI h2b model that is statistically significant at 95% level
of confidence. While land value is negatively influence train trip production, job-
housing balance has positive contribution to train ridership production, with land value

having a substantially higher contribution than In_ jwr.
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Figure 6.22 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables in land use component on the proportion of train ridership
(train trip production model)

Referring to table 6.1, it may be seen that increasing 1 percent of In_Ivr in its standard
score (std dev= $1.037) by 0.01037 would multiply the proportion of train trip
production by 0.73 (a decrease of 27%) in the LUTI model, by 0.735 (a decrease of
26.5%) in SETI hl and by 0.71 (a decrease of 29%) in SETI h2b'®. From

3 Increasing 1 percent of In_lvr in its standard score (std dev= $1.037) by 0.01037 is equivalent to
multiplying Ivr by exp (0.01037) by 1.010424. After rounding, a relative increase in the price of Ivr
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agglomeration theory, residential land rent is assumed to trade-off with transport costs.
Theoretically, higher accessibility offers a land rent premium, which thus increases
urban productivity due to higher agglomeration. If these assumptions are applied to
the train trip production model, it may suggest that people would choose to live in an
expensive area when they can avoid a high transport cost, such as by working in the
same area as their home. In addition, the reduction in transport cost may also imply
lower travel distances and thus discouraging the use of trains from residential suburbs.
Instead, employed residents probably would use a more suitable mode for shorter
travel distances such as by non-motorized transport or by bus. On the other hand, from
the perspective of the LUTI framework, the negative influence of expensive land rents
on train trip production is commonly viewed as a socio-economic impact, due to, for
example, the common believe that rich people are not interested in using public

transport.

The housing-job balance parameter, as measured by In_jwr had a positive linear
relationship with train trip production, when it might have been expected to give an
inverse contribution. It may be suggested that job-rich suburbs still produce some
degree of train trip production. From the SETI perspective, this means that suburbs
with higher productivity are likely to attract more people and activity. Thus, although
the proportion of jobs is higher than that of residences, increasing jobs in these suburbs

may facilitate higher train ridership production as well.

While the negative influence of residential land values on train trip production has
been as expected, the positive influence of the ratio of job to employed residents
produced an opposite result to expectation. The negative influence of residential land
value on train ridership production is plausible given higher land value have mostly
emerged in the Perth CBD area and its inner suburbs in surrounding the CBD. High
self-sufficient is likely to emerge in the CBD and inner suburbs areas, where employed
residents would probably work in the same locations or the surrounding areas, as they

(land value of residential land use) of 1% multiplied the proportion of train trip production by 0.73 in
the LUTI model, by 0.735 in SETI h1 and by 0.71 in SETI h2b
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trade-off paying for high land costs with lower transport costs. Thus, there is no
incentive for increasing train trip production if the self-sufficiency of a suburb is high.

On the other hand, as seen in the place of work model, job density has been the only
land use variable that contributes to train trip attraction for workplace suburbs. Map
6.24 shows that the higher values of the natural log of job density may be found to
emerge around the railway line and closer to stations, especially those in Fremantle,

Midland, and some parts of the Armadale and Joondalup lines.

The Transit Cooperative Research Program (TCRP) study found that an elasticity of
commercial floor space on ridership was around 0.5, which is, a doubling of floor
space (building activity) was associated with a 50% increase in the ridership of
Metrorail (Cervero et al., 2004, p. 154). In terms of the multiplicative effects, this value
was therefore equivalent to a factor of 1.5. In this research, the model found
comparable results to that of the TCRP study, where the multiplicative effect of In job
density on train trip attraction was determined to be 1.339 in the LUTI model (an
increase of 33.9%), 1.451 in the SETI h1lb model (an increase of 45%) and 1.385 in
the SETI h2b model (an increase of 38.5%).

In place of work model or train trip attraction (see table 6.2), the square root of land
value for non-residential land use, or sr_lvnr, was found to be only statistically
significant in the LUTI model at the 90% level of confidence, and was not statistically
significant in both of the SETI models after adding the effective density variable. This
may reflect the strong correlation between sr_Ivnr, which is an indirect proxy or partial
measurement of urban productivity, and the effective density. The correlation between
sr_lvnr and effective job density was 0.55, while the correlation between sr_Ivnr and
effective employed resident density was 0.64. The addition of the agglomeration
variable to the LUTI model has had the effect of rendering some of the land use
variables statistically insignificant in the SETI model. Job-housing balance, i.e. the
ratio of job to employed resident (In_jwr), was statistically insignificant in all models
of train trip attraction. However, natural log of job density was remained statistically

significant and even stronger after adding effective density into the model. The

Chapter 6: Comparing the LUTI and SETI frameworks for deriving train ridership
determinants 185



Assessing the impacts of agglomeration on train ridership under the spatial

economic transport interaction framework

influence of the job density variable outweighed the influence of transportation

variables and all socio-economic/demographic. Furthermore, the influence of job

density was stronger when modelled in SETI hlb and h2b than when modelled in

LUTI.
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Figure 6.26 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables in the land use component on the proportion of train
ridership (train trip attraction model)

As shown in table 6.2, an increase of one standard deviation of sr_lvnr (std dev= $15.4
or equal to $237 per square meter land of non-residential land use) multiplied the
proportion of train trip attraction by 1.125 (an increase of 12.5%) in the LUTI model.
This result appears compatible with the agglomeration concept, as it applies to
workplace suburbs. Land rent may be seen as a trade-off with transport cost. Higher
accessibility implies higher land rent and this increases urban productivity due to
higher agglomeration. Locations with higher agglomeration externalities were
expected to attract more train ridership to workplace areas. Increasing In_jobd (std
dev= 1.745) by 1 percent of its standard score by (0.01745) multiplied the proportion
of train trip attraction by 1.339 in the LUTI model (an increase of 33.9%), 1.451 in
SETI hlb (an increase of 45.1%), and 1.385 in SETI h2b* (an increase of 38.5%).

The impact of the Perth-Mandurah railway line extension on land use development
may exhibit risks of urban sprawl due to long urban lines, encouraging greater
settlement at further distance from the central city. Ewing (1997) had defined the term

“urban sprawl” based on four components: the expansion of leapfrog development,

% ncreasing In_jobd (std dev= 1.745) by 0.01745 is equivalent to multiplying job density by exp
(0.01745) or by 1.0176. After rounding, a relative increase in job density of 1.76% multiplied the
proportion of train trip attraction by 1.339 in the LUTI model, 1.451 in SETI hlb, and 1.385 in SETI
h2b.
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commercial strip development, low density development, and single-use development.
Recently, Hamidi and Ewing (2014) pointed out the factor underlying those four
components, i.e. poor accessibility. Poor accessibility may be observed in low density,
single-use and leapfrog development where activities are segregated by large and
many areas of vacant lands. Further negative implications of urban sprawl may emerge

in terms of longer travel distances, which often are conducted by automobiles.

In this thesis, the tendency toward urban sprawl was measured by the percentage of
land/property area sold following the rail extension of 2007-2013. The figures were
compared between suburbs adjacent to the Mandurah railway line to the totals for the
Perth metropolitan area. The land/property value transaction data included more than
300,000 transactions for the whole Perth metropolitan region during 2007 — 2013
(©Western Australian Land Information Authority - Landgate, 2014), accounting for
atotal 40,453.57 Ha of land area sold. In order to check for indications of urban sprawl,
a three-kilometre buffer area was drawn along the Perth-Mandurah railway line,
resulting in 67 suburbs within those buffer areas. There were 62,073 transactions from
these areas which accounted for 4,882.768 ha land area sold. These figures represented
21% of the number of land transactions and 12% of the total land area sold in the whole
Perth metropolitan region. In terms of total suburb land area, there were 446,398 ha of
land area in the whole Perth metropolitan region, and the 3 km buffer area along the
Perth-Mandurah railway line accounted for only 8.38%. The proportion of new land
use development during 2007-2013 in the three-kilometre buffer areas to the total land
area sold in Perth metropolitan was higher than the proportion of the buffer land area
to the total Perth metropolitan land area. This may therefore be an indication of urban

sprawl after the railway line extension along the Mandurah line.

An increase in unsustainable mobility patterns, such as travel distances and car use,
most likely would be a poor outcome as a result of urban sprawl (Garcia-Palomares,
2010). A comparison between the number of work trips (commuter) made by trains
(all working trips involving trains) and cars (car drivers and car passengers) before-

and-after the railway line extension was carried out. The number of modes were
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calculated for the whole Perth metropolitan region and for suburbs located adjacent to
each of the railway lines. The results showed that the growth in the number of train
uses was much higher than that of cars. The overall growth in the number of working
trips made by train at the metropolitan level was 23.8% annually compared to that
made by car, which was 3.02% annually over the period of 2006 — 2011. Deriving
these figures at the suburb level and for each train line platform shows that the growth
of train use for suburbs located in along the Mandurah line was 101.4% annually,
compared to the growth figures for Fremantle, Midland, Joondalup, Armadale, and
outside the platforms, which were 9.7%, 10.8%, 7.4%, 10.6% and 25.2% annually over
the same period. Interestingly, the growth in car use was much lower than that of train
use, and this growth is similar in the magnitude to that within platforms. For example,
suburbs along the Mandurah line experienced growth in car use of 3% annually
compared to Fremantle (1.9%), Midland (3.8%), Joondalup (1.5%), Armadale (4.7%)
and suburbs located outside the platforms (3.7%). “If sprawl has any widely accepted
outcome, it is automobile dependence and heavy automobile use” (Shima and Reid,
2014, p. 72). Referring to the travel data for the study area, there was an indication of
lesser car dependence within suburbs adjacent to the Perth-Mandurah railway line,
with the implication that the Perth-Mandurah railway line extension may be regarded

to have had benefits of a more sustainable travel pattern.

6.3.4 Agglomeration or spatial economic variables

The interaction term between effective employed resident density and effective job
density was added to the SETI models hl and h2 to create the SETI hlb and h2b
models. In the overall train trip production model, the contribution of the SETI h2b
model (effective job density and its interaction term) to the total variance in the LUTI
model was 2.1%. The interaction terms for effective employed resident density were
not statistically significant, therefore model SETI hlb was not considered for this
variable. The contribution of effective employed resident density without the
interaction term in the SETI h1 was 3.05%. Therefore, the model of effective employed

resident density without the interaction term (model SETI h1l) was considered to be
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the best model for explaining train trip production. The relationship between effective
employed resident density and train ridership was not influenced by the distance

between residential suburbs and train stations.
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Figure 6.27 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables in the spatial-economic (effective density) component on
the proportion of train ridership (Place of residence or train trip production model)

Including the interaction term, an increase of one standard deviation of effective job
density (equal to 4,709 job opportunities) in residential suburbs when the distance
between the suburb and train station is within one standard deviation of In_avedist (or
equal to 2 km) multiplies train ridership production by 1.0377 (an increase of 3.77%).
However, when the distance of the suburb is within two standard deviations of
In_avedist (equal to 4 km), increasing one standard deviation of effective job density
multiplied the proportion of train trip production by 1.3675 (an increase of 36.75%).
Thus, the influence of effective job density in residential suburbs two standard
deviations from the train station is 1.32 times greater than for the closer suburbs. In
the model without the interaction term (SETI h1), increasing one standard deviation of
effective employed resident density multiplied the proportion of train ridership by
1.4348 (an increase of 43.48%).

In the train trip attraction model, effective densities including the interaction term in
the SETI model were found to be statistically significant, both in terms of effective
employed resident density (h1b) and effective job density (h2b). The interaction effects
produced a negative relationship with train ridership, while the original coefficient of

effective density positively influenced ridership. The influence of effective density on
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ridership depends on the value of In_avedist: This effect became less positive (or more
negative) with an increase in the distance between workplace suburbs and train
stations. The following graph (Figure 6.28) illustrates this. The influence of effective
employed resident density for workplace suburbs placed one standard deviation closer
to the train station was 1.6 times greater than the influence of effective employed
resident density for the farther suburbs. Similarly, the influence of effective job density
for workplace suburbs placed one standard deviation closer to the train station was 1.3

times greater than the influence of effective job density for the farther suburbs.
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Figure 6.28 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables of the spatial-economic component (effective employed
resident density with the interaction term) on the proportion of train trip attraction
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Figure 6.29 Illustration of plots of the multiplication effect based on the standardized
value of predictor variables of the spatial-economic component (effective job density
with the interaction term) on the proportion of train ridership attraction
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6.4 CHAPTER SUMMARY

This section discussed the comparisons between the LUTI and the SETI models for
train trip production and attraction. The comparison aimed to determine the strength
of each adjusted SETI model, with and without agglomeration, relative to the LUTI
model (hypothesis 2).

This thesis has discussed variables for people, transport, land use components and
effective density and their relationship to train ridership. The socio-demographic
components being discussed were focused on job and employed resident structure,
based on industry sector and type of occupation. Some socio-demographic variables
that are part of the mainstream LUTI literature, such as income level and car
ownership, were also used. Few studies have mentioned the importance of
employment and occupation structures in train ridership (Hall 1969, Gutierrez 2011,
Wang & Chai 2009).

Socio-economic variables remain an important determinant of train ridership in most
train ridership modelling studies. This study found car ownership and income level
negatively influence train trip production. Car ownership variables contain
implications for the adjustment of behaviour to changing urban structure and the
accessibility level of urban areas, as well as describing the socio-economic background
of a household. Variables like income or wage level are often discussed as part of job
location, residential location mobility, and trade-offs between wage and transport costs
relationships, in addition to explaining the vertical segregation of households or
individuals. Other study has found car ownership has a strong association with choices
to use trains or cars for those who live in within station precincts (de Grange at al.,
2012).

In terms of transportation or accessibility variables, this thesis found that train trip
production and attraction have been more sensitive to the influence of road network
travel distance, notably an indicator performance of competing mode, such as buses
and cars. Note that the high dependence on car has been a trademark of Perth’s city

has made Perth’s train ridership level depends much on the level of service of its
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competing modes. Low centrality by car corresponds with higher train ridership. This
has been suggested in other study. The ratio of public transport to road supply has
positive correlation with the total travel distance by public transport (\Van de Coevering
& Schwanen, 2006).

The level of influence of the transportation component is much stronger than the level
of influence of socio-demographic/economic variables. Similarly, other study found
that the important of accessibility parameter (by public transport) appeared to be more

important than household income and vehicle ownership (J. Lin & Long, 2008).

The influence of land use variables were less than that of transportation variables but
approximately similar to the influence of the socio-economic/demographic variables.
Kain and Liu (1999) found that the accessibility factors is more important than land
use factors such as land use mix and density in influence the travel behaviour. This has
related with the direct effect of accessibility on ridership, such as the policy of
expanding train networks will stimulate the use of public transport (de Grange et al.,
2012).

The SETI h1 model was the preferred model for describing train trip production, and
the SETI h1b model for the train trip attraction.
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CHAPTER 7. THE GEOGRAPHICAL EXTENT OF
AGGLOMERATION

7.1 INTRODUCTION

This chapter discusses the third research hypothesis in relation to the model for train
ridership prediction and the discussion on the overall model fits. The first part of
discussion examines the geographical extent of the influence of agglomeration, in
terms of effective density, on train trip production and attraction. This has been part of
testing research hypothesis 3. The analyses have been conducted on the all-sector
model and the sector-based model (the construction, manufacturing, and retail sectors)
in both the LUTI model with the interaction term and the SETI model with the

interaction term.

The second part of the discussion compares the LUTI model to the SETI model,
specifically examining the extent to which effective density improves the prediction
capability of the latter model. This relates to the testing of hypothesis 2. The section
compares the model fits for the LUTI and the SETI models in terms of their prediction
capability. First, the overall changes in model fit that are indicated by the adjusted R-
square and the changes in R-square (coefficient of determination) between the LUTI
to the SETI model are discussed. Secondly, the contributions of effective density

variables to any improvements of the LUTI model are measured in terms of the
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coefficient of partial determination and their significances by the partial F-test statistic.
Thirdly, both the LUTI and the SETI model are compared, in terms of their future
prediction capability, based on external validation or back-testing using the 2006 data

set. Discussion in this section also emphasizes the all-sector model.

7.2 THE GEOGRAPHICAL EXTENT OF AGGLOMERATION
7.2.1 Method

The interaction effect was included in the model in order to examine the geographical
extent of agglomeration, measured from train station as the focal point. The interaction
term was constructed as a representation of the magnitude of agglomeration (effective
density) and the average distance of a suburb from the nearest train station. The
interaction terms incorporate the information about how much the influence of
agglomeration on train ridership depends on the average distance of a suburb from the
nearest train station, thus creating a measure of geographical extent of the influence of
agglomeration. In this way, the interaction term may be able to show the threshold

distance values beyond which agglomeration no longer will influence train ridership.

The examination of the geographical extent of agglomeration has based on on the value
of the unstandardized beta coefficient. The model of train ridership prediction in the
form of logarithmic-transformed variables of OLS regression incorporates the

interaction term as followed: (Taplin, 2016)

In(y) = Bo + Bix1 + -+ BuXn + Brny1XmXn + &, where m < n Equation 7.1

The number of predictor variable is represented by n. The m and n are different values
from the set 1, 2, ...n. The product of x,,x,, denotes the interaction effect between the
average distance of a suburb to the nearest train station (x,,) and the effective density
(x,,). To simplify, the interaction terms may be written as a single predictor regression,

hence the coefficient for x,, may account for the influence of x,,,.

ln(y) = .BO + ,lel + - +,Bn—1xn—1 + (.Bn + .Bn+1xm)xn +e& Equation 7.2
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Therefore, the relationship between In(y) and x,, now depends on the value x,,. The
multiplicative effect from the interaction term is interpreted as: increasing x,, by A,
increases In(y) by (Bn + Bn+1Xm)Ay (Taplin, 2016).

The multiplicative effect of increasing x,, by A,, on the proportion of train ridership is

calculated as follows (Taplin, 2016):

V(X1,X2,0Xnt Dp)

182080 0) — exp(B + sam)*n = (eXP(Bn) (eXP fs1)™m)n Equation 7.3
1A2s AN

The comparison of models in this section is performed for both the all-sector model
and the sector-based models (for the construction, manufacturing and retail sector). In
the sector-based models, some sector-specific variables in the LUTI model consisted
of natural log of job density and natural log job to employed resident ratio (only for
train trip attraction); employed resident density and natural log job to employed
resident ratio (for train trip production). All other variables involving transportation
(accessibility), socio-demographic/economic, and land value were used in any of the
sector based models. In the SETI model, all of predictor variables in the LUTI model
were included, with an addition of sector-specific variables for effective density, such

as the sector based effective employed resident density and effective job density.
7.2.2 Results

7.2.2.1 Train trip production model

In the model of train trip production (residential suburbs), the agglomeration variable
modelled in SETI with the interaction term was determined to be statistically
significant for the all-sector model, and for the construction and manufacturing sectors
of the SETI h2b (effective job density) model. Effective employed resident density

was not statistically significant in any of the train trip production models.

There was a positive unstandardized coefficient of interaction in all of SETI, based on
the effective employed resident density (model SETI hl), such that as distance
between residential suburbs and train stations increased, the magnitude of influence of

effective density on train ridership increased (table 7.1).
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The model also shows the threshold value of distance beyond which effective job

density will not influence train trip production. When a train station is located within

2.2 km from a residential suburb, then the variable of effective job density modelled

in SETI h2b had no effect on train trip production. Specific sectors such as the

construction and manufacturing sectors were found to have similar threshold lower

bound distances, such as 2.7 km in the construction sector of the SETI h2b model and
1.73 km in the manufacturing sector of the SETI h2b model (table 7.1).

Table 7.1 Multiplicative effects of effective density with interaction term — train trip
production (SETI h2b model)

Variable

Unst.
beta
coeff.

Stand.

beta
coef.

Sig

Exp
(S )]

Exp
(C0)]

Multiplicative
effect

Threshold
lower bound
distance

The All sector Effective
model hlb employed
(appendix 20 resident
page 315) density

Interaction 0.024 0.16 0.292 nla

effect
The All sector ~ Effectivejob ~ -0.044  -0.239 0.028 0.957 0.787 =[0.957* =0.044/0.044=
model h2b density (1.045Mn_avedist)] 1or=2.7182
(appendix 22 "deltaejd km
page 317 Interaction 0.044  0.276 0.016 1.045 1.318

effect
The Effective 0.067  0.149 0.387 nla nla nla
Construction employed
model hlb resident
(apeendix 24 density
page 318 Interaction 0.038  0.157 0.263 nla

effect
The Effectivejob ~ -0.124 -0.389 0.002 0.883 0.678 =[0.883* =0.124/0.125=
Construction density (1.1337In_avedist)] 0.992 or=2.7
model h2b "deltaejdc km
(appendix 26 Interaction 0.125 0.495 0 1.133 1.640
page 319) effect
The Effective 0.102  0.237 0.147 nla nla nla
Manufacturing  employed
model hlb resident
(appendix 28 density
page 321) Interaction 0.016  0.094 0.587 nla

effect
The Effectivejob  -0.04  -0.175 0.254 0.96 0.833 =[0.96* =0.04/0.073=
Manufacturing  density (1.076”7n_avedist)]  0.548 or =
model h2b "deltaejdm 1.73 km
(appendix 30 Interaction 0073 0541 0.001 1.076 1.718
page 322) effect
The Retail Effective 0.103 0.22 0.21 nfa n/a n/a
model hlb employed
(appendix 32 resident
page 324) density
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Interaction 0.28 0.09 0.44 nla
effect
The Retail Effective job  -0.033  -0.128 0.274 nla nla nla
model h2b density
(appendix 34
page 325) Interaction 0.044  0.187 009 nla
effect

The increase in influence of effective density with distance from the train station might

be explained in three ways:

First, the fact that effective density has been measured using the travel time for park-
and-ride may influence the way in which effective job density influences train trip
production. Park-and-ride serves residential suburbs when they are within a distance
that cannot reasonably be served by other alternative modes of station access, such as
by walking and bicycle. This implies that residential suburbs farther from the station
may generate more train production provided the park-and-ride facilities are available.
On the other hand, residential areas closer to the train station can easily access the
station by walking or bicycle. Thus, the stronger influence of effective job density for
more distant residential suburbs may refer to the possibility of this variable reflecting

the dominance of park-and-ride travel behaviour.

Secondly, the spatial distribution of effective density has shown that the magnitude of
effective density follows a distance-decay pattern. This means that the magnitude of
effective density is lower in residential suburbs located further from the train station
(see Chapter 5). Thus, increasing effective density in the areas where job opportunities
were previously low may create a stronger multiplicative effect on train ridership than
increasing effective density at the same level in other places. Increasing effective
density implies also improvements in the accessibility of these areas, such that
increasing accessibility may have caused greater impacts on the relative influence of
effective job density on train ridership compared to other areas.

Thirdly, a lesser influence of effective job density on train trip production for
residential suburb located near train stations might be due to the fact that effective job
density had been very high for suburbs near stations hence the chance of attracting
train trips was more likely than to produce trips. Employed residents living in this area
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may possibly have jobs within the same suburb, making use of the job intensity, thus
fewer train trips would be produced or more short distance trips would be produced,

resulting in lower train trip production.

Table 7.2 showed the multiplicative effects as they vary by distance, including those
residential suburbs located within 100 meters, 1km, 10km and 20 km. The highlighted
rows identify the cut-off distance at which effective density no longer influences train
ridership (multiplicative factor = 1). The influences are compared to the influence of
the land use density variable, i.e. employed resident density, within the same variable

distances, on train trip production.

From the model results, increasing the same amount of effective job density in suburbs
within 1km from a train station had negative (smaller) multiplicative effects on train
ridership production than that of suburbs within farther distance rings. Since effective
job density was counted in 1000 units, the regression model indicated that increasing
1 units of effective job density (1000) in the benchmark model (equalling 0.212 of its
standard deviation), with other things being equal, multiplied train ridership by 0.957
for suburbs within 1 km distance (a decrease of 4.3%), but multiplied ridership by
1.004 (an increase of 0.4%) at a distance of 3km. An additional example is that
increasing the effective job density by one standard deviation (equal to 4.717 job
opportunities counted in 1000 units) resulted in the multiplicative effect on train
ridership of 0.81276 (a decrease of 18.7%) when the suburb is located within 1 km
from train station, while increasing effective job density by the same amount for
residential suburbs within 3 km from stations multiplied ridership by 1.019 (an
increase of 1.9%).

This pattern also applied to other sectors, where the construction sector was noted to
generate the highest increases in train ridership production, relative to the

manufacturing sector and the all-sector model (table 7.2).
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Table 7.2 Multiplicative effects of effective density including the interaction term
varied by distance — train trip production (SETI h2b model)

Variable (X) Distance of In dist Multiplicative effect of
origin suburb to Xon'Y the proportion

train station (km) of train ridership

sector model all sector in 1000 0.1 -2.303 0.865
units) 1 0.000 0.957
2.718282 1.000 1.000

3 1.099 1.004

5 1.609 1.027

10 2.303 1.059

20 2.996 1.092

Effective job density (the 0.1 -2.303 0.662
S?q?f;)rUCtlon sector in 100 1 0 088338
2.696622 0.992 1

3 1.098612 1.013416

5 1.609438 1.080236

10 2.302585 1.178006

20 2.995732 1.284625

Effective job density (the 0.1 -2.303 0.811
umnai?su)factu ring sector in 100 1 0 096
1.777739 0.575342 1

3 1.098612 1.04

5 1.609438 1.08

10 2.302585 1.136

20 2.995732 1.195

Figure 7.1 illustrates the relative strength of multiplicative effects between sectors on
train trip production. The effective construction job density had the highest influence
compared to the manufacturing sector and to all sectors. The pattern of lines indicates
a stronger positive effect as residential suburbs are located further from the train
station.

On the other hand, the LUTI model demonstrated that the interaction terms between
employed resident density and distance to stations were statistically significant for the
all-sector model, the construction, and the retail models. However, the interaction term

relating the employed resident density to distance of residential suburb to the train
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station appears to have a limited contribution to train ridership. For example,
increasing 1 employed resident per sq km (equal to 0.002159 of its standard deviation),
resulted in a multiplicative effect of 1 in every location, i.e. there was no influence
from employed resident density on train trip production everywhere (see the result in
table 7.3 and 7.4).
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Figure 7.1 Multiplicative effect of effective job density on train trip production,
compared between sectors (SETI h2b model)

Chapter 7: The geographical extent of agglomeration 204



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

Table 7.3 Multiplicative effect of employed resident density with interaction term
varied by distance — Train trip production (LUTI model)

Variable Unst beta Stand Sig Exp Exp Multiplicative cut-off lower
beta (unst) (std) effect bound

LUTI
All sector Employed -.00020 -.10434 33728 1.000 0.901 =[1.000*(1.000 =0.0002/
(appendix 12 resident A o 0.00037 =
p. 310) density In_avedist)] 0.524 or 1.69
deltawod km

Ln distance  -.85642 -.67709 .00000 0.425 0.508

to train sta

Interaction .00037 25371 .00683 1.000 1.289

effect
Construction  Employed -.00083 -.04284 74122 0999  0.958 =[0.999* =0.00083/
(appendix 14  resident (1.0037n_avedist)]  0.00338=

. 312 densit 0.245 or

P ) y "deltawodc 1.277 km

Ln distance  -.82434 -.65172 .00000 0439 0.521

to train sta

Interaction ~ .00338 .26634 .02545  1.003  1.305

effect
Retail Employed -.00182 -.097 .398 0.998  0.907 =[0.998*(1.003 =0.00182/
(appendix 18  resident A A 0.00289=
p. 314) density In_avedist)] 0.629 or 1.87

deltawodr km

Ln distance  -.839 -.663 .00000 0.432 0515

to train sta

Interaction .00289 21663 .036 1.003 1.242

effect

Table 7.4 Multiplicative effect of employed resident density with interaction term

varied by distance — Train trip production (LUTI model)

Variable (X) Distance of In dist multiplicative effects
origin suburb of Xon Y train

to train ridership
station (km)

Employed resident density (the all

sector) 1 0 0.999803898
1.68903 0.524154 1
10 2.302585 1.000665652
20 2.995732  1.000925211
Employed resident density
(construction) 1 0 0.999172745
1.277343 0.244782 1
10 2.302585 1.006981589
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20 2.995732  1.009344214
Employed resident density (retail
ploy: y ( ) 0 0.998
1.729274 0.547702 1
10 2.302585  1.004
20 2.995732  1.007

Thus, employed resident density with the interaction term (in LUTI model) was
observed to have no influence on train trip production, while effective job density with
the interaction term (in SETI h2b model) produced a statistically significant influence
on train trip production. These influences level were variable with the distance of the
residential suburb from the nearest train station. Therefore, policy that attempts to
maximize the effect of effective job density on train trip production should consider
the spatial distribution of stations relative to the distribution of residential suburbs in
the system.

7.2.2.2 Train trip attraction model

In the train trip attraction model (for workplace suburbs), the effective density variable,
modelled in SETI with the interaction terms hlb and h2b, was calculated to be
statistically significant in all models. Thus, the comparison of the influence of the
interaction terms for job density and effective density may be made for all models of
SETI h1lb and h2b.

Table 7.5 clearly shows negative unstandardized coefficients for interaction terms in
all of the SETI models; also note that, as the distance of a workplace suburb from the
train station increases, the magnitude of influence of effective density on train
ridership was calculated to decrease. This means that the effective density and the
proportion of train ridership were often higher when the workplace was closer to the
train station. When the train station serving the workplace suburb is beyond 7 km
distance, then the effective job and employed resident density were calculated to have
no effect on train ridership attraction. Thus, locating jobs within the station precinct
may be considered necessary in order to capture the maximum benefit of

agglomeration in increasing train trip attraction.
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Table 7.5 Multiplicative effect of effective density with interaction term — train trip

Variable

attraction (SETI h1lb and h2b model)

Stand.

beta

coef.

Multiplicative

effects

The threshold
distance upper

bound

The All Effective =[1.254*(0.891"In_  =-0.226/-0.115
sector hlb employed avedist)]” deltaeder ~ =1.9652
(appendix resident density =7.1365 km
44 page Interaction -0.115 -0.479 0 0.891 0.619
331) effect
The All Effective job 0.132 0.443 0.002 1.141 1.557 =[1.141*(0.932"In_  =-0.132/-0.07 =
sector density avedist)]" deltaejd 1.8857=6.59
SETI h2b km
(appendix  Interaction -0.07 -0272 0009 0932  0.762
46p.333)  effect
The Effective 0.229 0.316 0.009 1.257 1.372 =[1.257*(0.872"In_  =-0.229/-0.137
Constructio  employed avedist)]* =1.67=5.32
n model resident density deltaederc km
hib Interaction -0.137  -0.352  0.006 0.872 0.703
(appendix effect
48 p. 334)
The Effective job 0.161 0.314 0.013 1.175 1.369 =[1.175*(0.870"In_  =-0.161/-0.139
Constructio  density avedist)]” deltaejdc = 1.158=3.184
n model km
h2b Interaction -0.139 -0.341  0.004 0.870 0.711
(appendix effect
50 p. 336)
The Effective 0.279 0.395 0.003 1.322 1.484 =[1.322*(0.880"In_  =-0.279/-0.128=
Manufactur ~ employed avedist)]* 2.1797 =8.84
ing model resident density deltaederm km
hib Interaction -0.128  -0.456  0.003 0.880 0.634
(appendix effect
52 p. 337)
The Effective job 0.089 0.24 0.067 1.093 1.271 =[1.093*(0.939"In_  =-0.089/-0.063
Manufactur  density avedist)]” deltaejdm  =1.41=4.1 km
ing model Interaction -0.063  -0.29 0.03 0.939 0.748
h2b effect
(appendix
54 p. 339)
The Retail Effective 0.203 0.272 0.035 1.225 1.313 =[1.225*(0.890"n_
model h1b  employed avedist)]” deltaederr  =-0.203/-0.116=
(appendix resident density 1.75=5.75 km
56 p. 340) Interaction -0.116 -0.257 0.022 0.890 0.773

effect
The Retail Effective job 0.072 0.171 0.119 1.075 1.186 =[1.075*(0.921"In_  =-0.072/-0.082
model h2b  density avedist)]” deltagjdr = 0.878=2.4 km
(appendix Interaction -0.082 -0.217 0.029 0.921 0.805
58 p. 342) effect

Interestingly, specific sectors such as the construction, manufacturing, and retail

sectors were found to have different threshold upper bound distances than those of the
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train production model. In order to capture the benefit of effective employed resident
density on train ridership, the workplaces for construction should be located within 5
km of the station; and within 3 km to capture the benefit of effective job density.
Similarly, for the manufacturing sector, train stations serving workplaces in
manufacturing should be no more than 8 km and 4 km away, to capture the benefit of
effective employed resident and job density respectively. The retail sector was the
most sensitive sector in relation to the influence of train station distance to effective
job density on train ridership. Workplaces for retail jobs should be no farther than 2
km from the train station and 5 km to capture the effective employed resident and job

density respectively.

The explanation for why the effective job and employed resident density may have
been stronger for workplace suburbs nearer stations may be explained in a way
conversely to the explanation for the case of residential suburbs (section 7.2.2.1). First,
the fact that effective density is measured using the travel time for park-and-ride,
means that employed residents leave their car at the train station nearest their
residential suburb. Once they arrive at their destination, they are likely to prefer to take
the minimum egress time (i.e. the time it takes to walk from the destination station to
their job locations), and therefore workplace locations closer to the train station
become more attractive for train trips. This highlights the importance of minimizing

the egress time for train users once they reach the destination stations.

Secondly, based on the distance decay pattern of effective density, the area within 0-2
km of the station are notably the densest areas in the metropolitan region. Increasing
effective density in these highly developed areas of the metropolitan region create
positive externalities on train ridership, probably due to two facts: the worse
congestion in these areas and the limited car parking spaces deters people from using

cars or other street based travel modes, including perhaps buses.

Thirdly, the train trip attraction model found that effective job density had a weaker
relationship with train trip attraction than effective employed resident density,
probably due to the fact that jobs in the nearby workplace suburbs will also attract
ridership - there may be competition in attracting ridership between nearby workplace
suburbs. On one hand, closer to the train station, this job competition in attracting trips
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may become greater, thus lowering the influence of effective job density for suburb in
question. On the other hand, the strong influence of effective employed resident
density also implies lower self-sufficiency among residential suburbs. Thus, people
living in residential suburbs travel by train to their workplaces near stations more than

to areas further from train stations.

Table 7.6 showing the multiplicative effect of the interaction terms, varying with
distance for workplace suburbs located within 100 meters, 1 km, 10 km and 20 km of
the station. The highlighted rows in table 7.6 indicate the threshold distance at which
the effective density no longer influences train ridership (multiplicative factor = 1).
These influences are compared to the influence of the land use density variable, i.e.

job density, on train trip attraction.

Table 7.6 Multiplicative effect of effective density with interaction term varied by
distance — train trip attraction (SETI h1b and h2b model)

Variable distance of In dist multiplicative Variable  distance of In dist multiplica
X) destination effect of X on X) destination tive effect
suburb to Y train suburb to of XonY
train station ridership train train
(km) station ridership
(km)
Effective 0.1 -2.303 1.634 Effective 0.1 -2.303 1.341
employed  —7 0 1.253576 job 1 0 1.141108
resident density
density 2 0.693147 1.15753 (The 2 0.693147 1.087063
(The all 3 1098612  1.104795 benchmar =3 1098612 1.056643
sector k sector in
model in 5 1.609438  1.041763 1000 5 1.609438  1.019528
1000 units) 7136464 1.965217 1 units) 6591061  1.885714 1
10 2.302585  0.961946 10 2.302585  0.971241
20 2.995732  0.888244 20 2.995732  0.925241
Effective 0.1 -2.303 1.724 Effective 0.1 -2.303 1.618
employed =7 0 1.057342 Job 1 0 1.174685
resident density
density 2 0.693147  1.143437 (constructi 2 0.693147  1.066788
(constructi =3 1098612 1.081653 onin100 —37ezzz 1158273 1
onin 100 units)
units) 5.320317 1671533 1 5 1.609438  0.939214
10 2.302585  0.917178 10 2.302585  0.852946
20 2.995732 0.834089 20 2.995732 0.774601
Effective 0.1 -2.3026 1.7749 Effective 0.1 -2.3026 1.2637
employed =7 0 1.321807 job 1 0 1.093081
resident density
density 2 0.693147 1.209585 (all 2 0.693147 1.046375
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(manufact 3 1.098612  1.148409 manufactu 3 1.098612  1.019984
‘fgg‘gr:ﬂs) 1.609438  1.075722 rligg L'JT“ ) 4107023 1412608 1
8.843542 2179688 1 5 1609438 0.987682
10 2.302585  0.084392 10 2.302585  0.04548
20 2.995732  0.000816 20 2.995732  0.005081
Effective 0.1 2.303 1.600 Effective 0.1 -2.303 1.298
employed =7 0 1225072 job 1 0 1.074655
resident density
density 2 0.603147  1.130426 (retail i 2.4062 0.878049 1
gﬁéai'niirt‘s) 3 1.0986123  1.078489 100 units) =3 1.0986123  0.982076
5754603 1.75 1 5 1.6094379  0.941789
10 2.3025851  0.937911 10 2.3025851  0.889752
20 2.995732  0.865451 20 2.9957323  0.840591

From the model results, increasing the effective employed resident density for
workplace suburbs located within 1-2 km of the train station was found to have a larger
multiplication effect on train ridership than increasing effective employed resident
density by the same amount to location within farther distance rings. As effective
employed resident density has been counted in 1000 units (0.361 standard deviation),
the regression model showed that increasing 1 unit (1000) of total effective employed
resident density for the benchmark sector in workplace suburbs located within 1-2 km,
multiplied train ridership by 1.157 to 1.25 times (an increase of 15.7% — 25%), other
things being equal, while increasing it by the same amount for locations within 3-5 km
from station, multiplied ridership by 1.04 to 1.109 times (an increase of 4%-11%).
Using one standard deviation increase in effective employed resident density (equal to
2,770 of employed resident opportunities) multiplied the proportion of train trip
attraction by 1.497 to 1.855 (an increase of 49.7 — 85.5%) for suburbs within 1-2 km
from train station; while increasing it by the same amount on suburbs located within
3-5 km from the station multiplied the proportion of train trip attraction by 1.1147 to
1.33 (an increase of 11.5% - 33%).

Moreover, referring to the TOD policy that utilises the concept of densification within
800 meters from train stations, increasing 1 unit (=1000) of effective employed
resident density in the benchmark sector of the TOD precincts (800 meter radius
around the train station), all other things being equal, would multiply ridership by
1.286 (an increase of 28.6%). Increasing this effective density by one standard
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deviation (equal to 2,770 of employed resident opportunities) within the TOD precinct
would multiply the proportion of train trip attraction by 2.007 (an increase of 100.7%).

The same relationship applies to other sectors such as the construction, manufacturing,

and retail sectors and to the other agglomeration type (effective job density).

[myave dist - benchmark all
- secfor

_lave_dist - construction
1.300] ave_dist - manufacturing
I ave_dist - retail

1.2007

1.100-

W Positive influence
1.000- N
b ey Megative influence

train ridership attraction

8005

800

Multiplier effect of employed resident agglomeration on

700 T T 1 1 | 1 T 1
0 2 4 & 8 10 12 14 16 18 20 22 24 26
Average distance of workplace suburb to train

station (km)

Figure 7.2 Multiplicative effect of effective employed resident density compared

between sectors

Figure 7.2 illustrates the relative strength of multiplicative effects on train trip
attraction between sectors. Effective employed resident density in the manufacturing
sector had a higher influence than all sectors combined, the retail sector and the
construction sector. The graph indicates a stronger negative effect as the distance from

the train station increases.
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Figure 7.3 Multiplicative effect of effective job density compared between sectors

Similarly, figure 7.3 illustrates the relative strength of multiplicative effects between
sectors for effective job density. Effective job density for the manufacturing and
construction sector had a higher influence than the retail sector, whereas all sectors
combined (the benchmark) were calculated to have the highest effect on train ridership
after a certain distance. The graph indicates a stronger negative effect with increasing

distance from the train station.

On the other hand, the multiplicative effect of job density with the interaction term on
train ridership outweighs the influence of effective density with the interaction term.
After including the interaction term, the contribution of natural log of density on
ridership was always positive, and reduced with increasing distance of the workplace
from the train station. Increasing 1 unit of natural log job density (0.573 standard
deviations in the benchmark sector) for workplace suburbs within 1 km of the train
station, the multiplicative effect of job density was higher than many other variables:
1.925 (an increase of 92.5%) for the construction sector, 1.5 (an increase of 50%) for

manufacturing and 1.726 (an increase of 72.6%) for retail (see table 7.7). Increasing
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natural log job density by 1.745 (equal to one standard deviation) increased the
proportion of train trip attraction by 3.187 (an increase of 218.7%) when the suburb is
located within 1 km of the train station. In comparison, this multiplier is higher than
the multiplier for increasing one standard deviation of effective employed resident
density for the same distance range, which was 1.855 (an increase of 85.5%). However,
these relatively high multipliers may be due to the high skewed of the number of job,
where the standard deviation is high and 1 standard deviation of log job density refers
to high number of job. Besides, since the influence on train ridership only becomes
statistically insignificant if workplace suburbs are very far from the train station may
represent an upwards bias. For example, the threshold distance of log job density was
as at 30 km for construction jobs, 24 km for manufacturing jobs, and 142 km for retail
jobs, yet the maximum distance of workplace suburbs in the study area is around 16
km (see table 7.7).
Table 7.7 Multiplicative effect of job density with interaction term— train trip
attraction (LUTI model)

The threshold of
upper bound

Model LUTI Unst beta

coeff beta

Variable Stand Sig Exp Exp

(unst)

Multiplicative
effect

coeff distance

All sector Ln job density .664 .827 .000 1943 2.286 =[1.943*(0.825 =-0.664/-0.193 =
(appendix 36 An_avedist)]® 3.4 0r 31.3 km
p. 326) deltalnjobd

Interaction -.193 -373 .000 0.825 0.688

effect
Construction Ln job density .655 741 .000 1925 2097 =[1.925*(0.823 =-0.655/-0.194 =
(appendix 38 An_avedist)]® 3.37 or 29.15 km
p. 327) deltalnjobdc

Interaction -.194 -.366 .000 0.823 0.694

effect
Manufacturing  Ln job density 409 524 .000 1505 1.689 =[1.505*(0.879 =-0.409/-0.129 =
(appendix 40 An_avedist)]® 3.174 or 23.9 km
p. 329) deltalnjobdm

Interaction -.129 -.263 .010 0.879 0.769

effect
Retail Ln job density .546 .616 .000 1.726 1.852 =[1.726*(0.896 =-0.546/-0.110 =
(appendix 42 An_avedist)]® 4.95 or 141.5 km
p. 330) deltalnjobdr

Interaction -.110 -.176 .041 0.896 0.839

effect
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Table 7.8 Multiplicative effect of job density with interaction term, varying by
distance— train trip attraction (LUTI model)

Variable (X) Distance of Indist Multiplicative effect of

destination XonY train ridership
suburb to train

station (km)

Ln of job density (all sector)
31.334 3.445 1.000
50 3.912 0.914
Ln of job density 1 0.000 1.925
(construction) 29.150 3.372 1.000
50 3.912 0.901
Ln of job density 1 0.000 1.505
(manufacturing) 23.908 3.174 1.000
50 3.912 0.909
Ln of job density (retail) 1 0.000 1.726
141.55 4.953 1.000
150 5.011 0.994

Increasing density or effective density in an area located too far away from a train
station may reduce train trip attraction due to the fact that job locations underserved
by railway lines make car dependence higher, and therefore more jobs in these
locations implies more travel demand that will be catered for by cars rather than by
trains. Therefore, the policy of locating more jobs or more employed residents in outer
suburbs far from the CBD should be accompanied by a policy to provide train stations
serving these locations.

The multicolinnearity problem emerged as a result of the interaction between the
variable distance and variable density or effective density. The indices of
multicollinearity, in terms of the Variance Inflation Factor (or VIF indices) of over 10,
indicate that these variables may exhibit a multicollinearity problem (Sung & Oh,
2011). Models including the interaction terms often had a VIF value above 10 (ranging
from 10 to 25, as shown in the appendices that supported data in tables 7.5 and 7.7).

However, this problem was unavoidable given that the interaction term was created
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based on the multiplication of the value of variable distance and the value of the
variable effective density. By default, there would be multicollinearity issues either
between the interaction variable with the variable distance; or between the interaction

variable and the variable of effective density.

7.3 OVERALL MODEL FIT AND THE CONTRIBUTION OF EFFECTIVE
DENSITY VARIABLES IN THE MODEL PREDICTION

7.3.1 Method

This section involves the method for assessing model fit using linear regression with
a logarithmic transformation. The coefficient of determination (R?) measures the
proportion of variation in the natural log of the proportion of train ridership that is
explained by the set of predictor variables under the LUTI model and the SETI model.
However, since the number of independent variables in the LUTI and the SETI models
are different, an adjusted R? has been used to measure the prediction capability of both
models, to account for the number of predictor variables and the sample size. The
software SPSS that was used in modelling process calculates both the values of R? and
the adjusted R? Following these analyses, the contribution of effective density
variables to the LUTI model and the relative statistical fit of the SETI model were
compared to the LUTI model. The contribution of each effective density variable in
the SETI model was compared to the original LUTI model, by calculating the
coefficient of partial determination. The formula is described as followed (Rose &
Beck, 2007):

SSR{(SETI model)—(LUTI model)}

2 .
Ragg SST (SETI model)—SSR (SETImodel)+SSR {(SETI model)—(LUTI model)} Equation 7.4

Whereas:

RZ 44 = the coefficient of partial determination of the effective density variables that

are added to the LUTI model to form the SETI model.

SSR{(SETI model) — LUTI model)} = the sum of squares of the contribution of
effective density variable in the SETI model given that the set of predictor variables in
the LUTI model has been included in the SETI model.

Chapter 7: The geographical extent of agglomeration 215



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

SST (SETI model) = the total sum of square for Y as in the SETI model.

SSR (SETI model) = the regression sum of squares when all variables including land

use variables have been included in the SETI model.

Testing portions of the model was conducted using the partial F-test at the 0.05 level
of significance to determine whether the effective density variable (the SETI model)
significantly improves the model given that all other variables (including the density

variable) are included (the LUTI model). The testing hypothesis is as follows:
HO: effective density does not improve the model with the density variable included
H1: effective density does improve model.

The calculation of F-statistics is following the formula:

SSR SETI model—SSR LUTI model
MSE SETI model

Forar = Equation 7.5

Whereas:

SSR SETI model = the sum of squares of the SETI model.

SSR LUTI model = the sum of squares of the LUTI model.

MSE SETI model = the mean of squares of errors of the SETI model.

The results of Fgr 4 IS compared to the results of F value at 5% level of significance
(o= 0.05). If the value of Fsrar > Fy s, there is enough evidence to reject the null
hypothesis. This concludes that adding the effective density in the SETI model does
improve the LUTI model.

Finally, the comparison between the LUTI and the SETI model was tested on another
data set, i.e the 2006 data set. A simple residual analysis was performed to aid

discussion of the models’ relative performance.
7.3.2 Results

7.3.2.1 The overall model fit

Table 7.9 presents the overall model improvement achieved by changing from the
LUTI to SETI models (hl and h2b) for train trip production. There has been an
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improvement in terms of R-square increases, or of prediction capability, between the
LUTI model and SETI h1 of approximately 4.3% relatively (from 39.1% to 40.8%).
In addition, the SETI h2b is better correlated than the LUTI model by 2.87% relatively
(from 39.1% to 40.0%). The model SETI hl may therefore be preferred as the best
model, followed by the SETI h2b, then finally the LUTI model. At maximum, 43.6%
of the variation in the natural log proportion of train trip production may be explained
by the SETI hl model, when incorporating the adjustments for the number of

independent variables and the sample sizes.

Table 7.9 The relative changes in the R-square among the LUTI and SETI models for

train trip production (residential suburbs)

Model (Place of Residence) AbsoluteR? Relative R®
changes changes
Model % % SETIto LUTI model  SETI to LUTI model
LUTI all sector 41.8 39.1 n/a n/a
SETI all sector hl (effective 43.6 40.8 1.8 4.3

employed resident density
without interaction effect)

SETI all sector h2b (effective 43 40 1.2 2.87
job density with interaction
effect)

The overall model improvement achieved by changing from the LUTI to the SETI
(h1b and h2b) for train trip attraction (workplace suburbs) is presented in table 7.10.
There has been an improvement in terms of the R-square increases between the LUTI
model and the SETI hlb model of approximately 4.75% relatively (from 50.4% to
52.6%). In addition, model SETI h2b is better correlated than the LUTI model by 3.8%
relatively (from 50.4% to 52.1%). The adjusted R-square value that reflects the number
of independent variables also indicates that SETI is better correlated than the LUTI
model. Model SETI h1lb may therefore be preferred as the best model, followed by the
SETI h2b, then the LUTI model. At maximum, 55.1% of the variation in the natural
log proportion of train ridership attraction has been explained by the SETI hlb model,

adjusted for the number of independent variables and the sample sizes.
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Table 7.10 The relative changes in the R-square among the LUTI and SETI models
in train trip attraction (workplace suburbs)

Model (Place of Work) Adj R®>  Absolute R*changes Relative
R2changes
Model SETI to LUTI model SETI to LUTI
model
LUTI all sector 52.6% 50.4% n/a n/a
SETI-LUTI all sector hl b (eder 55.1% 52.6% 2.5% 4.75%
with interaction effect)
SETI-LUTI all sector h2b (ejd 54.6% 52.1% 2% 3.8%

with interaction effect)

7.3.2.2 The contribution of effective density variables

The contribution of the effective density and the interaction variable in the SETI model
to the LUTI model has also been tested statistically. For the train trip production
model, table 7.12 for the SETI h1 model shows a total sum of squares of 237.871, a
sum of square of regression (SSR) for the SETI hl of 103.696, and a regression sum
of square for the LUTI model of 99.478 (table 7.11).

Table 7.11 ANOVA table of the LUTI model (Train trip production)

ANOVA?

Model POR Sum of Squares  df Mean F Sig.
Square
LUTI model  SSR 99.478 14 7.106 15.455 .000b
All sector Regression
SSE 138.392 301 460
Residual
SST Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), In_jwr, pblu_r, sqrt_ptiori, p_woret, In_avedist,

p_worker_man, inc_blu_r, car_own, p_wocon, In_Ivr, wod, In_strio, inc_pr_r, pmanpr_r
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Table 7.12 ANOVA table of the SETI hl model (Train trip production)

ANOVA?

Model POR Sumof  df Mean Square F Sig.
Squares

Seti model SSR Regression  103.696 15 6.913 15.457 .000b

All sector SSE Residual  134.175 300 447

Hypothesis 1

SST Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), edertt1000, p_woret, inc_blu_r, p_worker_man, car_own, In_jwr,

p_wocon, inc_pr_r, In_avedist, In_lvr, sqrt_ptiori, In_strio, pmanpr_r, wod, pblu_r

The coefficient of partial determination of the effective employed resident density

variable has been calculated as follows (equation 7.4):

103.696 - 99.478  4.218

R%f fetive density = = — 0.03048 or 3.05%
ffetive density = 537 871 — 99.478  138.393 0

The coefficient of partial determination of natural log of proportion of train ridership
production with the additional effective employed resident density (while holding all

other variables constant) is 3.05%.

Likewise, the contribution of effective job density and the interaction terms in the SETI
h2b model has been calculated based on the values presented in table 7.13. The

regression sum of square of model with the SETI h2b is 102.354.

2 102.354 - 99.478 2.876

: L= = = 0.02078 2.078%
ineraction = 5377871 90 478  138.393 or ’

The coefficient of determination of variable effective job density and the interaction
terms is 2.078%. Therefore, the coefficient of partial determination of effective
employed resident density in the SETI hl is higher than that of effective job density
and its interaction term in the SETI h2b model. The additions to SETI h1 therefore
improve correlation to a greater degree than the SETI h2b for train trip production.
This thesis therefore concludes that the SETI h1 model is the best model for prediction

of train trip production.
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Table 7.13 ANOVA table of the SETI h2b model (Train trip production)

ANOVA?

Model POR Sum of Df Mean Square F Sig.
Squares
Seti model SSR Regression  102.354 16 6.397 14.114  .000b
All sector SSE Residual 135517 299 453
Hypothesis 2b
SST Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ejdtt_In, p_woret, p_worker_man, car_own, inc_pr_r, p_wocon,

sqrt_ptiori, In_jwr, In_strio, inc_blu_r, In_Ivr, wod, ejdtt1000, pmanpr_r, pblu_r, In_avedist

Based on the ANOVA table 7.11 to 7.13, the calculation of Fgr 4 is presented in table
7.14.

Table 7.14 The Partial F-Test of the SETI model (effective density variable) in the
train trip production model

Degree of Foos Conclusion
freedom
(at
0=0.05)
SETI hl 15and 300 1.66 (103.7 —99.47) Effective employed
/0.447 = 9.46 resident density has

significantly improved
the LUTI model
SETI h2b 16and 299 1.66 (102.35-99.47) Effective job density with
/0.453 =6.4 the interaction term has
significantly improved
the LUTI model

In train trip attraction model, table 7.16 for the SETI h1lb model shows a total sum of
squares of 619.637, a sum of square of regression (SSR) of 341.136 and a regression
sum of square of the LUTI model of 325.775 (table 7.15).
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Table 7.15 ANOVA table of the LUTI model (Train trip attraction)

ANOVA?
Model POW Sum of df Mean Square F Sig.
Squares

LUTI model  SSR 325.775 14 23.27 23.835 .000b
All sector Regression

SSE 293.862 301 0.976

Residual

SST Total 619.637 315

a. Dependent Variable: In_ptrainw22
b. Predictors: (Constant), In_jwr, p_manpr, sqrt_ptiori, inc_bl, In_avedist, p_jobcon,

All_job, p_jobret, sr_lvnr, p_jobman, inc_mp, In_strio, In_jobd, p_blu

Table 7.16 ANOVA table of the SETI h1b model (Train trip attraction)

ANOVA?®

Model POW Sum of df Mean F Sig.
Squares Square

Seti model SSR Regression 341.136 16 21.321 22.89 .000b

All sector SSE Residual 278.501 299 0.931

Hypothesis 1b

SST Total 619.637 315

a. Dependent Variable: In_ptrainw22

b. Predictors: (Constant), edertt_In, p_jobman, All_job, p_jobret, p_jobcon, In_strio, inc_mp,
p_manpr, In_jwr, sr_lvnr, inc_bl, sqrt_ptiori, Effective employed resident density of all sector
(in 1000 units), In_jobd, p_blu, In_avedist

Therefore, the coefficient of partial determination for the effective employed resident

density variable and the interaction terms is:

341.136 — 325.775

R oraction = = 0.05227 or 5.23%
neraction. = ¢4 637 _ 325775 °

The coefficient of partial determination of natural log of proportion of train ridership
with the additional effective employed resident density and the interaction terms

(while holding all other variables constant), is 5.23%.

Likewise, the contribution of effective job density and the interaction terms in SETI
h2b model has been calculated based on the value presented in the ANOVA table of
7.17. The regression sum of squares for the SETI h2b model is 338.16.
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338.16 — 325.775

R2 - = 0.042146 or 4.2%
fnteraction 619,637 — 325.775 ’

The coefficient determination of variable effective job density and the interaction
terms is 4.2%. Therefore, the coefficient of partial determination for effective employed
resident density and its interaction term is higher than that of effective job density and
its interaction term. The SETI hlb model therefore improves correlation of the LUTI
model to a greater degree than SETI h2a for train trip attraction. This thesis concludes

that SETI hlb is the best model for predicting train trip attraction.

Table 7.17 ANOVA table of the SETI h2b model (Train trip attraction)

ANOVA?

Model Sumof  Df Mean F Sig.
Squares Square
Seti model SSR Regression  338.16 16 21.135 22.451 .000b
All sector SSE Residual 281477 299  0.941
Hypothesis 2b
SST Total 619.637 315

a. Dependent Variable: In_ptrainw?22
b. Predictors: (Constant), ejdtt_In, inc_bl, In_jobd, p_manpr, p_jobcon, In_jwr, p_jobret,
In_strio, All_job, p_jobman, inc_mp, sr_lvnr, sqrt_ptiori, p_blu, In_avedist, Employment

effective density of all sector (in 1000 units)

Based on the ANOVA table 7.15 to 7.17, the calculation of the Fgp 41 is performed in
table 7.18.

Table 7.18 The Partial F-Test of the SETI model (effective density variable) in the
train trip attraction model

Model Degree Fgos5 Conclusion
of
freedom
(at
0=0.05)
SETI hlb 16 and 1.66 (341.136— Effective employed
299 325.775) /0.931= resident density with the
16.5 interaction term has
significantly improved the
LUTI model
SETI h2b 16 and 1.66 (338.16-325.775)  Effective job density with
299 /0.941=13.16 the interaction term has
significantly improved the
LUTI model
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7.3.2.3 Model validation (back-testing) based on the 2006 dataset

The level of performance of 2011 data in the SETI model may be compared to the
LUTI model when both are validated using the observed 2006 data set for the study
area. The model validation was calculated based on a simple procedure. First, by
calculating the proportion of train trips from the model equation, the proportion of
train trip production can be calculated for each observation (suburb) based on all
predictor variables Xs as of 2006. The result of the predicted production is then
averaged over all observations and compared to the observed values. Secondly, a
residual may be calculated, by taking the differences in the proportion of train ridership
between the observed data and the predicted model.

This validation was conducted only for train trip production due to the constraints on
data availability. These validation processes could not be conducted for train trip
attraction. There was also anunavoidable degree of error associated with the
conversion of geographical boundaries for place-of-work 2006 data in the ABS

censuses to the 2011 suburb level data set.

The SETI h1 and h2b train trip production models were compared to the LUTI model
in the validation process. The model equation that consisted of the unstandardized beta
coefficients from all statistically significant predictor variables is shown in the
following equations 7.6 — 7.8:

e The LUTI model of train trip production:

Iny = —11.32 — 1.935pblu, + 2.284pworker_man — 0.049incprr —
0.612carown + 1.473Instrio — 0.682lnavedist — 0.263Inlvr + 0.083Injwr
Equation 7.6

e The SETI hl model of train trip production:

Iny = —16.566 + 2.112pworker_man — 0.047incprr — 0.665carown +
0.00034sqrtytiori + 1.914lnstrio — 0.655lnavedist — 0.259Inlvr +
0.083Injwr + 0.113edertt1000 Equation 7.7
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e The SETI h2b model of train trip production:

Iny = —13.374 + 1.474pmanprr + 2.116pworker_man — 0.043incprr —
0.652carown + 1.719Instrio — 1.086lnavedist — 0.288{nlvr + 0.097Injwr —
0.044ejdtt1000 + 0.044¢ejdtt_Indist Equation 7.8

All socio-demographic/economic 2006 data were retrieved from the 2006 ABS
censuses, then each of the variable measurements were taken as the original database
scores. These comprised the proportion of blue collar employed residents (p_blu_r),
the proportion of employed residents working in the manufacturing sector
(p_worker_man), the income per hour of individual employed residents working as

professionals/managers (inc_pr_r), and car ownership per dwelling (car_own).

Property data in terms of land value per square meter of residential land use (In_Ivr)
was calculated from the 2006 Landgate database. The value of effective density
(ejdtt1000 and edertt1000) was recalculated based on 2006 travel time matrices
(335x335 suburbs) of the STEM model. The road network travel distance (or centrality
of suburbs based on road networks) was assumed to be the same as 2011 data. The
public transport network supply (sgrt_ptiori) was assumed to be the same as the 2011
data. The average distance of residential suburbs to train stations as of 2006 was re-
calculated using the assumption that the Perth-Mandurah railway line did not exist in
the system. Therefore, all suburbs that had been associated with a station along the
Mandurah line post-extension were associated with stations in Perth city or the Perth

Underground station.

One limitation emerged in calculating housing-job balance (or the job to employed
resident ratio) (In_jwr) due to the fact that the number of jobs as of 2006 were not
available. This thesis therefore referred to the BTRE (Bureau of Transportation and
Regional Economics) report number 119 that stated: “estimates from the land use and
employment survey from 2002 to 2008, shown an average annual rate of jobs growth
for the Outer sub-region at 7 per cent, with the Middle and Inner sub-regions at 3 and
2 per cent respectively ” (Bureau of Transport and Regional Economics [BTRE], 2007,
p. 232). It was assumed that all suburbs within 0-5 km (or the “inner area”) followed
a 2 percent annual growth of jobs, all suburbs within 5-10 km (or the “middle area™)
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followed a 3 percent growth, and the remaining suburbs followed a 7 per cent growth
rate. The number of job as of 2006 was calculated based on these assumptions using

the procedure mentioned in Xinhao and Rainervom, 2007 p. 38:

1
Job N

g, = (ﬁ)“ -1 Equation 7.9
Explained as:

gp = represented the known average annual percent change of job in each area;
Job; = represented the unknown number of job in 2006;

Joby,, = represented the known number of job in 2011; and

n = the year differences

The model validation results are shown in table 7.19.

Table 7.19 The summary of model validation from the predicted model as of 2011
data on the observed data as of 2006

Observation  Observed Predicted proportion of Residuals (observed values

portion of train ridership minus predicted values)

train
ridership

LUTI SETI  SETI LUTI SETIhl SETI
hl h2b h2b
1 0.02410 0.02301 0.0402  0.034 0.00110 -0.0161 -0.0099
2 0.00572 0.01423 0.0129  0.013 -0.00851 -0.0071 -0.0077
3 0.00746 0.01352 0.0205 0.017 -0.00606 -0.0130 -0.0094
4 0.00357 0.01014 0.0090 0.010 -0.00656  -0.0054 -0.0064
5 0.00225 0.01408 0.0108 0.014 -0.01183  -0.0085 -0.0114
297 0.01884 0.02549 0.0318 0.031 -0.00664 -0.0129 -0.0117
Average 0.04210 0.03369 0.0475 0.0477 0.00841  -0.0054 -0.0056

The closer the value of the predicted values to the observed values, the closer the
average residual values will be to zero, and thus the better the model prediction. Table
7.19 shows that average predicted values from SETI h1 and h2b were closer to the
average observed data than for LUTI, while the averages of the residual values from

SETI hl were also the smallest. The LUTI model prediction on average was not as
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accurate as other models. The positive values of the LUTI residuals indicate that LUTI
tends to underestimate the observed values. Both of the SETI models produced
negative average residual values indicating that the SETI models tend to overestimate
the observed values, although to a lesser degree that the LUTI model. The SETI hl
model produced residuals equalling -0.0054 on average, while the LUTI produced
residuals equalling 0.00841 on average. This indicates that the errors of SETI hl

represent 64.2% of the errors for the LUTI model on average.

7.4 CHAPTER SUMMARY
The geographical extent of agglomeration has shown some interesting results such as:

(i) There was a geographical variability in the influence of density in the LUTI
model, and of effective density in the SETI model, on the multiplicative effects
on train ridership. This variability has implications for policy options,
especially for policies aimed at capturing the maximum benefit of effective

density on train ridership.

(ii) Effective job density clearly influenced train trip production, varying with
distance from the train station. Increasing effective job density in residential
suburbs near a station produced smaller multiplicative effects on train ridership

than applying that same amount to residential suburbs at farther distances.

(iii)The LUTI model showed that the interaction term between employed resident
density and distance of residential suburb from the train station does not have
a statistically significant effect on train ridership. Employed resident density
influences ridership at the same level (multiplicative =1) in all area (represents
no influence at all), independent of the location of residential suburb from

station.

(iv) The effect of effective job and employed resident density on train ridership was
stronger for workplace suburbs near the station than for those farther away.
Workplace suburbs would be better located at a shorter distance from the train
station for the ability of suburbs to accumulate the benefits of effective job and
employed resident density on train ridership. Jobs would be better added to

residential suburbs once these suburbs were located near the train station. Main
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workplace areas that are underserved by stations may require sufficient
alternatives for sustainable mobility, such as by adding new station. Park-and-
ride facilities may be seen as necessary for providing service to residential

suburbs located farther from train station.

(v) The effective density variable was more useful than job density for informing
future policy decisions. The influence of effective density may be able to assess
the extent to which maximum agglomeration benefits can be achieved or where
no agglomeration benefit is apparent. Inclusion the interaction term to density
variable does not provide this information as the results are not plausible

empirically.

(vi) There appears to be a spatial competition between residential land use and non-
residential land use for transit attraction. If an area directly adjacent to the
station precinct is developed for jobs, it will attract train ridership, while
residential densification in this area also implies a lower chance to develop jobs
or non-residential land uses, and therefore the effect on transit use may be
counter productive. This spatial competition is represented as the ratio of job
to employed resident or job-housing balance. Discussion on the influence of
effective density on train ridership from the job-housing balance perspective is

discussed in chapter 8.

In terms of comparing the overall model fits between the model without agglomeration
(effective density) or the LUTI model to the model with agglomeration or the SETI
model, it was found that:

(vii)  The SETI model outperformed other models in both train trip production
and attraction model. The SETI model improved the prediction capability of
the LUTI model by 2.87 and 4.5% for train trip production and by 3.8 and
4.75% for train trip attraction.

(viii) In the train trip production model, the employed effective density variable
contributed to 3.05% of variances, while effective job density and its
interaction terms contributed to 2.078%. This was significantly more than in

the LUTI model. In train trip attraction model, the effective employed resident
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density and its interaction term contributed to 5.23% of variances, while
effective job density and interaction term added 4.2%, which were also higher
than in LUTI.

(ixX)Model validation showed that the accuracy of the SETI model for train
ridership prediction was greater than the LUTI model. The range of errors in
the SETI model on average was lower than that of the LUTI model.

This thesis has also showed that effective density can be measured based on different
sector of economy. The measurement of effective density based on travel time by park
and ride for manufacturing sector has revealed that effective employed resident density
contributes at significant degree in train ridership attraction; however, it emerged over
larger geographical area than the other two sectors. The effective construction job
density has contributed on almost similar level to manufacturing sector but over
smaller geographical area than the other two sectors. The effective retail job density,
on the other hand, contributes on much smaller multiplicative effect of train trip
attraction over much smaller geographic area than the other two sectors.

In train ridership production model, the construction sector has the largest
multiplicative effect of effective job density than the two other sectors. However,
without considering the effect of distance of suburb from train station on the influence
of effective density, the retail sector has the largest multiplicative effect of effective
employed resident density than the other two sectors.

More details on model interpretations, policy implications, and the limitations of the
model results will be discussed in chapter 8.
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CHAPTER 8. POLICY IMPLICATIONS OF TRAIN
RIDERSHIP PREDICTION

B T A A

This chapter investigates the implications of the model for land use policies and for
train ridership. The first section discusses the implications of the model findings for
land use policy from the point of view of the importance of the geographical extent of
agglomeration (hypothesis 3). The relationship between effective density and train
ridership is evaluated based on the fundamental concept underlying the research
hypothesis, namely the trade-off between wages/land rents and transport costs, as
stated in Venables (2004) and Graham (2007). The second section of this chapter
investigates the job-housing balance (hypothesis 4) from the perspective of these trade-
offs and its implications for train ridership.

This thesis is part of the T-LU approach, as opposed to the LU-T approach, as
mentioned in chapter 2 (section 2.6 literature gap). The thesis aim is to understand the
impact of the transport system on land use (measured in terms of effective density) in
the form of the job-based TOD scenario with train ridership as an outcome.
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8.1 IMPLICATIONS OF THE GEOGRAPHICAL EXTENT OF
AGGLOMERATION ON TOD POLICY: EFFECTS OF ADDING MORE
JOBS

Integrated land use-transport policy and planning is initiated from the position of
deciding on desired future land use and then using transport as a part of the system to
realize the future scenario. This thesis assumed that the future land use scenario
involving the development of a job-intensive TOD scenario around the station

precincts would be followed by an increase in rail use.

Specifically, this section discusses the application of model results in relation to the
third research hypothesis. The third research hypothesis specifically mentions the
geographical extent of agglomeration, i.e. how the distance of suburb from stations (in
terms of place of residence or place of work) influences the strength of relationship of
effective density on train ridership. This section aims to assess the application of this
hypothesis to the effectiveness of TOD policies based on the scenario of developing a
job-based TOD scenario.

TOD, according to Curtis (2008) is one approach within the LUTI mainstream for
development, which is “based on the notion of precincts designed for high density
residential development combined with high intensity commercial and retail
development sitting within a high quality pedestrian environment” (Curtis, 2008, p.
287). Meanwhile, Botte and Olaru, 2011, define an operational definition of TOD as
being “associated with moderate to high density development, located within an easy
walk of approximately 800 meters of a major public transport stop (operating on highly
synchronized and reliable timetables, at high frequency (5-15 min) and with extended
operating hours), generally with a mix of residential, employment, and shopping
opportunities, designed for pedestrians and cyclists, without excluding the
automobile” (Botte & Olaru, 2011, p. 3).

There was a new focus on public transport that began with the revitalization of
suburban rail lines in the 1980s in-line with TOD policy being adopted in Western
Australian state planning from 1988 (Mees et al., 2008) with 68 station precincts in

the Perth metropolitan are being assigned as TOD. However, the TOD concept has
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been subsequently challenged over the way its policies are translated into urban
development implementation (Curtis & Mellor, 2011).

In the specific context of the Perth metropolitan region, while governments in most
localities supported TOD development and incorporated this into land use and
transport policies, there is still a huge gap between the stated policies and their
implementation (Falconer et al., 2010; Curtis, 2012). Curtis (2012) stated that the gap
between policies and practices occurred due to slow responses in land use changes and
a slow response from business sectors toward these policies. Meanwhile, the efforts to
conduct development by local government initiatives according to TOD principles
were also constrained by the slow and inconsistent policy translation from the state to

the local governments (Curtis and Mellor, 2011).

TOD precincts in Perth did not fulfil the density criteria outlined by state TOD policy
in 2005 (i.e. 25 dwelling per ha or above) or even by some studies (i.e. 10,000
employees or residents in a TOD station precinct) (Newman and Kenworthy, 2006, in
Curtis 2012). In practice, there is only one station precinct in the Perth metropolitan
region with a density of 15 dwellings per ha, while 84% of the 68 TOD precincts have
a density of less than 10 dwellings per ha, and only 8 out of 68 TOD precincts fall in
line with the benchmark proposed by Newman and Kenworthy (Curtis, 2012).
Similarly, Botte and Olaru, 2011, stated that in the Perth context, the significant
challenge for TOD is due to the average population density being only 3.08 persons/ha,
whereas the highest density TOD contains less than 40 dwelling/ha, less than a third
of the recommended density to support the high capacity and rapid transit for TOD,
based on the literature.

An insufficient population density would be regarded as a high risk from a business
perspective and TOD development may be expected to gain low support from business
sectors, making it more difficult to embrace its growth and to attract more mixed-use
developments, employment, and residents (Curtis and Mellor, 2011). As a result, there
is still relatively high car usage and a lower attraction for public transport use for

residents living in TOD precincts (Falconer et al, 2010).
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Understanding how to apply the results of this thesis, in relation to transit for TODs in
the study area, may help to overcome these challenges. In particular, the Perth
metropolitan region faces the problem of low density, which remains an obstacle to its

success as a TOD to support higher train ridership levels.

In this section, the model results of the geographical extent of agglomeration (section
7.2) are investigated. From the model results, where regression involved the interaction
terms, it has been shown that the level of train ridership is a function of both the
changes in the effective density and the distance of suburbs from train stations. The
implication of the densification/intensification of jobs within the scenario of job-based
TOD, including its impacts on train use, would be assessed in this section. The
implications for policy analysis of the modelled results have been investigated for each
of the retail, manufacture and construction sectors, based on the train trip attraction

results.

The LDV regression model in section 7.2 expressed the geographical extent of
effective job density for each sector within which train ridership is able to capture the
effects of agglomeration. In all sectors being studied, the geographical extent of
effective job density has been consistently lower for the train trip attraction than train
trip production, and the geographical extent of effective job density has been

consistently smaller than the effective employed resident density in train trip attraction.

Center for Transit-Oriented Development has critized the emphasised on residential
development of TOD as planning policies. “Connecting destinations to create ridership
may seem like an obvious conclusion, but plans and policies have not reflected this
approach. Most TOD policy have focused on residential development, rather than
promoting agglomeration of jobs and commercial space in regional centers served by
transit.” (The Centre for Transit-Oriented Development, 2009, p. 28). In addition,
employment density is strongly associated with transit ridership more than residential
density (Kolko, 2011) and that employment density in workplace location has been
much more important than residential density in residential location (Arrington &
Cervero, 2008). The TCRP’s study also found that the residential based TOD areas
contributed to lower train ridership than the office and retail-based TOD areas (Evans
et al., 2007). Similarly, rail commuting has been found to be stronger at stations that
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serve employment centres than those that do not (Blainey, 2010). Therefore, adding
jobs to the station catchment or allocating stations to cater for employment centres is

an example of an effective policy to increase train ridership.

From the model results in section 7.2, suburbs located within the threshold distance
with low employment activities may develop higher levels of employment in order to
achieve the formation of a job-based TOD. One option may be to increase effective
job density by reaching the minimum ratio of 1.5 (refer to job-housing balance criteria,
section 4.1.2.6 in chapter 4). Thus, one application of the train trip attraction model
would be to add jobs in the suburbs which are currently low in employment activities
but are located within the geographical extent of agglomeration. The expected
outcomes following this policy would be to increase train trip attraction. This exercise
required a revised calculation of the effective density variable, since the addition of
new jobs to some suburbs has the effect of changing the effective density magnitude
for all suburbs in the system.

In the construction sector, there are 90 suburbs that are located inside the threshold
distance of 3.184 km of effective construction job density; in manufacturing, there are
128 suburbs within the threshold of 4.1 km; and for retail, there are 47 suburbs within
2.4062 km. Jobs were added to these suburbs until they reached the criteria for job-
rich suburbs (at least 1.5 jobs is available for every 1 employed resident) to examine

the effects on modelled ridership for these suburbs.

The effect on the modelling is as follows. First, the addition of new jobs has an impact
on the value of effective density. Second, the increase or the delta of the effective job
density from adding new jobs is calculated. The delta value is used to exponentiate the
value of the multipliers (the coefficient of the model) to generate the new
multiplicative effect. Referring to equation 7.3 and the model results from table 7.6 in
chapter 7, the formula for calculating the multiplicative effects of effective job density
on the proportion of train trip attraction upon adding new jobs is stated in equation 8.1
(an example for the retail sector only is carried out in equation 8.2). This equation has
been modified to accommodate the impacts of additional effective job density

accumulated due to the addition of new jobs, as follows (after Taplin, 2016):
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Y (xq1+A1,x7)

Y(x1,22)

= exp(B; + P3x2)™ = (exp(By) exp(B3)*2)** Equation 8.1
Where:

x,= effective job density.

x,= (natural log of) distance of suburbs from stations.

A;=an increase in x;.

Y (x; + A4, x5)= the proportion of train trip attraction in suburbs after adding
effe_ctive density as much as A;, when suburbs are located in distance x, from
stations.

Y (x4, x,)= the initial proportion of train trip attraction in suburbs.

exp(B; + fsx;)1 replaces the term exp(3;)= the coefficient regression of x,, i.e.
the effect of x; on Y when no interaction term exists.

exp(B3)= the coefficient of regression of the interaction terms, i.e. relating to the
effect of x; on Y depends on x,.

An example of equation 8.1 applied for the retail sector is as follows:

Y(x, +Aq,%3)

= exp(0.072 + —0.082x,)%1 = (exp(0.072) exp(—0.082)*2)*1
Y (x1,x3)

=(1.075 * 0.921%2)% Equation 8.2

Where:

0.072 = the unstandardized beta coefficient of the effective job density variable in the

retail sector (see table 7.5 in chapter 7).

—0.082 = the unstandardized beta coefficient of the interaction term between the
effective job density in the retail sector and the distance to stations (see table 7.5 in

chapter 7).

1.075 = the exponential of the unstandardized beta coefficient of the effective job

density variable in the retail sector on the proportion of train trip attraction.

0.921 = the exponential of the unstandardized beta coefficient of the interaction terms
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x, = In_avedist = the natural log of the distance of workplace suburbs from the nearest

train station.

A= an increase in the ef fective job density = calculated as the new value of
effective density after adding new jobs substracted by the old value of effective density

as stated in Graham’s formula in equation 5.1.

The component in the bracket, i.e. (1.075 % 0.921%*2) in equation 8.2 refers to the
value of the multiplicative effect for every one unit increase in effective job density in
the retail sector on an increase in train ridership, all else being equal. In summary, this
equation states that the multiplicative effect of adding effective density is equal to the
value of multiplicative effects based on adding one unit of effective density
exponentiated by the increase in effective job density. For example, the suburb of
Applecross in table 8.3 is located within 2.22 km from the nearest train station (x, =
In(2.22)). Current or initial retail job numbers equate to 232 jobs. In order to reach a
job-housing balance ratio of 1.5 for Applecross, 181 new retail jobs are needed. These
additional jobs would increase the effective job density where the increase in effective
job density is 228.8 or 2.288 units (1 unit equates to an effective job density of 100).
The multiplicative effect of adding 2.288 units of effective retail job density (due to

adding 181 new retail jobs) is then calculated as follows:
(1.075 % 0.921%2)%1 = (1.075 * 0.921(n22))2:288 = (1 075  0.9364)%288

=1.01525 Equation 8.3

Therefore, the multiplicative effect of adding an effective job density of 228.8 to the
retail sector (due to adding 181 new retail jobs) on the proportion of train trip attraction
is a factor of 1.015, i.e. an increase of 1.5% (more complete results are displayed in

table 8.3 for the retail sector).

The same method of calculation has been used for other sectors. For the construction

sector, the results are shown in table 8.1, and for the manufacturing sector, table 8.2.
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Table 8.1 The multiplicative effects of adding new construction jobs for the job-
based TOD scenario

The Add New EJD Delta Delta Multiplicati New
number new Construct EJD Con  EJD Con ve effects multiplic
of Constru ion (in 100 based on ative

constru ction units) one unit effects
ction Jobs increase in
Job EJD

. Applecross 2.2222 171.00 214.50 863.73

2. Armadale 2.2723 124,51 682.49 955.36 639.25 6.39 1.0480 1.3497
(WA)

3. Ashfield 1.6536 9.96 71.04 652.97 319.02 3.19 1.0954 1.3372
(WA)

4, Atwell 2.2432 23.12 692.38 1116.23 802.70 8.03 1.0499 1.4784

5. Bassendean 1.6188 248.08 377.42 919.32 428.52 4.29 1.0986 1.4963
(WA)

6. Bateman 2.6427 26.00 169.00 771.62 392.59 3.93 1.0263 1.1071

7. Bayswater 2.1437 803.42 17.08 1037.99 209.66 2.10 1.0565 1.1222
(WA)

8. Beckenham 1.92 81.68 437.32 933.62 547.21 5.47 1.0729 1.4694

9. Bedford 2.136 43.55 293.95 942.89 536.28 5.36 1.0571 1.3467

10. Beldon 2.5931 52.00 467.00 1096.33 753.06 7.53 1.0290 1.2399

11. Bentley (WA) 2.3465 197.31 80.19 827.08 291.23 2.91 1.0434 1.1316

12. Brentwood 2.3787 19.50 82.50 757.51 349.05 3.49 1.0414 1.1520
(WA)

13. Bull Creek 1.7516 56.00 308.50 890.14 463.77 4.64 1.0866 1.4701
(WA)

14. Camillo 2.3959 16.50 289.50 770.98 509.07 5.09 1.0403 1.2230

15. Cannington 1.7192 221.00 35.50 825.79 263.98 2.64 1.0895 1.2538

16. Carine 2.9579 78.99 402.51 993.22 562.48 5.62 1.0103 1.0594

17. Carlisle 1.2898 157.01 208.99 1005.67 456.23 4.56 1.1339 1.7738

18. Claremont 1.4992 148.00 96.50 715.83 258.45 2.58 1.1104 1.3108
(WA)

19. Connolly 2.7775 52.00 312.50 895.10 542.49 5.42 1.0192 1.1086

20. Coolbinia 2.803 14.08 68.42 841.99 378.98 3.79 1.0179 1.0695

21. Cottesloe 1.7159 132.00 192.00 749.36 335.22 3.35 1.0898 1.3339

22. Craigie (WA) 2.1538 58.00 611.00 1063.25 701.95 7.02 1.0559 1.4645

23. Crawley 3.1051 27.52 5.48 494.56 160.11 1.60 1.0035 1.0056

24. Daglish 1.2295 38.35 30.65 683.99 247.34 2.47 1.1414 1.3871

25. Dalkeith 3.044 38.64 85.86 566.20 240.46 2.40 1.0063 1.0152

26. Duncraig 3.0559 186.00  1044.00 1340.22 888.95 8.89 1.0057 1.0522

27. East 1.9572 97.81 259.19 928.90 491.90 4.92 1.0700 1.3949
Cannington

28. East 2.7215 132.00 238.50 770.73 377.40 3.77 1.0221 1.0859
Fremantle

29. East Victoria 1.8402 190.87 386.63 1137.29 580.22 5.80 1.0792 1.5563
Park

30. Eden Hill 1.7988 31.83 229.17 825.94 454.36 454 1.0826 1.4344

31. Edgewater 2.0613 19.58 397.42 903.54 605.63 6.06 1.0623 1.4422

32. Embleton 2.4198 79.43 138.07 859.30 391.16 3.91 1.0389 1.1610

33. Ferndale 2.712 33.40 224.60 763.57 425.49 4.25 1.0226 1.0996
(WA)

34. Floreat 3.0418 76.00 245.00 856.02 411.03 4.11 1.0064 1.0265

35. Fremantle 3.1819 22251 227.49 774.26 323.00 3.23 1.0001 1.0004

36. Glendalough 1.9066 12.57 105.93 983.38 475.43 4.75 1.0739 1.4035

37. Gosnells 3.067 127.00 1151.00 1028.48 699.10 6.99 1.0052 1.0372

38. Greenwood 2.8697 235.00 683.00 1225.36 728.03 7.28 1.0146 11111
(WA)

39. Guildford 1.4108 60.31 34.19 537.66 190.11 1.90 1.1198 1.2400
(WA)

40. Heathridge 2.2095 89.00 736.00 1200.74 852.44 8.52 1.0521 1.5420

41. Highgate 1.1953 10.72 83.78 887.60 456.91 4.57 1.1459 1.8632
(WA)

42. Inglewood 2.1942 54.70 260.30 882.71 466.92 4.67 1.0531 1.2735
(WA)

43. Joondalup 3.0572 480.97 363.53 1002.66 428.95 4.29 1.0057 1.0246
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44. Joondanna 2.6462 30.92 257.08 1037.63 593.03 5.93 1.0261 1.1649

45, Karawara 2.3618 14.44 45.56 690.14 291.21 2.91 1.0424 1.1286

46. Kelmscott 2.6526 220.00 485.00 741.99 396.36 3.96 1.0257 1.1059

47. Kensington 2.3136 72.00 184.50 883.91 417.38 4.17 1.0454 1.2036
(WA)

48. Kenwick 2.6649 140.69 226.81 669.45 304.60 3.05 1.0251 1.0783

49, Kiara 2.766 11.28 69.72 638.57 288.85 2.89 1.0198 1.0582

50. Kinross 3.0197 82.00 651.50 1192.37 857.34 8.57 1.0074 1.0653

51. Langford 2.4319 28.00 254.00 756.98 443.85 4.44 1.0382 1.1810

52. Lathlain 1.3894 44.00 203.50 961.85 500.01 5.00 1.1222 1.7797

53. Leederville 1.3737 98.00 104.50 946.64 382.09 3.82 1.1240 1.5629

54. Leeming 2.9843 123.00 589.50 1028.14 587.47 5.87 1.0091 1.0544

55. Lockridge 2.601 11.89 199.61 758.31 451.28 451 1.0285 1.1354

56. Lynwood 2.838 18.60 168.90 743.15 407.13 4.07 1.0161 1.0673
(WA)

57. Manning 2.8852 28.48 202.52 886.58 470.86 4.71 1.0138 1.0667

58. Maylands 2.0831 181.00 479.00 1104.17 586.66 5.87 1.0608 1.4135
(WA)

59. Menora 3.1337 20.92 67.58 778.81 337.48 3.37 1.0022 1.0076

60. Midland 2.3136 211.10 67.90 666.37 209.32 2.09 1.0454 1.0974

61. Mosman Park  1.9005 87.00 280.50 739.37 387.89 3.88 1.0744 1.3209
(WA)

62. Mount 2.3101 41.01 116.49 650.55 276.98 2.77 1.0456 1.1315
Claremont

63. Mount 1.8942 119.00 388.00 1276.79 683.42 6.83 1.0749 1.6380
Hawthorn

64. Mount 1.5865 104.27 441.73 1145.90 623.73 6.24 1.1017 1.8295
Lawley

65. Mount 2.0679 45.00 232.50 738.77 44391 4.44 1.0618 1.3053
Nasura

66. Mount 3.0139 114.39 292.11 977.25 496.63 4.97 1.0077 1.0387
Pleasant
(WA)

67. North 2.3536 95.00 14.50 527.13 160.57 1.61 1.0429 1.0698
Fremantle

68. North Lake 2.8949 14.36 95.14 631.96 309.68 3.10 1.0133 1.0419

69. North Perth 2.2107 83.00 419.50 1190.03 666.31 6.66 1.0520 1.4022

70. Padbury 2.8003 133.00 791.00 1197.62 785.82 7.86 1.0180 1.1507

71. Parmelia 2.2581 34.64 386.86 760.90 467.41 4.67 1.0489 1.2502

72. Queens Park 1.4585 96.19 203.81 915.51 449.96 4.50 1.1146 1.6297
(WA)

73. Rivervale 1.8713 276.75 266.25 1107.23 468.20 4.68 1.0767 1.4134

74. Rossmoyne 2.7395 31.37 109.63 755.78 352.02 3.52 1.0211 1.0764

75. Seville Grove 2.9966 66.00 687.00 1070.82 764.81 7.65 1.0085 1.0668

76. Shenton Park 1.4905 97.07 19.93 633.59 195.81 1.96 1.1113 1.2295

77. South 2.3925 52.96 130.04 664.85 326.63 3.27 1.0405 1.1386
Fremantle

78. South 2.5444 160.84 77.66 606.71 209.22 2.09 1.0317 1.0674
Guildford

79. St James 1.5844 37.73 190.27 882.59 466.22 4.66 1.1019 1.5720
(WA)

80. Stirling (WA) 2.5418 257.96 618.04 1395.86 758.49 7.58 1.0318 1.2683

81. Swanbourne 2.3087 67.88 35.62 547.25 190.73 1.91 1.0457 1.0890

82. Thornlie 2.9413 184.00  1460.00 1303.78 939.27 9.39 1.0111 1.1093

83. Viveash 2.0809 11.07 27.93 473.78 186.35 1.86 1.0609 1.1165

84. Warwick 2.5922 37.00 272.00 930.28 515.49 5.15 1.0290 1.1589
(WA)

85. Wembley 2.3809 145.67 395.83 1107.63 558.51 5.59 1.0412 1.2533

86. West 1.22 58.75 166.25 990.60 484.71 4.85 1.1427 1.9087
Leederville

87. White Gum 3.1365 44.36 152.14 721.45 388.39 3.88 1.0021 1.0082
Valley

88. Winthrop 2.7806 32.00 274.00 813.30 438.13 4.38 1.0190 1.0861

89. Woodbridge 1.1639 32.66 51.34 539.46 221.61 2.22 1.1502 1.3635
(WA)

90. Woodvale 2.8889 97.00 707.00 1023.25 666.55 6.67 1.0136 1.0944
(WA)
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Overall, the job-based TOD scenario provides further implications for increasing train
use in the future. The model calculates new values for multiplicative effects from this
analysis, with averages of 1.0617 (an increase of 6.2% in the proportion of train trip
attraction) for adding jobs in the retail sector, 1.2516 (an increase of 25.16%) for the
manufacturing sector, and 1.2518 (an increase of 25.18%) for the construction sector.
Thus, by adding new jobs to acquire the criteria of a job-housing balance ratio of 1.5
in the job-based TOD scenario, the current proportion of train trip attraction increases
on average by 6.172% for the effects of retail effective job density, 25.16% for the
effects of manufacturing effective job density, and 25.18% for the effects of
construction effective job density. Furthermore, the highest multiplicative effects from
each of the three sectors emerged in the suburbs of Highgate (WA), with a 26.8% in
the increase in the proportion of train trip attraction from the effects of retail effective
job density, Queens Park (WA) with an 89% increase due to the effects of
manufacturing effective job density, and West Leederville with a 90.9% increase from

the effects of construction effective job density.

Table 8.2 The multiplicative effects of adding new manufacturing jobs for the job-
based TOD scenario

Suburbs Distance The Add New EJD Delta Delta Multiplicative New
<41km  numbe new manufact EJD EJDman  effectsbased  multipl
r of manufa uring man (in 100 on one unit icative

manuf  cturing units) increase in effects
acturin jobs EJD
g Job

. Applecross 1417.66 639.67

2. Ardross 3.5474 41.00 124.50 1458.53 653.66 6.537 1.0093  1.0622

3. Armadale 22723  114.16 780.34 1663.69  1003.66 10.037 1.0380  1.4539
(WA)

4. Ascot (WA) 3.1377 129.02 1.98 1402.79 499.16 4.992 1.0171 1.0883

5. Ashby (WA) 3.9863 5.76 138.74 1151.83 623.06 6.231 1.0019 1.0118

6. Ashfield 1.6536 6.26 69.24 1368.12 584.08 5.841 1.0590  1.3976
(WA)

7. Atwell 2.2432 7.27 659.23 1757.41  1068.22 10.682 1.0388  1.5023

8. Bateman 2.6427 8.00 184.50 1530.73 745.75 7.458 1.0282  1.2302

9. Beaconsfield 3.9837  101.00 171.00 1391.62 599.87 5.999 1.0019  1.0116
(WA)

10. Beckenham 1.92 88.40 455.10 1732.34 912.70 9.127 1.0491 1.5484

11.  Bedford 2.136 14.52 230.48 1603.80 758.04 7.580 1.0420  1.3664

12.  Beldon 2.5931 10.00 244.00 1374.29 766.99 7.670 1.0294  1.2488

13. Brentwood 2.3787 7.39 87.61 1527.70 708.46 7.085 1.0350 1.2760
(WA)

14, Brookdale 3.3585 0.86 221.64 1418.17 844.04 8.440 1.0128 1.1129
(WA)

15. Bull Creek 1.7516 45.00 350.00 1716.17 855.39 8.554 1.0552 1.5829
(WA)

16. Burns Beach 3.9423 0.00 68.00 1038.10 496.03 4.960 1.0026 1.0129

17.  Camillo 2.3959 3.81 359.69 1493.46 887.04 8.870 1.0345 1.3514

18. Cannington 1.7192 258.00 57.50 1714.34 659.75 6.597 1.0564 1.4361

19. Carine 2.9579 7.99 306.01 1546.29 807.62 8.076 1.0209 1.1818
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20.  Carlisle 1.2898 187.70 111.30 1734.85 698.14 6.981 1.0757  1.6643
21.  Caversham 3457  131.99 89.01 1137.92 420.76 4.208 1.0109  1.0467
22.  Champion 3.3713 8.19 53.81 1243.27 553.63 5.536 1.0125 1.0713
Lakes
23.  Churchlands 3.6697 10.63 82.87 1413.91 642.39 6.424 1.0071  1.0466
24.  Claremont 1.4992 83.00 76.50 1309.86 518.29 5.183 1.0655  1.3897
(WA)
25.  Cloverdale 3.7197 33.21 480.29 1811.28 963.28 9.633 1.0063  1.0620
26. Como (WA) 3.8018 33.00 551.00 1768.23 932.39 9.324 1.0049  1.0464
27.  Connolly 2.7775 10.00 209.50 1340.77 726.46 7.265 1.0249  1.1960
28.  Coolbinia 2.803 4.02 45,98 1564.46 680.03 6.800 1.0244  1.1778
29.  Cottesloe 1.7159 49.00 178.00 1306.73 583.82 5.838 1.0565 1.3785
30.  Craigie (WA) 2.1538 9.00 368.00 1467.79 810.67 8.107 1.0415  1.3905
31.  Crawley 3.1051 28.40 8.10 1113.04 420.16 4.202 1.0178  1.0768
32.  Currambine 3.2319 22.00 415.00 1450.82 866.77 8.668 1.0152  1.1398
33.  Daglish 1.2295 1.80 49.70 1326.98 577.72 5.777 1.0789  1.5511
34.  Dalkeith 3.044 18.48 82.52 1170.38 495.65 4.956 1.0190  1.0980
35.  Duncraig 3.0559 66.00 611.00 1643.25 921.99 9.220 1.0188  1.1873
36. East 1.9572 13.61 355.89 1728.53 948.15 9.482 1.0478  1.5570
Cannington
37. East 2.7215 31.00 236.50 1303.90 615.74 6.157 1.0263 1.1731
Fremantle
38.  East Victoria 1.8402  178.98 258.02 1830.84 815.87 8.159 1.0519 1.5108
Park
39.  Eden Hill 1.7988 6.47 237.03 1566.18 741.81 7.418 1.0534  1.4708
40.  Edgewater 2.0613 2.61 245.39 1318.23 725.30 7.253 1.0444  1.3703
41.  Embleton 2.4198 70.55 100.95 1553.10 629.64 6.296 1.0339  1.2335
42.  Ferndale 2.712 5.14 280.36 1577.27 839.43 8.394 1.0265  1.2454
(WA)
43.  Floreat 3.0418 26.00 141.00 1412.56 622.85 6.228 1.0191  1.1250
44.  Glendalough 1.9066 6.28 111.22 1737.38 831.09 8.311 1.0495  1.4945
45.  Gosnells 3.067 32.00 1537.50 1856.11  1182.82 11.828 1.0186  1.2431
46.  Greenwood 2.8697 63.00 515.00 1610.63 902.48 9.025 1.0228 1.2261
(WA)
47.  Guildford 1.4108 45.23 25.77 1190.53 431.14 4.311 1.0696  1.3367
(WA)
48.  Gwelup 3.7223 14.64 152.36 1447.35 691.51 6.915 1.0062  1.0438
49.  Hamersley 3.8619 9.00 237.50 1507.00 777.90 7.779 1.0039  1.0306
50.  Heathridge 2.2095 11.00 433.50 1432.49 848.02 8.480 1.0398  1.3926
51.  Highgate 1.1953 15.09 58.91 1621.83 719.50 7.195 1.0809  1.7498
(WA)
52.  Hillman 3.7598 5.66 176.34 1215.79 636.50 6.365 1.0056  1.0361
53.  Hocking 3.9771 7.81 403.69 1607.51 971.05 9.710 1.0020 1.0199
54.  Huntingdale 3.8941 22.00 676.00 1697.95 1034.03 10.340 1.0034  1.0353
(WA)
55.  lluka (WA) 4.0504 10.00 239.50 1228.25 685.61 6.856 1.0009  1.0060
56.  Inglewood 2.1942 35.48 254.52 1615.32 769.36 7.694 1.0403  1.3551
(WA)
57.  Innaloo 3.6884 29.00 316.50 1763.29 918.12 9.181 1.0068  1.0642
58.  Jolimont 1.4659 27.23 12.27 1298.15 496.73 4.967 1.0671  1.3804
59.  Joondalup 3.0572  253.53 285.47 1470.97 700.35 7.003 1.0188  1.1391
60. Joondanna 2.6462 2.58 236.42 1667.09 877.33 8.773 1.0281  1.2750
61. Karawara 2.3618 4.81 60.19 1529.84 686.49 6.865 1.0355 1.2703
62. Kardinya 3.8771 90.88 478.12 1754.99 909.60 9.096 1.0036  1.0336
63.  Kelmscott 2.6526  416.00 286.50 1392.68 596.86 5.969 1.0279  1.1787
64.  Kensington 2.3136 12.00 167.00 1623.89 755.45 7.554 1.0368  1.3141
(WA)
65. Kenwick 26649  154.23 248.27 1402.03 626.07 6.261 1.0276  1.1860
66. Kiara 2.766 2.35 146.65 1499.30 682.07 6.821 1.0252  1.1851
67. Kingsley 3.2559 50.00 631.50 1631.71 931.54 9.315 1.0147  1.1460
68.  Kinross 3.0197 23.00 408.00 1423.37 858.91 8.589 1.0196  1.1811
69. Langford 2.4319 16.00 445.00 1663.37 962.08 9.621 1.0336  1.3739
70. Lathlain 1.3894 19.00 169.00 1646.97 783.55 7.835 1.0707  1.7075
71. Leda 3.4007 6.00 306.50 1195.08 588.60 5.886 1.0120 1.0725
72.  Leederville 1.3737 45.00 59.00 1539.74 638.95 6.389 1.0714  1.5540
73.  Leeming 2.9843 49.00 643.00 1790.69 965.02 9.650 1.0203  1.2143
74.  Lockridge 2.601 2.48 314.52 1599.15 876.33 8.763 1.0292  1.2868
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75.  Lynwood 2.838 2.86 239.14 1557.52 836.66 8.367 1.0236  1.2151
(WA)

76. Manning 2.8852 8.34 121.16 1556.52 721.44 7.214 1.0225 1.1741

77.  Marmion 3.9227 7.30 65.20 1267.65 605.25 6.053 1.0029 1.0177

78. Maylands 2.0831 77.00 664.50 1944.46  1054.51 10.545 1.0437 1.5699
(WA)

79. Medina 3.5709 10.58 124.92 1116.09 537.75 5.377 1.0089 1.0485

80. Menora 3.1337 5.98 60.52 1520.05 656.37 6.564 1.0172 1.1183

81.  Mosman Park 1.9005 47.00 267.00 1333.92 627.35 6.273 1.0497  1.3560
(WA)

82. Mount 2.3101 6.54 121.46 1307.01 567.13 5.671 1.0369  1.2282
Claremont

83. Mount 1.8942 100.00 191.50 1774.82 797.55 7.976 1.0500 1.4753
Hawthorn

84. Mount 1.5865 59.39 346.11 1817.22 885.36 8.854 1.0618 1.6998
Lawley

85.  Mount 2.0679 3.00 201.50 1325.11 712.77 7.128 1.0442  1.3609
Nasura

86. Mount 3.0139 30.39 265.61 1627.96 809.87 8.099 1.0197 1.1710
Pleasant
(WA)

87.  Mount 3.9691 1.45 156.55 1252.92 622.05 6.221 1.0022 1.0135
Richon

88. Mullaloo 3.7287 27.00 258.50 1383.00 74417 7.442 1.0061 1.0463

89.  Munster 3.904 167.60 183.90 1179.75 484.96 4.850 1.0032  1.0156

90. Murdoch 2.435  120.45 10.55 1451.54 542.96 5.430 1.0335 1.1958

91.  Nedlands 23292 119.74 95.26 1256.80 493.34 4.933 1.0364  1.1928

92. North Lake 2.8949 2.68 53.32 1242.76 543.49 5.435 1.0223 1.1272

93.  North Perth 2.2107 74.00 243.00 1793.68 832.86 8.329 1.0398  1.3840

94.  Northbridge 1.6833 47.00 3.00 1603.40 601.79 6.018 1.0578  1.4024
(WA)

95. Ocean Reef 4.024 29.00 438.00 1415.34 814.45 8.145 1.0013 1.0105

96.  Padbury 2.8003 24.00 509.00 1554.60 885.75 8.857 1.0244  1.2383

97. Parmelia 2.2581 10.75 547.75 1546.06 895.76 8.958 1.0384 1.4015

98.  Pearsall 3.6336 4.88 201.12 1260.82 712.36 7.124 1.0077  1.0565

99. Peppermint 1.5098 14.00 27.00 1180.68 471.89 4,719 1.0651 1.3465
Grove

100. Queens Park 1.4585 13.39 351.61 1812.84 983.75 9.838 1.0674  1.8996
(WA)

101. Rivervale 1.8713 250.73 213.27 1807.20 753.68 7.537 1.0508 1.4524

102. Rossmoyne 2.7395 11.67 129.83 1546.41 739.17 7.392 1.0258 1.2075

103. Safety Bay 4,0999 12.12 643.88 1489.52 907.25 9.072 1.0001  1.0010

104. Seville Grove 2.9966 6.00 875.00 1849.05 1228.28 12.283 1.0201 1.2762

105. Shenton Park 1.4905 111.54 17.96 1314.85 477.68 A4.777 1.0659 1.3567

106. Sorrento 3.9876 23.27 259.23 1549.01 800.01 8.000 1.0019  1.0150
(WA)

107. South 2.3925 80.70 77.30 1262.25 493.21 4.932 1.0346  1.1828
Fremantle

108. South 2.5444 155.77 24.73 1224.24 415.72 4.157 1.0306 1.1336
Guildford

109. South Perth 3.9637 61.00 398.50 1826.11 909.80 9.098 1.0022  1.0206

110. St James 1.5844 32.90 209.10 1703.36 836.19 8.362 1.0618  1.6516
(WA)

111. Stirling (WA) 2.5418 116.08 388.42 1832.87 917.31 9.173 1.0307 1.3196

112.  Subiaco 1.4745 218.10 25.40 1394.55 470.04 4.700 1.0667 1.3544

113. Swanbourne 2.3087 12.48 72.02 1184.61 486.76 4.868 1.0370 1.1932

114. Thornlie 2.9413 41,00 1948.50 2183.06  1507.13 15.071 1.0213 1.3730

115. Tuart Hill 3.5353 14.43 386.57 1750.43 987.24 9.872 1.0095 1.0977

116. Victoria Park 2.0073 44.00 387.00 1840.12 979.60 9.796 1.0461  1.5555

117.  Warwick 2.5922 31.00 145.00 1497.13 718.36 7.184 1.0294 1.2315
(WA)

118. Waterford 3.7474 9.82 88.18 1562.10 703.87 7.039 1.0058  1.0415
(WA)

119. Wellard 3.7979 21.06 289.94 1088.25 505.22 5.052 1.0049  1.0252

120. Wembley 2.3809 74.89 275.11 1674.21 780.52 7.805 1.0349 1.3075

121. West 1.22 59.13 46.37 1533.07 628.58 6.286 1.0795 1.6172
Leederville
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122.  White Gum 3.1365 58.71 88.79 1271.43 525.82 5.258 10171  1.0934
Valley

123.  Willetton 3.8614  282.00 789.50 1985.17  1044.89 10.449 1.0039  1.0414

124.  Wilson 3.2732 10.00 305.50 1687.80 870.05 8.701 1.0144  1.1325

125.  Winthrop 2.7806 19.00 271.00 1558.53 767.85 7.679 1.0249  1.2077

126. Woodbridge 1.1639 25.45 24.55 1132.42 420.19 4.202 1.0827  1.3963
(WA)

127. Woodlands 3.66 21.88 103.12 1437.34 666.83 6.668 1.0073  1.0496
(WA)

128. Woodvale 2.8889 44.00 520.50 1475.83 830.86 8.309 1.0224  1.2022
(WA)

Table 8.3 The multiplicative effects of adding new retail jobs for the job-based TOD
scenario

Suburbs Distan The Add New Delta Delta  Multiplicative New
ce< number new EJD EJD EJDRe effects based multiplic

2.4062 of retail retail Retail Retail t(in on one unit ative
km Job jobs 100 increase in effects

units) EJD

. Applecross 2.2222 181.00 773.28

2. Armadale 2.2723 369.31 562.69 920.11  437.57 4.376 1.0047 1.0208
(WA)

3. Ashfield 1.6536 7.40 83.10 575.23  239.68 2.397 1.0312 1.0765
(WA)

4. Atwell 2.2432 14.06 668.94 976.98  672.89 6.729 1.0058 1.0395

5. Bassendean 1.6188 235.33 402.67 828.58  337.46 3.375 1.0330 1.1159
(WA)

6. Bayswater 2.1437 327.16 583.84 973.65 414.13 4141 1.0095 1.0400
(WA)

7. Beckenham 1.92 177.87 289.13 777.16  289.44 2.894 1.0187 1.0550

8. Bedford 2.136 51.47 310.53 860.83  447.71 4.477 1.0098 1.0447

9. Bentley (WA) 2.3465 469.47 83.03 920.84 14331 1.433 1.0021 1.0030

10. Brentwood 2.3787 33.98 103.02 692.54  250.79 2.508 1.0009 1.0024
(WA)

11. Bull Creek 1.7516 395.00 99.00 866.51  142.68 1.427 1.0264 1.0378
(WA)

12. Camillo 2.3959 8.88 371.12 731.25 470.10 4,701 1.0004 1.0017

13. Carlisle 1.2898 171.29 205.71 899.24  311.61 3.116 1.0525 1.1727

14. Cottesloe 1.7159 398.00 40.50 775.27 90.99 0.910 1.0281 1.0255

15. Craigie (WA) 2.1538 89.00 414.00 788.49  378.86 3.789 1.0091 1.0350

16. Daglish 1.2295 1.80 76.70 616.22 23131 2.313 1.0566 1.1358

17. East 1.9572 26.72 336.78 834.25  436.58 4.366 1.0171 1.0767
Cannington

18. East Perth 1.4896 231.67 170.83 857.84  245.88 2.459 1.0401 1.1015

19. East Victoria 1.8402 399.59 23841 1071.02  301.06 3.011 1.0222 1.0684
Park

20. Eden Hill 1.7988 22.66 292.84 79055  420.38 4.204 1.0241 1.1055

21. Edgewater 2.0613 137.41 259.09 759.48  313.82 3.138 1.0128 1.0406

22. Glendalough 1.9066 49.56 121.94 907.86  326.26 3.263 1.0193 1.0642

23. Guildford 1.4108 85.76 3.24 459.65 61.63 0.616 1.0448 1.0273
(WA)

24. Heathridge 2.2095 61.00 578.50 910.79  567.01 5.670 1.0070 1.0404

25. Highgate 1.1953 46.08 114.92 953.17  413.86 4.139 1.0590 1.2680
(WA)

26. Inglewood 2.1942 254.30 136.20 846.51 223.11 2.231 1.0076 1.0170
(WA)

27. Jolimont 1.4659 54.83 8.67 577.73 84.70 0.847 1.0415 1.0350

28. Karawara 2.3618 66.20 72.30 699.40  196.28 1.963 1.0015 1.0030

29. Kensington 2.3136 34.00 185.50 707.89  278.48 2.785 1.0032 1.0090
(WA)

30. Lathlain 1.3894 19.00 179.50 758.06  332.01 3.320 1.0461 1.1613

31 Maylands 2.0831 252.00 60050 1139.14  560.29 5.603 1.0119 1.0685
(WA)

32. Mosman Park 1.9005 230.00 381.00 868.34  374.22 3.742 1.0195 1.0751
(WA)
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33. Mount 2.3101 23.12 260.88 687.53  280.41 2.804 1.0033 1.0094
Claremont

34, Mount 1.8942 299.00 147.00 1029.32  235.33 2.353 1.0198 1.0473
Hawthorn

35. Mount 1.5865 491.66 386.34 1278.83  418.95 4,189 1.0347 1.1538
Lawley

36. Mount 2.0679 0.00 224.00 566.68  309.55 3.096 1.0125 1.0392
Nasura

37. Nedlands 2.3292 415.90 225.10 889.93  228.37 2.284 1.0027 1.0061

38. North 2.3536 113.00 22.50 476.49 69.96 0.700 1.0018 1.0013
Fremantle

39. North Perth 2.2107 305.00 279.00 1110.42  361.06 3.611 1.0070 1.0254

40. Parmelia 2.2581 21.50 454.50 707.17  428.32 4.283 1.0052 1.0226

41. Queens Park 1.4585 26.28 355.22 915.36  468.13 4.681 1.0419 1.2119
(WA)

42, Rivervale 1.8713 133.25 396.75 972.19  459.72 4,597 1.0208 1.0994

43. St James 1.5844 193.90 82.60 826.92  185.38 1.854 1.0349 1.0656
(WA)

44, Swanbourne 2.3087 81.14 124.86 556.64  153.46 1.535 1.0034 1.0052

45, Viveash 2.0809 5.53 78.97 470.83  166.93 1.669 1.0120 1.0201

46. Wembley 2.3809 218.91 552,59 1159.97 532.06 5.321 1.0009 1.0046

47. West 1.22 70.43 177.57 883.17 336.16 3.362 1.0573 1.2059
Leederville

Geographical extent of agglomeration refers to the radius or scope within which any
benefit of agglomeration for train ridership may be realised by adding more jobs. This
means that manufacturing jobs may be added at a further distance away from
destination stations, and still contribute to the increase in train ridership, than the other

two sectors.

The incorporation of distance variable to train station has influenced the relationship
between effective density and train ridership. As shown in table 8.1 — 8.3, adding new
jobs produces larger multiplicative effects. The magnitudes of these multiplicative
effects are dependent on how many jobs are added and how far the suburb is from a
station. Figures 8.1 — 8.3 may explain the extent to which the distance variable may

influence the multiplicative effect of agglomeration on train ridership based on sectors.

Referring to table 8.1 and figure 8.1, suburbs 86 (West Leederville) and 89
(Woodbridge) are both located approximately 1 to 2 km from their nearest station, yet
their multiplicative effects are very different. West Leederville has more construction
job activities (59 jobs) than Woodbridge (33 jobs). As the number of employed
residents is higher in West Leederville, more jobs would need to be added to acquire
the ratio of 1.5 than in Woodbridge. Adding 166 new construction jobs in suburb 86
leads to a 1.9 multiplicative effect on train ridership (an increase of 90%), but adding

51 new construction jobs in suburb 89 leads to only a 1.36 multiplicative effect (an
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increase of 36%). Similarly, adding jobs to suburbs located at different distances from

the nearest station, for example, suburbs 18 and 65 in figure 8.1, also results in different

multiplicative effects. Similar conclusions may be applied to the other sectors (figures

8.2 and 8.3).

Multiplicative effects of effective construction job density on train ridership
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Figure 8.1 The multiplicative effects of adding new construction jobs on the

proportion of train ridership attraction

In addition, while the magnitude of multiplicative effects is both a function of job

number and distance, the results imply that different level of activities, as measured by

current job numbers (West Leederville is much more developed than Woodbridge, for

example) also contribute to different levels of multiplicative effects.
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Multiplicative effects of effective manufacturing job density on train ridership
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Figure 8.2 The multiplicative effects of adding new manufacturing jobs on the
proportion of train ridership attraction

Figures 8.1 to 8.3 clearly demonstrate that the multiplicative effects on the proportion
on train trip attraction are highest when the effects of effective job density are confined
in a smaller geographic area. The construction sector (figure 8.1) and manufacturing
sector (figure 8.2) showed almost similar multiplicative effects on train trip attraction.
The multiplicative effect of effective density from the manufacturing sector however,
it is confined in larger geographical extent (figure 8.2) than from the construction
sector. On the other hand, the retail sector produced a smaller magnitude effect in much
smaller geographical area (figure 8.3). As a steep curve over a short distance provides
evidence of more concentration (Paez et al, 2011), this may suggest that the
construction sector demonstrates the highest effects of effective job density on train

ridership attraction.
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Multiplicative effects of effective retail job density on train ridership
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Figure 8.3 The multiplicative effects of adding new retail jobs on the proportion of
train ridership attraction

8.2 THE TRADE-OFF MECHANISM AND THE JOB-HOUSING BALANCE
HYPOTHESIS

This section discusses the relationship between effective density and train ridership by
considering the implications of the job-housing balance. This is discussed from the

perspective of a wage/land rent and travel cost trade-off.

This thesis incorporates the concept of travel time saving, which has been used to
explain the trade-off between wage, land rent or housing costs, and travel costs (Ryan,
2011, Cervero and Duncan, 2012, So, K 2011, Timothy and Wheaton, 2001). That is,
lower paid workers in less-skilled jobs, such as in the retail sector or in blue collar
occupations, tend to be more spread out. Therefore, they have more opportunities to
live closer to work and spend less on transport costs. On the other hand, the higher

paid jobs are often located in the city centre where houses are more expensive. There

Chapter 8: Policy implications of train ridership prediction 245



Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

Is a trade-off between paying more for a house to live closer to work and paying less
for a house but travelling further. Wang and Chai (2009) suggested that wage
differences between blue collar and white collar employed resident allowed for white
collar workers with higher wages to live farther from employment centres and that

blue collar worker with lower wages lived clustered near their workplaces.

The travel time saving concept suggests that once accessibility improved and travel
time or travel costs reduced, these benefits are translated into higher real incomes
(Venables, 2004). In addition, locations with improved accessibility following the
railway line extension would also improve its centrality and the travel times to/from
these locations, and travel time savings being capitalized into higher land rents (the
land rent premium) (Ryan, 2011). Workers can choose to spend more on land rent;
thus, more people can afford to live in a metropolitan area, on aggregate increasing the
metropolitan size. The effective density scheme proposed in Venables (2004) and
Graham (2007) applied the same principle of trade-off between wage, land rent or
housing costs and travel costs, in order to determine the city size and, due to an

increasing rate of return, to explain increases in urban productivity.

Thus, a strong correlation between travel time saving, wage levels, land rents, urban
productivity and effective density, especially in relation to the impact of public
transport investment, has been proposed. The decision on where to live and to work
assumed to be resulting from this trade-off thereby determines the level of job-housing
balance in the overall study area. Nevertheless, Timothy and Wheaton (2001)
cautioned that there may an uncertainty as to whether these trade-offs were a result of
the agglomeration equilibrium or the dis-equilibrium of employment distribution.

In this section, this study attempts to investigate whether the effect of effective density
on train ridership can be explained by the concept of wages/travel costs trade-off.
Where the job-housing balance has been a consequence of this trade-off, investigating
the current job-housing balance characteristics may inform as to why effective density

may be likely to influence train ridership.

The wage premium and land rent premium was calculated as a function of travel time

saving following the research method proposed originally in Herbert and Steven and
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later in the research of Timothy and Wheaton, 2001 (Herbert and Steven, as cited in
Timothy and Wheaton, 2001). In addition, the effective density premium can also be
calculated as a function of travel time saving following the same procedure. Thus, the
effective density premium can be compared to the wage and land rent premium to

assess the characteristics of various suburbs.

Referring to the method applied in Timothy and Weathon, 2001, dummy variables
were developed based on the job-housing balance category (instead of the employment
centre dummy variable of Timothy and Weathon’s study) and the level of job-housing
balance in each suburb was determined. All suburbs were categorised into three groups
based on the value of their job-housing balance, as explained in section 4.1.2.6 in
chapter 4. These categories are dummy variables for the construction of log linear

wage equation, and are mapped in figure 8.4:

1. Category 1: ratios of job-housing balance of between 0 and 0.75 represents
suburbs where the number of jobs available are only limited compared to the
number of employed residents. Suburbs in this category are named as
“employed resident-rich” suburbs or suburb category 1.

2. Category 2: ratios of job housing balance of between 0.75 and 1.5 represent a
balance between the number of jobs and the number of employed residents.
Therefore, this dummy variable will be served as the reference category.
Suburbs in this category are named as “job-housing balanced suburbs” or
suburb category 2.

3. Category 3: ratios of job-housing balance above 1.5 represent suburbs where
the number of jobs exceed the number of employed residents by at least 50%,
where for every 1 employed resident there are 1.5 jobs available. Suburbs in

this category are named as “job-rich suburbs’ or suburb category 3.
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Figure 8.4 The category of suburbs based on job-housing balance criteria

Based on the study of Timothy and Wheaton 2001, wage differences between

employment centres may be related to the average commuting costs for employment
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locations. Timothy and Wheaton, 2001, estimated the wage differences using the

following log-linear wage equation:

In(W;) = aX;+ BZ;, j=1,..,], Equation8.4
Where:

W; = wage of individual worker j
X; = a vector of work zone specific dummy variables
Z; = avector of individual worker characteristics.

Since Timothy and Wheaton, 2001, used a microdata sample dataset, the estimation of
wages was able to be conducted at the individual worker j that worked at a work zone

J- The Z parameter represented the control for individual characteristics in the model.

This thesis has used an aggregate approach based on the fishnet dataset, so that wages
have been aggregated over suburb j from all n fishnets in suburb j, and wages have
been specified for each occupation type, especially for managers/professionals and the
blue-collar wages group. Therefore, the vector Z represents the control for various
suburb characteristics, especially in terms of its job and occupation structures.

Therefore, equation 8.4 may be modified as follows:

In(W;) = aX; + BZ;, j=1,..,], Equation8.5
Where:

W; = the average hourly wages over all workers in n fishnets in suburb j.

X; = avector of work zone specific dummy variables based on the job-housing balance
category: where the work zones are classified into category 1 (employed resident-rich
suburbs, 2 (job-housing balance suburbs), and 3 (job-rich suburbs). This can take one

of the 3 values 1, 2, 3, and category 2 is the reference category.

Z; = a vector of suburb characteristics as control variables consisting of: the proportion
of employed residents working as managers/professionals, the proportion of employed
residents working in blue collar occupations, the proportion of employed residents

working in the construction sector, the manufacturing sector and the retail sector, the
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proportion of manager/professional jobs, the proportion of blue collar jobs, the
proportion of jobs in the construction, the manufacturing, and the retail sector.

j =asuburb over all J suburbs in the study area.

By the same procedure, the land rent differences and the effective density differences

across suburb are estimated by the same model, as follows:

In(LV;) = aX; + BZ;, j=1,..,], Equation 8.6,
And

In(ED;) = aX; + BZ;, j =1,...,J, Equation 8.7
Where

LV; = the mean of land rents of suburb j over the n fishnets in suburb j.

ED; = the mean of effective density (both in terms of employed resident and job) of

suburb j over the n fishnets in suburb j.

X; and Z; are defined as mentioned above.

j =asuburb over all J suburbs in the study area.

All of log-linear equation results are presented in the appendix of 62-71 of chapter 8.

In place of work dataset or train trip attraction model, the addition of the agglomeration
variable to the LUTI model has had the effect of rendering wage and land rent variables
statistically insignificant in the SETI model. There may be multicollinearity issues
between the indirect or partial urban productivity factors (wage, land rent and effective
density) that result in a more significant effect of one factor and less significant effect
of other factors on the dependent variable. For example, the correlation between the
wages of managers/professionals and land rent is 0.5, the correlation between the
wages of managers/professionals and effective job density is 0.4, and the correlation

between land rent and effective employed resident density is 0.6.

In order to find the true influence of wage levels on the proportion of train trips, an
additional model (without land use variables and effective density variables) has been
developed (appendix 59 of chapter 8) to identify the direct effect of wages on train
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ridership. This model shows that the wages of managers/professionals has a
statistically significant positive influence in attracting train trips, whereas the wages
of blue collar workers remains insignificant. Therefore, the following nvestigation on
wage premium equation only holds for the wages of manager/professional

occupations.

The estimations from equations 8.5 to 8.7 were conducted allowing for diverse
intercepts in each job-housing balance category through using dummy variables, with
the reference category being the balanced category (category 2). The results have an
adjusted R?range from around 0.30 to more than 0.60. Table 8.4 presents the associated
wage premium, land rent premium, and effective density premium for each of the job-
housing balance categories. The standardized beta coefficients represent the
percentage difference in wages (or in land rent or effective density) between the job-
rich suburbs (category 3) and the reference category (category 2); and between the

employed resident-rich suburbs (category 1) and the reference category (category 2).

Table 8.4 The standardized beta coefficient of wage premium, land rent premium,
and effective density premium for each job-housing balance category suburbs
(Appendix 62-65)

Variable Category 1 Category 2 job- Category 3 The
job-housing housing ratio job housing adjusted

ratio 0 —0.75 0.75-1.5 ratio > 1.5 R?
(balance)=
reference category
Wage premium -.051 0 .303 38.2%
(managers/professionals
occupation)

Land rent premium -.050 0 .079 30.8%

Effective employed 123 0 .104 49.1%
resident density in all
sector premium

Effective job density in -.077 0 297 57.1%
all sector premium

All variables in the table are statistically significant at the 99% level of confidence
(p<0.001).

Based on table 8.4, wages for managers/professionals in the job-rich suburbs are
30.3% higher than that of the balanced job-housing suburbs. These results are in line
with the results for the effective job density premium, where the job-rich suburbs are

around 30% higher for effective job density compared to the balanced suburbs.
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Similarly, the job-rich suburbs are 8% higher in land rent than balanced suburbs. For
category 1, employed resident-rich suburbs have around 8% lower effective job
density, 5% lower for land rent, and 5% to 7% lower wages compare to balanced
suburbs. However, the effective employed resident density is 12% higher than that of
the reference category. Note that effective job density and wages have a similar level

of premium for category 3 suburbs, and that land rent premiums are lower.

The similarity of relative premiums for effective density and wages may suggest, based
on Venables’s convex curve for wages (Venables, 2004), that they both may exhibit
similar patterns of distance decay relative to the distribution of stations. This
explanation has been investigated based on the empirical data from 2011 in the study

area.

To examine why suburbs in different job-housing balance categories have different
characteristics for wages, land rents and effective density, a simple curve fitting model
has been developed, based on the fishnet data set. The average value for wages, land
rents and travel times in each buffer ring, as a function of the distance between suburbs
and stations, have been constructed referred to equation 5.9 and 5.10 in chapter 5.
Figure 8.5 -8.7 present the empirical data from 2011 based on the relationship for
wages, land rents, and travel times respectively. The graphs are drawn based on the
average values for ease of interpretation. The dependent variable is transformed into

log natural, in order to perform the elasticity of wages on distance as a percentage.
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Natural logarithm of hourly managers/professionals wages
per person on average in each ring
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Figure 8.5 The association between wages and the suburb distance from train station.
The y value in average In of wages in $, referred to equation 5.10.
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Figure 8.6 The association between land rents and the suburb distance from train
station. The y value in average Ln of land rent in $.
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Travel time by park and ride services of suburbs
on average in each ring
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Figure 8.7 The association between travel costs (travel time) and the suburb distance
from train station. The y value in average travel time in minutes.

A complementary graph showing the elasticity of wages and land rents on the changes
in travel times is also shown in figure 8.8. The scatter graphs in figures 8.5-8.7 were
developed based on equation 5.9 and 5.10. However, figure 8.8 was constructed from
a variation of equation 5.9, but based on the same principle, where the fishnet data
were divided into travel time buffer rings instead of distance buffer rings. Equations

are rewritten as follows:

a=YR, a; Equation8.8

b, = %/,  Equation 8.9
Where:
a; = the value of variable (effective density) of a fishnet located in ring i

b; = the average value of fishnets located in ring i
a = the total value of effective density over all fishnet i over all ring R.
R = 16.

I = defined as travel time buffer rings from 1 to R=16 (instead of the station distance
rings), where ring 1 represented travel time from 60 minutes to <=63 minutes, ring 2
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represented travel time from 63 minutes to <=66 minutes, until it reachs ring 16 where
the travel time is in between 105 and 108 minutes.

Based on Venables’s wage curve model, this study has assumed the central location or
the zero location to be stations instead of the CBD, and has calculated how the wages
of managers/professionals, the land rents and the travel times are correlated with
distance from the train station. Figure 8.5 and 8.6 show the results of the trade-off. In
exponential form, the beta coefficient directly refers to the elasticity or the percentages
changes in y as a function of x. However, in a linear model, such as that shown in
figure 8.7, the coefficient beta value is the effect on y due to an increase of one unit in

X.

These graphs may be interpreted both for the workplace suburbs and the residential
suburbs. For example, applying them to workplace suburbs, a 2.1% increase in land
rent density paid by firms, for every 1 km the workplace suburb is closer to the nearest
station, is associated with a a reduction of 1.0068 minutes in the average travel time to
suburbs located in the assigned ring buffer in question. Workplaces nearer to stations
or located in more central locations will therefore be associated with higher wages,
higher productivity, less travel costs, and a larger catchment size, and be expected to

attract higher train ridership.

It is apparent from figure 8.6 that if firms choose to move to a location with an
improvement of only 1 minute in accessibility, firms will then pay 2% more in land
rent, and therefore would need to focus on activities with higher productivity to be able
to relocate. If they choose to establish firms in a less accessible area, they will pay less
for rent at a cost of their employees spending more on transport costs and potentially
lower productivity.

Applying the results to the residential suburbs, for every 1 minute increase in travel
time to reach workplace, employed residents need to receive 0.05% higher wages in
order to compensate for the increased commute to work by train (figure 8.8); or, for
every 1 km increase in distance of residential locations from stations, (figure 8.5),
employed residents need to receive 0.3% higher wages, holding the house prices

constant.
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The association between wages, land rents, and its associated travel costs (travel
time) for corresponding fishnets
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Figure 8.8 The association between travel times and the level of wages or land rents

It is apparent from figure 8.8 that, for every 1 minute saved in travel time, residents
choosing to move to a location with an improvement of 1 minute in accessibility or
centrality are willing to pay higher housing costs of 0.9% per square metre, holding
the wages constant. Note that figure 8.8 shows a limited amount of variability in wages
premium. The wages and land rent are much more sensitive on the increase in suburbs’

distance to stations than on the increase in suburbs’ average travel time.

The results from figures 8.5 and 8.6 may suggest why job-rich suburbs gain higher
positive premium in wages, land rent and effective job density than the reference
category (as shown in table 8.4). Job-rich suburbs, thus, are likely to be a typical of
areas with higher accessibility that may accumulate higher travel time saving for
workers and firms located there. Thus, locations near stations or locations with lower
travel times may experience higher travel time saving and be capitalized into larger
land rent premiums, and therefore higher effective job density compare to other areas
(table 8.4).
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The map of job-rich suburbs (category 3 on figure 8.4) shows that their distribution is
essentially related to the areas around the Perth CBD (which have a high centrality),
suburbs near train stations, inner suburbs and suburbs close to south-western coast line
near the industrial centre of Henderson-Kwinana which is close to major

highway/freeway routes.

The employed resident-rich suburbs (category 1) correspond to lower wage premiums,
land rents, and effective job densities compared to the reference category, and
therefore also in comparison to category 3. These areas are dominated mainly by
residential activities, and eventually generate higher effective employed resident
densities compared to the reference category. These areas may correspond to areas of

the least degree of centrality, as suggested by the graphs of figures 8.8.

In order to further explore the implications of these job-housing balance
characteristics, commuting patterns among these suburb categories have been

examined.

Table 8.5 Differences in the numbers and proportions of train trips between suburb
categories (appendix 66-69)

Category 1 Category 2 job- Category 3 The adjusted

job-housing housing ratio 0.75-  job housing R?
ratio 0 —0.75 1.5 (balance)= ratio > 1.5
reference category

The number of total -0.314 0 0.134 38.6%
trip attraction
The number of total 0.077 0 -0.255 36.6%
trip production
The proportion of train .048 0 178 19.5%
trip attraction
The proportion of train .198 0 182 13.3%
trip production

The total number of trips and the proportion of trips by trains have been compared
between each suburb category (table 8.5). Table 8.5 shows the employed resident-rich
suburbs have higher total trips leaving those suburbs (production) than the reference
category, and the job-rich suburbs have higher total trips arriving at those suburbs
(attraction) than the reference category, which is not unexpected. However, in terms

of the proportion of train trips, for both production and attraction, suburb categories 1
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and 3 are both higher than the reference category. Job-rich suburbs have the highest
proportion of train trip attraction, since these suburbs may be expected to attract
considerably more train trips than the job-housing balanced suburbs. Similarly,
employed resident suburbs have the highest proportion of train trips produced, since
these suburbs are likely to produce considerably more train trips than the balanced
suburbs.

However, to understand why the balanced suburbs produced and attracted the lowest
levels of train ridership, a further log linear wage equation based on travel time saving
was conducted, and a regression model with the natural log of hourly wages of
managers/professionals as the dependent variable, and the travel time of park and ride,
split by suburb category, as the independent variable was also performed. An
interaction variable was constructed between the travel time and the category of
suburbs to determine the elasiticity of wages on the changes in travel time for each
suburb category, compared to the reference category. Results are as follows in table
8.6.

Table 8.6 The trade-off between hourly wages (managers/professionals occupation)
as dependent variable and travel time park and ride for each suburb categories
(appendix 70)

Independent variable Coefficient of travel time of Std errors

In wage of managers/
professional
Average travel time -0.004 0.000

Employed resident-rich 0.002 0.000

suburbs travel time (category

1)

Job rich suburbs travel time 0.005 0.000

(category 3)

Adjusted R-square 30.2%

The value of travel time saving or votts is defined as “the amount of money an
individual is willing to outlay in order to save a unit of time spent traveling, cateris
paribus ” (Hensher et al., 2005, p. 358). However, this concept is usually measured
based on travel time spent on commuting. In this study, the travel time saving is
measured from the centrality of workplace suburbs, based on the average travel time
by park and ride to reach this workplace from all other (residential) suburbs on
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average. Thus, the regression coefficient represents the changes in hourly
managers/professionals wage levels offered by each suburb category, relative to the
reference category, for every 1 minute increase spent in travel to reach this workplace
or for every 1 minute reduction in centrality of this suburb in question. By assuming 8

hours of working time, “a one minute of travel time represent a loss of 1/480*° of the
time spent working in an 8 hour day”, or two minutes of two way journey travel time

represent “a loss of 1/240 of the time spent working in a day®” (Timothy & Wheaton
2001, p. 353). As the data of trip journey represents one way journey, the coefficient
in this equation would represent the impact of an increase in two minutes of travel time

on the wage level.

Comparing the job-rich and employed resident-rich suburb categories to the reference
category, a regression coefficient in table 8.6 represents the impact that increasing 1
minute of travel time would have on increasing or decreasing wages in job-rich and
employed resident-rich suburb category, relative to the reference category. Dividing
the estimated coefficient of each suburb category by 1/240, those who are working in
employed rich suburbs (category 1) have a value of time of 0.48 of the wage rate for
those who are working in the reference category'’. Those who are working in the job-
rich suburbs (category 3) have a value of time of 1.2'® of the wage rate of those who
are working in the reference category. Thus, the value of time of employed residents
working in the job-rich suburbs in higher than the reference category and they get
higher wages; and the value of time of employed resident working in the employed
resident-rich suburbs is lower than the reference category and they get lower wages.

People who work in suburbs category 3 are working in more productive suburbs, and
thus get paid more and have higher votts is consistent with the calculation refer to table
8.4. They may be willing to travel more than people working in job-housing balanced
suburbs. It has been well known that worker received high wages tends to live at lower

15 As 8 hours means 8 times 60 minutes or 480 minutes

16 The trip pattern data from the ABS is based on the one way commuting journing.

17 The coefficient of travel time of workers who work in employed rich suburbs category is 0.002.
Thus 0.002 divided by 1/240 is equal to 0.48.

18 The coefficient of travel time of workers who work in job-rich suburbs is 0.005. Thus 0.005 divided
by 1/240 is equal to 1.2.
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densities and commute farther (Timothy &Wheaton, 2001; Wang & Chai, 2009). This
may suggest workplaces located near the city centre or stations of the job-rich suburbs
have a larger catchment of train users due to workers being willing to undertake a
longer commuting journey. Figure 8.9 shows that the centrality of suburbs, as
measured by travel time by park and ride, is higher for suburbs located both near the
Perth CBD and near to stations. This means, employment centre such as the Perth
CBD, Fremantle, Armadale, Welshpool would have larger catchment by train than job-
housing balance suburbs. Due to this larger catchment, these suburbs attract more train

ridership or produce more train ridership than the reference category.

An explanation as to why job-housing balanced suburbs produce and attract a lower
proportion of train ridership than other categories may be due to the spatial structure
of the distribution of jobs and employed residents in the study area. Map in figure 8.4
showed that job-housing balanced suburbs are located in the areas in railway lines, or
areas with limited railway services. These areas may also be associated with lower
centrality and less development than other locations. This may suggest that limited
land development, or low numbers of employed residents and jobs, where the ratio of
jobs and housing remains in balance technically, may be related to lower travel demand
for train ridership from/to these areas overall in comparison to other suburb categories.

When the accessibility to the railway services of suburbs is low, a policy of mixed land
use (which provides an equal number of residential and employment land uses) may
produce best results in reducing the total number of trips, but it will not increase train
ridership. When the accessibility of suburbs is high, these areas are attractive for job
development. Job-rich suburbs have the potential to increase both the train trip
production and attraction, since these areas offer higher wages, working people in
these suburbs have high votts, and thus the area has a larger catchment that can utilize
both the effective employed resident and job densities to produce and attract train
ridership. The high effective density premium generated from these areas may increase
train ridership provided there is sufficient connectivity by railway services between
residential suburbs and workplace suburbs. Employed resident-rich suburbs near train
station may still attract train ridership if jobs are provided within the station precinct

as working people work in these areas would have low votts. Employed resident-rich
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suburbs far from stations may still capture a higher effective employed resident density
to generate train trip production (refer to the model results in section 7.2.2.1).

Travel d ride in suburbs on average
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Figure 8.9 Map of average travel time by park and ride in suburbs.

8.3 CHAPTER SUMMARY

Bartholomew (2007) had discussed a type of land use-transportation scenario planning
based on labelling names and the variables employed. The labelling names based
scenario attached either positive values or negative values associated with the names
scenario, such as “Business as Usual” (adapted from Allen et al., as cited in
Bartholomew, 2007, p. 402 — a negative scenario; Wise Growth Scenario — a positive

value; Urban Sprawl Scenario — a negative value; Village/Town Centers Scenario — a
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less value labelled scenario). Based on the variables employed, the spatial pattern and
urban from being the dominant motivational of formed scenario. This included
location and density of growth, land use diversity, design, and including the job-
housing balance. According to the categorization made in the meta-analysis from
Bartholomew (2007), the policy scenario developed in this thesis applied the
comparison between the ‘Business as Usual’ and the ‘Job-based TOD scenario’, which
relied on the variable of job-housing balance. The results showed that the job-based
TOD scenario had increased train ridership as much as 1.19 times higher (in the
construction sector), and 1.215 and 1.04 times higher for the manufacturing and retail

sector respectively than the ‘Business as Usual’ or no policy scenario.

This thesis has demonstrated that the construction sector possesses higher effective job
density confined in smaller areas, and, thus produce larger agglomeration effects on
train ridership attraction than the other two sectors. The manufacturing sector
possesses a higher effective employed resident density but is confined across a larger
area, and still produces larger agglomeration effects on train trip attraction than the
other two sectors. The retail sector possesses the lowest effective job and employed
resident density confined in the smallest area compare to the other two sectors, thus
produces the lowest agglomeration effects on train trip attraction.

The geographical extent of agglomeration may be useful in assessing whether the
policy of adding jobs will increase the effectiveness of TOD policy. Strategic decisions
would involve choosing the suburbs that gave the largest multiplicative effects, which
is a function of both the number of jobs added and the location of suburb relative to
the distribution of stations and the current or initial level of activities (mixed land use

and guantity).

The job-housing balance hypothesis has been investigated using the concept of a trade-
off of wages and housing costs/travel costs. This thesis found that job-rich suburbs
gave the highest premium in land rents, wages, and effective density than other suburb
categories. The premiums for wages and effective density were similar and higher than
the land rent premium. The levels of train trips produced and attracted to these suburbs
are also higher than other suburbs. A travel time saving calculation has shown that
those who work in job-rich suburbs have the highest value of travel time saving. They
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receive higher wages and are willing to pay more to save on travel time. The high
accessibility of these suburbs, complemented by a high value of travel time saving,
may suggest that workplaces situated in job-rich suburbs near stations should have
larger catchment sizes. Thus, these workplaces would make most use of the
multiplicative benefits of both effective employed resident density and job density in

increasing train trip attraction.

The analysis of job-housing balance from the trade-off perspective and its implication
on train ridership suggests that a policy of mixed land use, when applied to suburbs
with low accessibility to the railway services, may produce best results in reducing the
total number of trips, but it will not increase train ridership. When the accessibility of
suburbs is high, these areas are attractive for job development. Job-rich suburbs have
the potential to increase both the train trip production and attraction. Employed
resident-rich suburbs near train station may still attract train ridership if jobs are
provided within the station precinct as working people work in these areas would have
low votts. Employed resident-rich suburbs far from stations may still capture higher

effective employed resident density to generate train trip production.

The influence of effective density on train ridership may be more relevant in the train
trip attraction model than that of train trip production model.
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CHAPTER 9. CONCLUSIONS AND RECOMMENDATIONS

9.1 INTRODUCTION

The previous chapter presented a policy analysis that incorporated the model
interpretations and the evaluation of the various models based on hypothesis 3 and
hypothesis 4. This chapter summarises the major findings of this thesis, discusses the
limitations of the theories and discusses the methods and applications of modelling
train ridership prediction. This chapter also addresses future directions that may arise
from the outcomes of this thesis. The research hypotheses set out for this thesis are
reiterated to show whether these have been supported or not.

9.2 A MODIFICATION OR EXTENSION OF DENSITY INTO AN
EFFECTIVE DENSITY CONCEPT FOR TRAIN RIDERSHIP
PREDICTION

Background studies show that the massive transport investment allocated to the
development of public transport infrastructure in large cities in the world has not yet
reduced the level of car use to a very low level (Mohan, 2008). There are efforts in
promoting public transit use, which have been undertaken with an understanding of a
strong interaction between land use and transport, producing policy measures that
prioritise public transport (Badoe & Miller, 2000). However, the current discourse on

land use-transport studies from the T-LU side has lacked an understanding of the
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impact of public transport investment on the interlinked nature of spatial economic
activity, land use, and travel behaviour. The wider economic benefits (WEBS) impacts
assessment of public transport investment has emphasised the assessment of the
agglomeration effect of public transport externalities on urban productivity in terms of
public transport induced agglomeration (Graham, 2007). Limited studies on WEBs
have attempted to examine the travel behavioural responses of public transport
investment. The literature suggests that understanding land use-transport interaction
involving the spatial economic-transportation system interaction would lead to a better
understanding of travel behaviour effects (such as travel demand) on the transportation
system (Russo & Musolino, 2012). .

This thesis has highlighted a modified or extended parameter based on density (based
on the land use-transport interaction framework or the LUTI), namely the effective
density (based on the spatial economic-transport interaction framework or the SETI),
as one approach to understanding the impact of public transport induced agglomeration
on train ridership. A simultaneous measurement of scale and proximity that has
explicitly involved the accessibility improvement resulting from transport investment
is one way in which the effective density parameter may better represent the market
potential than the unmodified density parameter, since it may be able to measure the
travel demand effects of the transportation system (such as railway line extension) in

any model predictions.

In response to the problems and gaps stated in the literature mentioned above, this
thesis aims to establish a model to understand the relationships between agglomeration
and train ridership, by incorporating the influence of spatial economic-transportation
interaction into ridership prediction. The effective density measurement, in terms of
both employed residents and jobs (the SETI-based model), has been proposed to
modify or extend the density measurement (the LUTI-based model). The train
ridership prediction under the LUTI and the SETI frameworks have been compared.

The investigation was conducted for the Perth metropolitan region where the
investment in the Perth-Mandurah railway line extension has taken place since 2004
and culminating in the opening in 2007. With eight years having past since railway
opening, it is expected that land use development, densification and intensification of
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development have taken place subsequently in the study area. The impact of this
transport project on the level of train ridership has been examined.

Four research objectives were derived. The first objective was to investigate the link
between transportation investment and agglomeration by providing evidence that
support the existence of public transport induced agglomeration. The second was to
understand the influence of public transport induced agglomeration on train ridership
in terms of both effective job density and effective employed resident density. The
third was to investigate the geographical extent of agglomeration relative to the
distribution of stations that were assumed to be the focal point orsource of
agglomeration. The fourth was to investigate the implications of agglomeration for
job-housing balance from the perspective of a trade-of between wages/land rents and

travel costs and investigate the further implications for train ridership.

9.3 SUMMARY OF RESEARCH FINDINGS
This section highlights the major findings of modelling train ridership prediction.
These findings focus on restating the important role that effective density plays in train

ridership prediction.
In summary, the main research findings from this thesis are as follows:

- This thesis has modelled train ridership based on models with and without
agglomeration in order to understand the influence of effective density on train
ridership. The model was conducted for both train trip production and train trip
attraction. Comparing the sets of different models showed that the influence of
effective density on train ridership is statistically significant. Thus, the model
including agglomeration gave a more comprehensive prediction than the model
without agglomeration. Both effective employed resident density and job
density are statistically significant for the train trip attraction model, but only
effective job density is statistically significant for train trip production.

- Comparison of independent variables determining train ridership indicated that
the accessibility/transportation variable has a greater influence than land use
and socio demographic/economic variables. Land use variables in turn have a

greater influence than the socio demographic/economic variables. Job density
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was also observed to influence train ridership more than employed resident
density.

This thesis proposes a shorter threshold distance or the geographical extent of
agglomeration in the train trip attraction model than in the train trip production
model. This may suggest that station access is more important for train trip
attraction than for train trip production. Thus, it is also proposed that, in order
to enhance train ridership, jobs be added to suburbs located near the station

precincts or within the TOD precincts, rather than in the more distant suburbs.

The interaction of effective density and distance between suburbs and train
stations has been shown to be statistically significant. This interaction term in
the regression model also represents the distance decay of effective density
around train station. Thus, increasing effective density without considering the
distribution of residences or workplaces from train stations would not achieve
optimum agglomeration benefits for train ridership. For example, increasing
jobs in locations near the station would improve ridership attraction, but

increasing jobs in locations further from the station would not be effective.

In terms of business sector comparisons, the magnitude of effective density for
the retail sector decays more rapidly with travel time between suburbs, than
that for the construction and manufacturing sectors. This means that at
increasingly greater travel time (longer commuting time), the spatial interaction
between employed residents and their jobs retail sectors would tend to decrease

more rapidly than that for workers in manufacturing and construction.

Using the concept of trade-off between travel costs and housing costs as the
underlying mechanism, this research has suggested that the accessibility
improvement in terms of travel time savings is much greater for suburbs where
jobs are concentrated (job-rich suburbs). This has been demonstrated by the
higher premiums on land rents, wages, and effective density of job-rich suburbs
compared to other suburbs. This greater travel time saving may explain why
high premiums for effective job and employed resident densities in job rich

suburbs area relate to higher train ridership.
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- Wage equation modelling suggests that job-housing balanced suburbs have the
lowest effect in both attracting and generating train ridership. The wage
equation calculates the value of travel time saving. Due to higher values of
travel time saving, those who work in job-rich suburbs are willing to pay more
to save one minute of travel time. This also means that their ability to pay
higher transport costs may encourage them to live farther from the centre than
those who work in the reference category (job-housing balance). This also
makes it possible to spend longer commuting by train. Conversely, those who
work in employed resident-rich suburbs have the lowest values of travel time
saving; hence they have less willingness to pay more on travel costs than those

who work in the reference category. This may deter longer commuting by train.

9.4 FACTORS DETERMINING TRAIN RIDERSHIP PREDICTION

This thesis has shown that train ridership is not only influenced by factors relating to
land use, accessibility and socio-economic/demographic variables, as found in many
previous studies, but also spatial economic factors, as measured by effective density,

which have been omitted in recent modelling of train ridership prediction.

The effective density variable does not eliminate the influence of density, but has been
shown to strengthen the influence of the density variable on train ridership. Model
validation by back-testing has shown that predictions under the LUTI framework tend
to underestimate the actual proportion of train ridership, while the SETI framework
tends to overestimate the actual proportion of train ridership. However, the level of
error of the model under the SETI framework is lower than that of the LUTI
framework. Thus, the tendency of underestimating the magnitude of train ridership
may be due to omitting the spatial economic factors of the effective density variable

in modelling train ridership prediction.

In addition, job density is statistically significant in all models of train trip attraction.
Comparing the relative effects of job density and effective employed resident density
on train trip attraction, based on the LUTI model and the SET1 h1b (effective employed
resident density) model with the interaction term, job density was shown to have a
greater influence than effective employed resident density. However, the influence of
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job density only dissipated beyond a considerable distance from stations (from 24 km
to 142 km) which is beyond the constraints of the model, assumed to be 16 km
maximum distance, and may not be an empirically real result. Thus, there is a
limitation when train trip attraction is modelled under the LUTI framework to assess
the influence of job density. The influence of job density will always appear to be
strongly positive wherever the location of employment is relative to the stations, which
is not evidenced in reality. The SETI model produced more realistic results by applying
plausible threshold distances, where at this threshold distance the effective density will
no longer influence the magnitude of train ridership attraction. Policy that relies on the
SETI model will have spatial considerations for meeting certain constraints (such as
distribution of residential areas and job centres relative to the location of stations) and
may be able to optimize the benefits of policy scenarios based on the advantages of

effective density on train ridership.

Other factors mentioned in the literature to be strong influences on train ridership have
also been found to be important in this study. Transportation factors such as the street
network travel distance variable and the average distance of suburbs from train stations
have been very significant, where in some models, their influence outweighs other
factors. Car ownership and income of managers/professional employed residents was
found to negatively influence train trip production, which is also in line with the
findings of other studies. However, the proportion of blue collar employed residents
was also shown to inversely influence the proportion of train trip production. The
analysis in chapter 6 indicated that the spatial distribution of blue collar employed
residents in locations underserved by railway line services may be the cause of this
negative relationship. Wages of managers/professionals positively influence train trip
attraction, suggesting that places of work that offer higher wages tend to attract higher
levels of train ridership. It appears that all the partial or indirect urban productivity
variables (wage, commercial (non-residential) land rent, effective density)
significantly influence train ridership, especially train trip attraction in the same
direction of influence, where high productivity location would attract higher train
ridership. This also has been shown by the consistency in the pattern of wage, land
rent and effective density premiums, which tend to be much higher in place-of-work
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or job-rich suburbs than other suburb categories (employed resident-rich suburbs or
job-housing balance suburbs).

9.5 SUPPORT FOR RESEARCH HYPOTHESISES

Four research hypotheses have been developed to fulfil the aims of this thesis and
address the problem statements. These hypotheses have been addressed in chapters 5,
6, and 7, and the policy implications have been discussed in chapter 8, from which the

following conclusions are drawn:

In relation to the first hypothesis, there is evidence in support of the presence of public
transport agglomeration, measured as the magnitude of effective density. The changes
in effective density before-and-after the railway line extension in the study area are
strongly correlated with the changes in travel times and the changes in the level of train
ridership. These changes are also higher in suburbs located directly adjacent to the
Perth-Mandurah line than those adjacent to other lines. Furthermore, clusters of high
values of effective density, as shown by the Getis-Ord G;* values, have emerged in
suburbs near stations. On average, the percentage of effective density aggregated over
suburbs from fishnet based data is higher in buffer rings near stations. These
percentages reduce gradually with distance of suburbs from stations, thus showing a

distance decay pattern of agglomeration (chapter 5).

In relation to the second research hypothesis, the effective density may be viewed as
complementary to or an extension of the density parameter in measuring travel demand
in terms of the opportunity of market potential. This has been tested and confirmed for
train ridership prediction by comparing models with and without the agglomeration
component. This thesis has demonstrated that both effective density and density
parameters can be used to predict train ridership but the inclusion of an effective

density variable increases the model accuracy (chapter 6).

In relation to the third research hypothesis, the distance of suburbs from stations has
been shown to negatively influence the relationship between effective density and train
ridership. The greater the distance, the less effective density tends to influence train
ridership. This has been shown for the train ridership attraction model. However, in
the train production model, this result was the opposite, suggesting a possible influence
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on travel times due to park and ride data in the model. The greater the distance, the

more effective density tends to influence train production.

In order to determine whether or not there was a bias toward travel time by park and
ride, an additional model was carried out to explore the influence of effective density
when car accessibility only was used in the calculation of effective density, rather than
the travel time by park and ride. The additional model had been shown in appendix 60
and an example was carried out for the model for all sectors SETI h1, SETI h2, and
SETI h1B and h2B. The model with the interaction term was not significant (SETI
h1B and SETI h2B). The model of effective employed resident density (SETI h1) was
not significant. However, effective job density (calculated with car access or travel
time by car) had a significant influence on train trip production. However, this variable
has a negative or inverse relationship with train ridership with a standardized beta
value of -0.17. Exponentiation of this number resulted in the value of 0.844. This
means there was a reduction of 16% of the proportion of train ridership for every one-
unit increase in effective job density based on car travel time. This additional model
shows that there would be different conclusion when different travel times were used
in the calculation of effective density. The results from the calculation of effective
density by park and ride suggested that there is a positive influence of agglomeration
on train use. On the other hand, the influence of agglomeration calculated based on
travel time by car was negative on train ridership, thus, the use of car travel time based

agglomeration would be best used in the prediction of car use as a dependent variable.

Focusing on the comparison of the influence of geographical extent of agglomeration
between sectors, this thesis found that the manufacturing sector has a larger effective
employed resident density, which is distributed over a larger geographical area (when
measured from train stations), compared to the retail and the construction sectors. The
retail sector, in contrast, contributes lower multiplicative effects on ridership, which
are confined to the smallest geographical areas around stations. The comparison
among the three sectors suggested that the construction sector has the greatest
influence of effective job density on train trip attraction. Its multiplicative effects are
similar to those of the manufacturing sector, but cover a much smaller geographical

area than those the manufacturing sector (chapter 7).
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In relation to the fourth research hypothesis, the level of train trip attraction is highest
in job-rich suburbs, followed by employed resident-rich suburbs and the least in job-
housing balanced suburbs. Thus, employed resident-rich suburbs may still generate
train trip attraction as long as the location of these suburbs is very close to train
stations, even though the number of jobs is low compared to the number of employed
residents. However, the optimum benefits of agglomeration on train ridership may be
achieved by retaining a policy of increasing the number of jobs in areas within station
precincts. Thus, policy designed to convert residential activities or create more job
activities in employed resident-rich suburbs located near stations may be effective for

encouraging train usage.

On the other hand, train trip production is highest in the employed resident-rich
suburbs, followed by job-rich suburbs and the lowest in job-housing balanced suburbs.
Thus, job-rich suburbs may still generate a relatively higher number of train trips
compared to job-housing balanced suburbs. Job-housing balanced suburbs are
distributed widely over the study area, sometimes farther from stations and with less
access to railway services. Suburbs with less development in both employed resident
facilities and in jobs technically may also be among the job-housing balanced suburbs.
Low access to stations in a geographical space and low levels of development for both
jobs and residential activities may be reasons why these suburbs generate and attract

the lowest train production and attraction compared to the other suburb categories.

9.6 LIMITATIONS OF THE THESIS AND RECOMMENDATIONS FOR
FUTURE RESEARCH

Some caution in modelling train ridership under the influence of effective density
should be noted, as arising from this study.

This thesis is limited in several aspects. For example, data availability for the place-
of-work datasets were comprised of different geographical boundary units to the unit
of analysis used in this research. This raised issues regarding conversion and
aggregation problems that may have reduced the data accuracy. Careful consideration
of the GIS methods and procedures were needed to ensure the accuracy of the

conversion results.
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The best available travel time dataset representing the dependent variable was limited
to the measurement of travel time via park and ride services. The train trip production
model seems to reflect the dominant influence of travel time park and ride instead of
general train users’ behaviour to some extent, where the influence of effective density
on train ridership is larger with increased distance of the residential suburbs from
stations. Future research may involve a detailed analysis of train ridership based on
each particular mode of travel separately, such as train only, train plus car as
drivers/passengers or park and ride, train plus buses or bus and ride, or travel time by
car to predict the level of car use, and so on. Consideration of travel times that match
the specific modes in question will increase the rigour of the model results.

The method of train ridership prediction which used limited dependent variables and
log transformation of the dependent variable required non-zero values of the dependent
variable. However, the dataset for the study area contains some suburbs with zero
values. Deleting or eliminating these suburbs compromised the number of
observations and not enough data as a result may incure a more serious problem.
Problems of outliers also emerged in some variables such as for accessibility
measurement and for the number of jobs, where the Perth CBD and nearby suburbs
tend to have high values compared to other suburbs. Nevertheless, the utilization of
limited dependent variables largely reduces the problem of outliers, and non-equal
variances or homogeneity of data, if otherwise the dependent variable had not been

transformed, although it does not completely eliminate this problem.

The fact that the study involves an aggregate approach may also represent a limitation
of this thesis. The assumption is that there is a homogeneous distribution of variables
within a suburb, for example, for distance to station and employment size. However,
the accessibility to a station is not homogeneous within a suburb in reality, nor are the
numbers of jobs. The approach of using fishnet-based dataset was designed reduce this
problem. However, a more rigorous technique would be required to reveal any

variability that represents a more accurate level of detail within a suburb area.

While the aggregate approach, by using administrative boundaries such as suburb
boundaries, is common in train ridership prediction, the inclusion of an effective

density variable may require that model prediction is better approached using a
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disaggregate method. A disaggregate approach would require a large amount of
microdata for employment, travel and other variables accordingly, such as might be
provided by a parcel-level property value dataset. Similarly, the identification of
agglomeration based on many more divisions of employment may result in a more
detailed analysis than the few sectors adopted in this thesis. In this regard, the emphasis
on the design factor of land use components, such as stated in the TOD physical design
requirements or guidelines (Renne, 2007), would be an important aspect to consider in

addition to the density and mixed used (diversity) factors.

This thesis has assumed that the non-normal distribution of data was largely influence
by outliers and that the decision to transform the non-normal distribution of data into
normal distribution may introduce some weaknesses. A rule that +2 standard
deviations automatically be considered as outliers, as stated in Stopher (2012) may be
viewed as being less conservative or less rigorous. Leys, Ley, Klein, Bernard, and
Licata (2013) proposed the absolute deviation around the median as a better method
to deal with the problem of outliers. Future research may consider this method for

detecting outliers in a more rigorous way.

While normality in explanatory variables is an important property of data distribution,
it is not the dominant consideration in determining variable functional form.
Hypotheses concerning the relationship between the dependent and independent
variable should also enter into the model specification. For example, it was difficult to
make behavioural sense that the dependent variable should be regressed against a
logarithmic or square-root transformation of an explanatory variable. The model has
been re-tested by using the non-transformed data. The results, as shown in appendix
59, lead to a conclusion that the transformed data are preferable than the non-
transformed data. The regression models with the non-transformed data for the train
trip production model lead to high multicollinearity among the independent variables
and a larger area of the geographical extent of agglomeration, which are non-intuitive
with regards to TOD policy. The regression models with the non-transformed data for
the train trip attraction model produced much lower adjusted R-square values, which

indicated a lesser power of explanation in the model compared to the models with
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transformed data. Similarly, the train trip attraction model also produced larger areas

for the geographical extent of agglomeration.

9.7 CONCLUSION

The impact of transportation investment on train ridership, measured as agglomeration
(effective density), suggests a strong link between the spatial economic system,
transportation system, and land use. This thesis has demonstrated that the SETI
framework can be used in a prediction of train ridership, accommodating this spatial
economic dimension and thereby increasing model accuracy. The effects of
agglomeration prevail predominantly in areas that gain an accessibility premium
where jobs are concentrated and wages/land rent premiums emerge. Suburbs near
stations gain more advantages and the effects of agglomeration externalities on
increasing train ridership are likely to prevail when job development is prioritized over
residential activities. This may also mean that the model of train trip prediction under
the SETI framework can be of best use in predicting train trip attraction (to the place

of work).

Effective density is a spatial economic extension of the density variable. This indicator
of agglomeration cannot fully replace the density variable, and this study does not
address alternative models in which effective density replaces density. The advantage
of adding effective density is that it includes analysis of urban productivity and other
spatial economic dimensions as determinants of train ridership, thus reducing the
tendency of underestimate the impact of railway line extension on the increase in train
ridership. This is similar to the use of WEBS as an alternative to the CBA in assessing
the impact of transportation infrastructure investments, where the WEBs method
includes more comprehensive monetary impacts, resulting in higher GDP effects from

the transportation investments than the CBA method.
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APPENDIX CHAPTER 3

APPENDIX 1 THE OPERATIONAL DEFINITION OF VARIABLES

Factor - Variables Operational definition Sources Further
References
Self-sufficiency or self- The ratio of the number of jobs to the  Calculated from (Giuliano, 1991)
containment number of workers. The balance the ABS Census  (Cervero &
Job housing balance index index is 0.75 — 1.5; job-rich suburbs 2011 Duncan, 2006)
will have ratio >1.5 and residential- (Chan and
rich suburbs will have ratio <0.75. Moreno 2013)
Density Employed resident density was the Calculated from Scheiner, J,
Employed resident density number of resident employees per ABS Census 2010; Eluru, N
and job density land area of suburb. 2011 ,C. Bhat et al
Job density was the number of jobs 2010, Cervero,
per land area of suburb. R. and J. Landis,
1997).
(Rickwood &
Glazebrook,
2009
(Chenetal.,
2008)
Public transport supply Public transport index was a Calculation (Currie &
index by bus network measurement of public transport for ~ based on Currie Delbosc, 2010)
each suburb. The index was a and Delbosc’s (Van de
combined measure of service formula Coevering &
frequency (such as bus trips per Schwanen,
week) and access distance was 2006)
computed for each suburb using GIS
software.
The higher the index, the better the
level of public transport in that
suburb.
Suburb’s centrality by road ~ Suburb centrality index was a GIS calculation (Van de
network travel distance measurement of private transport Coevering &
supply for a suburb. It referred to the Schwanen,
total road network travel distance 2006)

from a suburb to all other suburbs
based on the shortest routes. The
data was computed for each suburb
using GIS software. The higher the
index, the lower the level of
accessibility or centrality by private
car in that suburb.

Proximity or Distance of The distance from the centroid of the  GIS Cervero and

suburb to train station suburb to the nearest train station as establishmenton  Duncan, 2010;
measured by: the fishnet Commins, N
The distance from the fishnet dataset and A. Nolan,
centroid to the nearest train station, GIS calculation 2011
calculated as a mean value across all ~ of Euclidian (Ellis & Parolin,
fishnets in each suburb. distance 2010)
Calculation was obtained by GIS.
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suburbs to the total trips

combinations as the mode of travel,
for each suburb, divided by total
trips

Travel time by park and The average daily travel in minutes STEM model Guiterrez (2011)
ride services measured between each suburb (Dept of Graham and
across Perth metropolitan region Planning of Melo (2010)
(matrices data set). The amount of Western
time between suburbs was calculated  Australia)
based on park and ride services. The  And
data has been estimated in the STEM  GIS calculation
model produced by Department of
Planning.
The number of working The number of daily trips for ABS Census Taylor et al
trips by train journeys to work involving all train 2011° 2009
combinations as the mode of travel,
for each suburb.
The ratio of the number of ~ The number of daily trips for ABS Census Taylor et al
train trips in residential journeys to work involving all train 2011° 2009
suburbs to the number of combinations as the mode of travel
employed residents for each suburb, divided by total
employed residents.
The ratio of the number of ~ The number of daily trips for ABS Census Taylor et al
train trips to workplace journeys to work involving all train 2011 2009

Agglomeration factor

The effective job density as a
function of:

Total jobs in each suburb i and all
other suburbs j,

The travel time by park and ride
services between suburb i and
suburbs j.

Calculation was
made based on
Graham'’s
formula.
Travel time
matrix between
suburb from
STEM model
(DoP)

AGIS
calculation was
made for the
conversion to
travel times.
The number of
employed
residents and
jobs were
obtained from
the ABS Census
Area of suburb
(ABS Census)

(Graham, 2007)
(Graham,
Gibbons, &
Martin, 2009)
(Graham &
Melo, 2010).
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The effective employed resident
density as a function of:

Calculation was
made based on

(Graham, 2007)
(Graham et al.,

characteristics of a 3 bedrooms-2
bathrooms property type. This was to
avoid bias from housing
characteristics.

Total resident employees in each Graham’s 2009)
suburb i and all other suburbs j, formula. (Graham &
The travel time by park and ride Travel time Melo, 2010).
services between suburb i and matrix between
suburbs j. suburb from
STEM model
(DoP)
AGIS
calculation was
made for the
conversion to
travel times.
The number of
workers and jobs
were obtained
from ABS
Census
Area of suburb
(ABS Census)
Land value for residential The mean price calculated across all ©Western Tillema T et al,
land uses and non- dwellings that were sold in each Australian Land 2010, Ryan
residential land uses suburb across Perth metropolitan Information 1999
region in 2011 transactions. The land  Authority Rodriguea, D. A
value was calculated based on the (Landgate, and C.H.
property price divided by the area of ~ 2014). Mojica, 2009;
land of the property. The calculation DuHandC.
was standardized based on housing Mulley, 2007,

Munoz-Raskin,
R. 201
(So et al 2009).

Personal wage of non- Total weekly income based on Calculated from (So, 2001)
resident employees for blue  weekly personal income in place of ABS Census
collar and work (SA2 level). The total income
managers/professional was summed over all non-resident
employment employees at the place of work
divided by the total non-resident
employees and by total weekly hours
(40 hours).
A conversion of data for income
from SA2 level into suburbs was
conducted (Chapter 4).
Personal income of resident  Total weekly income summed over Calculated from (Wardman,
employees based on blue all employed residents (person) at ABS Census 2006)
collar and the place of residence divided by the
managers/professionals total employed residents and by total
occupations weekly hours (40 hours).
The level of car ownership The average number of cars owned ABS Census Dargay, J.,
per household in each household, i.e. total cars 2007; Cervero
divided by total dwellings. and Duncan,
2010
(Wardman,
2006)
Taylor 2009
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The proportion of The proportion of employees that Calculated from (Van de
manager/professional were working as managers or ABS Census Coevering &
employed residents professional occupation in the place Schwanen,
of residence 2006)
Hall (p. 424)
The proportion of blue The proportion of employees that Calculated from (Van de
collar employed residents were working in blue collar ABS Census Coevering &
occupation types in the place of Schwanen,
residence 2006)
Blue collar occupations refer to Hall (p. 424)
technicians, trade workers,
machinery operators and drivers, and
labours.
The proportion of The proportion of employment in Calculated from (Van de
manager/professional jobs managerial or professional ABS Census Coevering &
occupations at the place of work Schwanen,
2006)
Hall (1969)
The proportion of blue The proportion of employment in Calculated from (Van de
collar jobs blue collar occupations in the place ABS Census Coevering &
of work Schwanen,
2006)
Hall (1969)
The proportion of Employed residents by industry Calculated from Hall (1969)

employed residents in the
construction,
manufacturing, retail and
total 19 sectors.

sector was calculated based on the
number of employed residents in that
sector divided by total employed
residents

ABS Census

(Timothy and
Wheaton 2001).
(J Gutierrez et al
2011).

The proportion of jobs in
the construction,
manufacturing, retail and
total 19 sectors.

Jobs by industry sector was
calculated based on the number of
jobs in that sector divided by the
total jobs.

Calculated from
ABS Census

Hall (1969)
(Timothy and
Wheaton 2001).
(J Gutierrez et al
2011).

Catchment radius of
stations (overall)

The maximum distance of the
farthest suburbs that captured 95% of
total train ridership.

GIS (centroid to
centroid
distance)

(Zempr
Stauffacher,
Jang, & Scholz,
2011)

Cervero (1992)

APPENDIX 2 DETERMINATION OF THE DEPENDENT VARIABLE
(MODEL SPECIFICATION)

1. Absolutenumber train trip production

Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 8632 745 730 97.04722
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a. Predictors: (Constant), ejdtt_In, p_woret, p_worker_man, car_own, worker,
inc_pr_r, p_wocon, wod_In, In_strio, inc_blu_r, In_lvr, sqrt_ptiori, In_jwr, ejdtt1000,
pmanpr_r, pblu_r, wod, In_avedist

b. Dependent Variable: train_r
Scatterplot

Dependent Variable: train_r

Regression Standardized Residual
o
=
1

Regression Standardized Predicted Value

2. Proportion of train trip production

Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 6852 470 438 .02646

a. Predictors: (Constant), ejdtt_In, p_woret, p_worker_man, car_own, worker,
inc_pr_r, p_wocon, wod_In, In_strio, inc_blu_r, In_lvr, sqrt_ptiori, In_jwr, ejdtt1000,
pmanpr_r, pblu_r, wod, In_avedist

b. Dependent Variable: train_wo
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Scatterplot

Dependent Variable: train_wo

[ =]

Regression Standardized Residual
&

Regression Standardized Predicted Value

3. Lnof proportion of train trip production

Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .663° 440 406 .66960

a. Predictors: (Constant), ejdtt_In, p_woret, p_worker_man, car_own, worker,
inc_pr_r, p_wocon, wod_In, In_strio, inc_blu_r, In_lvr, sqrt_ptiori, In_jwr, ejdtt1000,

pmanpr_r, pblu_r, wod, In_avedist

b. Dependent Variable: In_train_wo

Scatterplot

Dependent Variable: In_train_wo

%o

Regression Standardized Residual
' [=]
B
1

T T T T T T
Regression Standardized Predicted Value
4.  Absolutenumber of train trip attraction

Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .935? .875 .868 536.59266
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a. Predictors: (Constant), edertt_In, p_jobman, All_job, p_jobret, p_jobcon, In_strio,
inc_mp, p_manpr, In_jwr, sr_Ivnr, inc_bl, sqrt_ptiori, Injobd_In, edertt1000, p_blu,

In_avedist, In_jobd

b. Dependent Variable: trainw2

Scatterplot
Dependent Variable: trainw2

Regression Standardized Residual
=
1
o
o

T T T
o0 5 10

Regression Standardized Predicted Value

5. Proportion of train trip attraction

Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .8442 712 .695 .01923

a. Predictors: (Constant), edertt_In, p_jobman, All_job, p_jobret, p_jobcon, In_strio,
inc_mp, p_manpr, In_jwr, sr_Ivnr, inc_bl, sqrt_ptiori, Injobd_In, edertt1000, p_blu,

In_avedist, In_jobd

b. Dependent Variable: Proportion of train ridership at place of work

Scatterplot

Dependent Variable: Proportion of train ridership at place of work

100

Regression Standardized Residual

T T T T
o 3 3 8

Regression Standardized Predicted Value

6. Lnof proportion of train trip attraction
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Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .745* .555 529 .96218

a. Predictors: (Constant), edertt_In, p_jobman, All_job, p_jobret, p_jobcon, In_strio,
inc_mp, p_manpr, In_jwr, sr_Ivnr, inc_bl, sqrt_ptiori, Injobd_In, edertt1000, p_blu,
In_avedist, In_jobd

b. Dependent Variable: Ln of proportion of train ridership

Scatterplot

Dependent Variable: Ln of proportion of train ridership

Regression Standardized Residual

o

2 4

Regression Standardized Predicted Value
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APPENDIX CHAPTER 4
APPENDIX 3 CENTRAL TENDENCY VALUES WITH NORMAL DISTRIBUTION

Statistics
train_wo | p_manpr | p_blu | inc_mp | inc_bl pmanpr_r | pblu_r | p_wocon | car_own wod wodc wodm wodr ederttl | ederttc | ederttm | ederttr
000 100 100 100
Valid 316 316 316 316 316 316 316 316 316 316 316 316 316 316 316 316 316
Missing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mean 0.062 0.325 | 0.290 32.407 | 21.275 0.340 0.329 0.102 1.879 609.612 | 58.183 | 47.895 | 62.224 11.857 6.023 9.319 5.037
ﬁﬂtgéf"or of 0.002 0.005 | 0006 | 0244 [ 0214 0.007 | 0.006 0.002 0.023 26008 | 2531 | 2030 | 2601 | 0156 | 0109 [ 0111 | o0.105
Median 0.060 0.311 | 0.265 32.116 | 21.007 0.321 0.333 0.103 1.884 635.981 | 57.159 | 48.193 | 67.808 | 12.217 6.056 9.403 5.209
Mode 0.000 0.269 .3222 29.697 | 22.504 0.250 0.500 0.000 0.000 179 0.000 0.000 0.000 5.287¢ 1.9872 4.359° 1.3492
SDtg\./iation 0.035 0.087 | 0.111 4.342 3.812 0.125 0.115 0.035 0.415 462.327 | 44.983 | 36.079 | 46.239 2.771 1.936 1.981 1.873
Variance 0.001 0.008 | 0.012 18.851 14.529 0.016 0.013 0.001 0.172 213746.5 | 2023.5 1301.7 2138.1 7.680 3.750 3.924 3.510
Skewness 0.555 0.856 | 0.767 0.558 0.946 0.413 0.068 0.020 -0.929 0.497 0.477 0.363 0.389 -0.068 0.180 -0.174 0.141
gltiv\llzrggg of 0.137 0.137 | 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137
Kurtosis 0.972 0.430 | 0.111 2.315 3.664 -0.263 0.034 0.919 4174 0.435 -0.460 -0.768 0.185 -0.724 -0.636 -0.486 -0.619
SKtSIthsrirsor of 0.273 0.273 | 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273 0.273
Maximum 0.240 0.615 | 0.646 51.129 | 41.385 0.670 0.750 0.210 2.830 2794.8 194.3 144.3 275.9 17.9 12.0 14.4 10.1
a. Multiple modes exist. The smallest value is shown
APPENDIX 4 CENTRAL TENDENCY VALUES WITH NON-NORMAL DISTRIBUTION
Statistics
ptrainw | train_r p_job | p_jobm | p_jobr ave_ jobd
train_w 2 All_job con an et ptiori strio dist jobd jobdc m jobdr jwr jwrc jwrm jwrr
N valid 316 316 316 316 | 316 316 | 316 316 316 | 316 316 316 | 316 316 316 316 316 316
g’”ss"‘ 0 0 0 0 0 0 0 0 o| o 0 0 0 0 0 0 0 0
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Mean 146,65 | 00226 | 171.70 2010"71 0098 | 0066 | 0117 8933905é 1188329 | 587 | 46400 | 3105 | 2882 | 4879 | 1984 | 1869 | 4185 | 1032
g;dmi;]or 8307 | 00020 | 1051 | 30400 | 0003 | 0005 | 0.005 76114'% 168.89 | 0.28 5862 | 340 | 415 | 462 9.63 804 | 1933 5.11
Median 786 | 00141 | 10850 | 72248 | 0083 | 0035 | 0009 | 90| 1008146 | 427 | 10147 | 1502 | 498| 1932 0.38 030 | 017 0.39
Mode 000 | 00010 | 100 | 2507¢| 0078 | 0158 | .00° 0.00 83373 | 231 143 | 205¢ | 6316 00° 016° | .0128° 00° | 000
SDtg\}iation 147666 | 00348 | 186.78 5405'2 0061 | 0081 | 0082 135303‘1‘ 300219 | 496 | 104200 | 6048 | 7372 | 8219 | 17121 | 14291 | 34363 | 90.86
Variance 1830703

218075é 0.0012 348882' 29281392 0004 | 0007 | 0007 | 465653. | 90131205 | 24.6 10859602' 3657.8 54345; 67548 | 203115 | 20423.6 11808? 8256.3

. . : .
Skewness 16.94 5.24 225 | 1087 | 2307 | 2593 | 1.133 4.84 127 | 2.39 6.03 578 | 479 3.32 11.05 8.81 9.00 | 1158
Std. Error
of 014 | 014 | 014| 014 | 0137 | 0137 | 0137 0.14 0.14 | 0.14 014 | 014| 014| 014 0.14 014 | o014| 014
Skewness
Kurtosis 20506 | 37.36 | 7.45 | 152.20 12'63 7946 | 1188 | 4210 124 | 676 4325 | 4560 | 2687 | 1270 | 13328 | 8055 | 81.96 | 139.64
gidkfrrt?sris 027 | 027| o027| o027| o27| o027| o027 0.27 027 | 027 027 | 027 | o027| o027 0.27 027 | 027 0.27
Maximum 25871'3 0.35 1362'8 8178954 058 | 052| o041 15356823 22666.50 29'2 934228 | 66447 571'3 531.26 | 2373.66 | 1564.62 3545'3 1198.00
a. Multiple modes exist. The smallest value is shown
Statistics
p_worker_ma
n p_woret inc_pr r inc_blu_r Ivr Ivnr jdtt1000 ejdttc100 ejdttm100 jdttr100

N Valid 316 316 316 316 316 316 316 316 316 316

Missing 0 0 0 0 0 0 0 0 0 0
Mean .0889 .1025 36.3895 26.2531 1301.778 1492.806 10.416 4.041 7.815 4721
Std. Error of Mean .00287 .00153 42115 .22509 61.434 67.277 0.265 0.154 0.212 0.187
Median .0822 .1031 37.4937 26.5352 1057.440 1212.963 9.689 3.472 7.039 3.978
Mode 0.00 0.00 0.00 0.00 107.169 107.169 4426 1320 3.647° 1.224
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Std. Deviation

05107 | .02711 7.48653 4.00136 1092.083 1195.943 4.708 2.731 3.777 3.326
Variance .003 .001 56.048 16.011 | 1192644.6 | 1430280.2 22.170 7.459 14.264 11.062
Skewness 7.008 1.661 -2.873 -2.811 1.699 1.266 5.267 5.266 3.989 3.095
Std. Error of Skewness 137 137 137 137 0.137 0.137 0.137 0.137 0.137 0.137
Kurtosis 88.650 | 20.784 12.183 16.484 3.408 1.215 48.432 40.455 21.603 13.030
Std. Error of Kurtosis 273 273 273 273 0.273 0.273 0.273 0.273 0.273 0.273
Maximum 75 33 52.01 35.69 6448.999 5331.517 62.002 31.193 37.546 25.487
a. Multiple modes exist. The smallest value is shown
APPENDIX 5 CENTRAL TENDENCY POST-TRANSFORMATION
Statistics
Ln of
proportion
of train
ridership In_train_wo sqrt_ptiori In_strio In_avedist In_jobd In_jobdc In_jobdm In_jobdr2
N Valid 316 316 316 316 316 316 316 315 316
Missing 0 0 0 0 0 0 0 1 0
Mean -4.5653 -2.7806 746.286 9.355 1.515 4.959 2.456 1.750 2.854
ﬁﬂtgéf"or of 07890 04888 32.682 0.013 0.039 0.098 0.089 0.101 0.089
Median -4.2621 -2.7648 641.836 9.304 1.451 5.255 2.716 1.610 3.011
Mode -6.91 0.00 0.000 9.028° 0.839 0.355 -1.4892 -2.451 0.193
Std. Deviation 1.40253 86899 580.965 0.230 0.687 1.745 1.586 1.794 1.583
Variance 1.967 755 337520.3 0.053 0.472 3.046 2.515 3.219 2.505
Skewness -.490 729 1.050 0.795 0.416 -0.613 -0.743 0.190 -0.129
ELdeWE,fé‘s’sr of 137 137 0.137 0.137 0.137 0.137 0.137 0.137 0.137
Kurtosis -.556 3.979 2.173 -0.106 -0.139 0.299 0.840 -0.017 -0.810
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Std. Error of

Kuttosi 273 273 0.273 0.273 0.273 0.273 0.273 0.274
urtosis
Maximum -1.04 0.00 3919.034 10.029 3.386 9.142 6.499 6.348
d. Multiple modes exist. The smallest value is shown
Statistics
In_jwr In_jwrc In_jwrm2 In_jwrr2 | In_lvr | sr_ lvnr

N Valid 316 316 316 316 | 316 316

Missing 0 0 0 0 0 0
Mean -.675 -.867 -1.305 -775 | 6.772 35.443
Std. Error of
Menn .085 .087 .108 088 | .058 .867
Median -.968 -1.212 -1.724 -911 | 6.964 34.827
Mode -4.128° -4.357° -4.605 -4.605 | 4.674 10.352
SDtd-_ . 1.510 1.548 1.920 1566 | 1.035 15.407

eviation
Variance 2.281 2.395 3.687 2451 | 1.071 | 237.371
Skewness -
2.297 2.453 1.980 1365 | | o1 267
Std. Ervor of 137 137 137 137 | 137 137
Skewness
Kurtosis 9.311 9.649 6.665 5.184 | 1.140 -.201
Sth- Error of 273 273 273 273 | 213 273
urtosis

Maximum 7772 7.355 8.174 7.088 | 8.772 73.017

a. Multiple modes exist. The smallest value is shown
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APPENDIX 6 HISTOGRAM OF VARIABLES WITHOUT
TRANSFORMATION
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APPENDIX CHAPTER 5

APPENDIX 9 GETIS-ORD* STATISTICS OF VARIABLE WITH EDER ALL
SECTOR
sschame ave_dist SOURCE_ID ederttl000 GizScore GiPValue Gi_Bin

Mount Hawthorn 1.8942 10 17.084 3.893 0.000 3
Osborne Park 2.7184 15 14.319 4.040 0.000 3
Padbury 2.8003 16 14.164 2.943 0.003 3
Perth (WA) 24974 23 17.213 4.169 0.000 3
Balcatta 3.8854 39 14.437 3.594 0.000 3
Bateman 2.6427 47 13.762 2.283 0.022 2
Bayswater (WA) 2.1437 48 15.606 2.488 0.013 2
Bentley (WA) 2.3465 59 14.963 3.099 0.002 3
Brentwood (WA) 2.3787 66 13.737 2.106 0.035 2
Bull Creek (WA) 1.7516 69 15.359 2.718 0.007 3
Burswood 2.0104 72 13.183 2.284 0.022 2
Cannington 1.7192 78 13.957 1.687 0.092 1
Carine 2.9579 81 14.857 2.481 0.013 2
Carlisle 1.2898 82 15.073 2.651 0.008 3
Como (WA) 3.8018 95 17.017 3.145 0.002 3
Craigie (WA) 2.1538 102 13.277 2.015 0.044 2
Duncraig 3.0559 112 16.366 3.102 0.002 3
East Victoria Park 1.8402 117 16.428 3.035 0.002 3
Floreat 3.0418 123 14.345 1.784 0.074 1
Glendalough 1.9066 130 15.386 2.988 0.003 3
Greenwood (WA) 2.8697 136 14.875 2.904 0.004 3
Gwelup 3.7223 138 13.477 2.885 0.004 3
Hamersley 3.8619 139 14.255 2.106 0.035 2
Highgate (WA) 1.1953 151 15.284 3.099 0.002 3
Inglewood (WA) 2.1942 162 14.421 3.826 0.000 3
Innaloo 3.6884 163 16.922 3.152 0.002 3
Jolimont 1.4659 169 12.138 1.936 0.053 1
Joondanna 2.6462 171 15.230 3.745 0.000 3
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Karrinyup 46538 178 14.085 3.063 0.002 3
Kingsley 3.2559 185 15597 2.368 0.018 2
Lathlain 1.3894 192 14.143 3.029 0.002 3
Leederville 1.3737 194 14788 4.080 0.000 3
Leeming 2.9843 195 15.961 2.342 0.019 2
Manning 2.8852 204 14.408 1.990 0.047 2
Maylands (WA) 2.0831 210 17.153 3.226 0.001 3
Mount Lawley 1.5865 215 17.877 4.459 0.000 3
Mount Pleasant (WA) 3.0139 217 15.246 1.684 0.092 1
Murdoch 2.435 223 12.990 2.130 0.033 2
North Perth 2.2107 234 17.324 4586 0.000 3
Northbridge (WA) 1.6833 235 14431 2.679 0.007 3
Rivervale 1.8713 247 15.656 2.078 0.038 2
Rossmoyne 2.7395 250 13.786 2.484 0.013 2
Shenton Park 1.4905 259 12.933 2.048 0.041 2
South Perth 3.9637 267 17.877 3.470 0.001 3
St James (WA) 1.5844 270 14.438 1.826 0.068 1
Stirling (WA) 2.5418 271 16.760 2.705 0.007 3
Subiaco 1.4745 274 14.899 3.160 0.002 3
Victoria Park 2.0073 284 17.022 3.49 0.000 3
Warwick (WA) 2.5922 291 14153 2.893 0.004 3
Welshpool (WA) 2.7892 297 11.651 1.975 0.048 2
Wembley 2.3809 298 17.094 3472 0.001 3
West Perth 1.2481 301 16.724 3.854 0.000 3

APPENDIX 10 GETIS-ORD* STATISTICS OF VARIABLE WITH EJD ALL
SECTOR
sscname ave_dist SOURCE_ID  ejdttt1000 GiZScore  GiPVvalue Gi_Bin

Mount Hawthorn 1.8942 10 14.498 3.631 0.000 3
Osborne Park 2.7184 15 29.129 3.161 0.002 3
Perth (WA) 2.4974 23 62.002 9.982 0.000 3
Bentley (WA) 2.3465 59 18.180 2.677 0.007 3
Burswood 2.0104 72 18.284 1.929 0.054 1
Cannington 1.7192 78 16.947 1.864 0.062 1
Carlisle 1.2898 82 12.948 2.458 0.014 2
Daglish 1.2295 105 12.215 2.951 0.003 3
East Perth 1.4896 115 26.428 8.966 0.000 3
East Victoria Park 1.8402 117 13.878 2.888 0.004 3
Glendalough 1.9066 130 13.400 3.39%4 0.001 3
Highgate (WA) 1.1953 151 14.494 7.496 0.000 3
Innaloo 3.6884 163 14.607 2.589 0.010 3
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Jolimont 1.4659 169 14.754 3.142 0.002 3
Joondanna 2.6462 171 11.596 2.670 0.008 3
Lathlain 1.3894 192 12.432 2.105 0.035 2
Leederville 1.3737 194 18.051 4521 0.000 3
Mount Lawley 1.5865 215 15.591 6.657 0.000 3
Northbridge (WA) 1.6833 235 22.893 10.929 0.000 3
Queens Park 1.4585 241 11.495 2.580 0.010 3
(WA)

Shenton Park 1.4905 259 15.144 6.932 0.000 3
St James (WA) 1.5844 270 12.235 2.606 0.009 3
Stirling (WA) 2.5418 271 14.653 3.302 0.001 3
Subiaco 1.4745 274 27.167 8.745 0.000 3
Victoria Park 2.0073 284 15.836 2.403 0.016 2
Welshpool (WA) 2.7892 297 21.750 2.279 0.023 2
Wembley 2.3809 298 16.397 3.631 0.000 3
West Leederville 1.22 300 15.563 5.760 0.000 3
West Perth 1.2481 301 35.062 9.936 0.000 3
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APPENDIX CHAPTER 6 AND CHAPTER 7

PLACE OF RESIDENCE (POR) MODEL
APPENDIX 11 ALL SECTOR LUTI

Model Summary®

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 6472 418 .391 .67807

a. Predictors: (Constant), In_jwr, pblu_r, sqrt_ptiori, p_woret, In_avedist,
p_worker_man, inc_blu_r, car_own, p_wocon, In_Ivr, wod, In_strio, inc_pr_r,

pmanpr_r
b. Dependent Variable: In_train_wo
ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 99.478 14 7.106 | 15.455| .000°
Residual 138.392 301 460
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), In_jwr, pblu_r, sqrt_ptiori, p_woret, In_avedist, p_worker_man, inc_blu_r,

car_own, p_waocon, In_lvr, wod, In_strio, inc_pr_r, pmanpr_r

Coefficients?

Standardized
Unstandardized Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -11.31994 2.82593 -4.00573 | .00008
pmanpr_r 1.10166 .75182 15859 | 1.46532 | .14388 .16500 | 6.06045
pblu_r -1.93486 .85456 -.25684 | -2.26417 | .02427 .15021 | 6.65749
p_worker_man 2.28412 .98184 13424 | 2.32637 | .02066 .58047 | 1.72275
p_wocon 3.24573 1.88023 13072 | 1.72624 | .08533 .33705 | 2.96695
p_woret 2.87018 1.75952 .08954 | 1.63122 | .10389 .64151 | 1.55881
inc_pr_r -.04885 .01067 -.42083 | -4.57670 | .00001 .22861 | 4.37422
inc_blu_r -.00089 .01445 -.00408 | -.06128 | .95118 43650 | 2.29093
car_own -.61236 .14095 -.29214 | -4.34443 | .00002 42746 | 2.33942
sqrt_ptiori -.00015 .00009 -.10355 | -1.68668 | .09270 51286 | 1.94986
In_strio 147332 .29218 .39013 | 5.04253 | .00000 .32291 | 3.09684
In_avedist -.68150 .09041 -.53879 | -7.53820 | .00000 .37835 | 2.64304
In_lvr -.26263 .06120 -.31272 | -4.29145 | .00002 .36399 | 2.74732
wod .00020 .00014 10824 | 1.41936 | .15683 .33234 | 3.00895
In_jwr .08307 .04118 14439 | 2.01712 | .04457 37721 | 2.65102
a. Dependent Variable: In_train_wo
APPENDIX 12 ALL SECTOR - LUTI WITH THE INTERACTION TERM
Model Summary®
Adjusted R Std. Error of
Model R R Square Square the Estimate
1 .6572 432 .404 .67095
a. Predictors: (Constant), wod_In, p_wocon, p_woret, p_worker_man, inc_pr_r,
In_avedist, car_own, sqrt_ptiori, inc_blu_r, In_jwr, In_lvr, In_strio, pmanpr_r,
wod, pblu_r
b. Dependent Variable: In_train_wo
ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 102.818 15 6.855 15.226 | .000°
Residual 135.053 300 450
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), wod_In, p_wocon, p_woret, p_worker_man, inc_pr_r, In_avedist, car_own,
sqrt_ptiori, inc_blu_r, In_jwr, In_lvr, In_strio, pmanpr_r, wod, pblu_r
Coefficients®
Standardized Collinearity
Model Unstandardized Coefficients Coefficients t Sig. Statistics
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B Std. Error Beta Tolerance VIF
1.00000 (Constant) -11.75072 2.80075 -4.19557 | .00004
pmanpr_r 1.37847 .75084 .19844 1.83590 | .06736 .16198 | 6.17355
pblu_r -1.54589 .85756 -.20521 -1.80266 | .07245 .14604 | 6.84738
p_worker_man 1.87599 .98302 .11026 1.90840 | .05729 .56698 | 1.76373
p_wocon 2.75317 1.86927 .11089 1.47286 | .14184 .33389 | 2.99498
p_woret 2.26181 1.75533 .07056 1.28854 | .19855 .63113 | 1.58447
inc_pr_r -.04401 .01071 -.37916 -4.10958 | .00005 .22233 | 4.49789
inc_blu_r .00043 .01431 .00199 .03014 | .97598 43601 | 2.29355
car_own -.62187 .13952 -.29667 -4.45726 | .00001 42719 | 2.34089
sqrt_ptiori -.00020 .00009 -.13347 -2.16208 | .03140 49661 | 2.01364
In_strio 1.55663 .29073 41219 5.35427 | .00000 .31934 | 3.13150
In_avedist -.85642 11012 -.67709 -7.77694 | .00000 .24967 | 4.00524
In_Ivr -.31115 .06312 -.37050 -4.92935 | .00000 .33500 | 2.98508
wod -.00020 .00020 -.10434 -.96110 | .33728 .16057 | 6.22788
In_jwr 11124 .04204 .19335 2.64584 | .00858 .35439 | 2.82174
wod_In .00037 .00014 .25371 2.72369 | .00683 21811 | 4.58474
a. Dependent Variable: In_train_wo
APPENDIX 13 THE CONSTRUCTION SECTOR - LUTI
Model Summary®
Adjusted | Std. Error of
Model R R Square R Square | the Estimate
1 .665° 443 417 .66361
a. Predictors: (Constant), In_jwrc, In_lvr, p_worker_man, p_woret,
p_wocon, sqrt_ptiori, inc_pr_r, In_avedist, car_own, inc_blu_r, wodc,
In_strio, pmanpr_r, pblu_r
b. Dependent Variable: In_train_wo
ANOVA?
Sum of
Model Squares df Mean Square Sig.
1 Regression 105.315 14 7.522 17.082| .000°
Residual 132.556 301 440
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), In_jwrc, In_lvr, p_worker_man, p_woret, p_wocon, sqrt_ptiori,
inc_pr_r, In_avedist, car_own, inc_blu_r, wodc, In_strio, pmanpr_r, pblu_r
Coefficients®
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta Sig. | Tolerance | VIF
1.00000 (Constant) -11.82154 | 2.75696 -4.28789 | .00002
pmanpr_r 1.26900 73427 .18268 1.72823 | .08497 .16569 | 6.03537
pblu_r -1.32954 .84845 -17649  -1.56703 | .11816 .14595 | 6.85158
p_worker_man 2.12805 .95765 .12507 2.22216 | .02702 .58443 | 1.71108
p_wocon 1.69196 | 1.92027 .06815 .88111 | .37896 .30951 | 3.23091
p_woret 3.00738 | 1.71753 .09382 1.75100 | .08096 .64488 | 1.55068
inc_pr_r -.04020 .01034 -.34635 ( -3.88624 | .00013 .23309 | 4.29011
inc_blu_r .00112 .01414 .00515 .07902 | .93707 43653 | 2.29079
car_own -57727 .13593 -.27540 | -4.24694 | .00003 44027 | 2.27133
sqrt_ptiori -.00015 .00009 -.09901  -1.67898 | .09419 .53234 | 1.87850
In_strio 1.48275 .28523 .39263 5.19843 | .00000 .32455 | 3.08121
In_avedist -.66038 .08798 -52210 ( -7.50567 | .00000 .38262 | 2.61354
In_Ivr -.29231 .06012 -.34806 | -4.86245 | .00000 .36131 | 2.76769
wodc .00407 .00124 .21079 3.29290 | .00111 45180 | 2.21336
In_jwrc .14083 .03661 .25079 3.84681 | .00015 43559 | 2.29575
a. Dependent Variable: In_train_wo
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APPENDIX 14 THE CONSTRUCTION SECTOR - LUTI WITH THE INTERACTION TERM

Model Summary®

Adjusted
Model R R Square R Square Std. Error of the Estimate
1 672° 452 425 .65920

a. Predictors: (Constant), wodc_In, In_strio, p_worker_man, p_woret, inc_pr_r,
car_own, In_jwrc, sqrt_ptiori, inc_blu_r, p_wocon, In_avedist, In_lvr, pmanpr_r,

pblu_r, wodc
b. Dependent Variable: In_train_wo
ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 107.507 15 7.167| 16.493| .000°
Residual 130.364 300 435
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), wodc_In, In_strio, p_worker_man, p_woret, inc_pr_r, car_own, In_jwrc,
sqrt_ptiori, inc_blu_r, p_wocon, In_avedist, In_Ilvr, pmanpr_r, pblu_r, wodc
Coefficients?
Standardized Collinearity
Unstandardized Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -11.30964 2.74809 -4.11545 | .00005
pmanpr_r 1.41895 73244 .20427 | 1.93730 | .05365 .16431 | 6.08594
pblu_r -1.19699 .84487 -.15889 | -1.41677 | .15759 14524 1 6.88519
p_worker_man 1.81482 .96145 10666 | 1.88759 | .06005 57213 | 1.74786
p_wocon 1.65571 1.90757 .06669 | .86797 | .38610 .30949 | 3.23114
p_woret 2.38961 1.72814 .07455 | 1.38277 | .16776 .62854 | 1.59099
inc_pr_r -.03906 .01029 -.33648 | -3.79616 | .00018 .23252 | 4.30067
inc_blu_r .00212 .01406 .00977 | .15090 | .88016 .43609 | 2.29310
car_own -.59888 .13536 -.28570 | -4.42415 | .00001 .43805 | 2.28286
sqrt_ptiori -.00016 .00009 -.10831 | -1.84423 | .06614 .52970 | 1.88787
In_strio 1.48578 .28334 .39343 | 5.24389 | .00000 .32454 | 3.08128
In_avedist -.82434 .11388 -.65172 | -7.23869 | .00000 22537 | 4.43716
In_Ivr -.33296 .06240 -.39646 | -5.33597 | .00000 .33091 | 3.02193
wodc -.00083 .00250 -.04284 | -.33054 | .74122 .10875 | 9.19518
In_jwrc .14348 .03638 .25551 | 3.94332 | .00010 43513 | 2.29816
wodc_In .00338 .00151 .26634 | 2.24579 | .02545 .12988 | 7.69916
a. Dependent Variable: In_train_wo
APPENDIX 15 MANUFACTURING SECTOR - LUTI
Model Summary®
Adjusted R | Std. Error of the
Model R R Square Square Estimate
1 .6512 424 .397 .67457
a. Predictors: (Constant), In_jwrm2, In_avedist, p_worker_man, p_woret,
sqrt_ptiori, inc_blu_r, car_own, p_wocon, inc_pr_r, wodm, In_Ivr, In_strio,
pmanpr_r, pblu_r
b. Dependent Variable: In_train_wo
ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 100.902 14 7.207| 15.839 .000°
Residual 136.969 301 455
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), In_jwrm2, In_avedist, p_worker_man, p_woret, sqrt_ptiori, inc_blu_r,
car_own, p_waocon, inc_pr_r, wodm, In_lvr, In_strio, pmanpr_r, pblu_r
Coefficients?
Unstandardized Standardized Collinearity
Model Coefficients Coefficients t Sig. Statistics
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B Std. Error Beta Tolerance | VIF
1.00000 (Constant) -12.74020 2.90380 -4.38742 | .00002
pmanpr_r 1.45843 .75949 20995 | 1.92028 | .05577 .16003 | 6.24893
pblu_r -2.05785 .83863 -.27317 | -2.45383].01470 .15436 | 6.47822
p_worker_man 2.39923 .96816 14101 | 2.47814].01376 .59084 | 1.69250
p_wocon 3.45926 1.86022 13933 | 1.85960 | .06392 .34080 | 2.93430
p_woret 3.11332 1.75707 .09712 | 1.77188.07743 .63669 | 1.57062
inc_pr_r -.04825 .01036 -.41565 | -4.65634 | .00000 .24008 | 4.16525
inc_blu_r -.00363 .01433 -.01673 -.25361 | .79997 43937 | 2.27600
car_own -.62960 .13715 -.30036 | -4.59064 | .00001 44686 | 2.23784
sqrt_ptiori -.00016 .00009 -.10770 | -1.76887|.07793 .51604 | 1.93782
In_strio 1.62695 .29760 43081 | 5.46697 | .00000 .30806 | 3.24611
In_avedist -.71037 .08829 -.56162 | -8.04627 | .00000 .39266 | 2.54671
In_Ivr -.26549 .06047 -.31612 | -4.39006 | .00002 .36892 | 2.71058
wodm .00361 .00171 14997 | 2.11450 | .03529 .38028 | 2.62962
In_jwrm2 .08370 .03180 .18494 | 2.63196 | .00893 .38744 | 2.58105
a. Dependent Variable: In_train_wo
APPENDIX 16 MANUFACTURING SECTOR - LUTI WITH THE INTERACTION TERM
Model Summary®
Adjusted R | Std. Error of the
Model R R Square Square Estimate
1 .656% .430 .402 .67226
a. Predictors: (Constant), wodm_lIn, In_avedist, inc_pr_r, p_woret,
p_worker_man, p_waocon, sqrt_ptiori, car_own, inc_blu_r, In_jwrm2,
In_Ivr, In_strio, pmanpr_r, pblu_r, wodm
b. Dependent Variable: In_train_wo
ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 102.292 15 6.819 15.090 | .000°
Residual 135.579 300 452
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), wodm_In, In_avedist, inc_pr_r, p_woret, p_worker_man, p_wocon,
sqrt_ptiori, car_own, inc_blu_r, In_jwrm2, In_Ivr, In_strio, pmanpr_r, pblu_r, wodm
Coefficients®
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -12.57016 2.89547 -4.34132 | .00002
pmanpr_r 1.52881 75795 22009 | 2.01704 | .04458 .15958 | 6.26650
pblu_r -1.90667 .84018 -.25310 | -2.26935 | .02396 15274 | 6.54714
p_worker_man 2.10105 97971 12348 | 2.14458 | .03279 .57305 | 1.74506
p_wocon 3.29883 1.85609 13286 1.77730 | .07653 33997 | 2.94144
p_woret 2.62716 1.77285 .08196 | 1.48188 | .13942 .62112 | 1.60999
inc_pr_r -.04633 .01038 -.39915 | -4.46203 | .00001 .23743 | 4.21184
inc_blu_r -.00343 .01428 -.01579 -.24013 | .81040 43934 | 2.27616
car_own -.64607 .13700 -.30822 | -4.71582 | .00000 44476 | 2.24840
sqrt_ptiori -.00018 .00009 -.12033 | -1.96937 | .04983 .50887 | 1.96515
In_strio 1.65554 .29702 43838 5.57378 | .00000 .30713 | 3.25592
In_avedist -.84925 .11837 -.67142 | -7.17431 | .00000 .21692 | 4.60994
In_lvr -.29654 .06281 -.35310 | -4.72087 | .00000 .33961 | 2.94455
wodm -.00127 .00326 -.05283 | -.38977 | .69699 .10343 | 9.66808
In_jwrm2 .08767 .03177 .19372 2.75932 | .00615 .38547 | 2.59424
wodm_In .00340 .00194 .21883 | 1.75371 | .08050 12202 | 8.19539
a. Dependent Variable: In_train_wo
APPENDIX 17 RETAIL SECTOR - LUTI
Model Summary®
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Adjusted R | Std. Error of the
Model R R Square Square Estimate

1 .654° 427 401 .67268
a. Predictors: (Constant), In_jwrr2, p_worker_man, In_avedist, p_woret,
inc_blu_r, sqrt_ptiori, p_wocon, car_own, inc_pr_r, wodr, In_Ivr, In_strio,
pmanpr_r, pblu_r

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 101.669 14 7.262| 16.049 .000°
Residual 136.202 301 452
Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), In_jwrr2, p_worker_man, In_avedist, p_woret, inc_blu_r, sqrt_ptiori,
p_wocon, car_own, inc_pr_r, wodr, In_lvr, In_strio, pmanpr_r, pblu_r

Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -10.65856 2.76690 -3.85216 | .00014
pmanpr_r 1.29980 74697 18712 | 1.74009 | .08287 .16451 | 6.07868
pblu_r -1.89865 .83714 -.25204 | -2.26801 | .02404 .15404 | 6.49168
p_worker_man 2.24547 97114 13197 | 2.31219].02144 58393 | 1.71253
p_wocon 3.50667 1.86371 14123 | 1.88155 | .06086 .33762 | 2.96192
p_woret 2.66258 1.74696 .08306 | 1.52412|.12853 .64047 | 1.56134
inc_pr_r -.05068 .00975 -.43662 | -5.20026 | .00000 .26984 | 3.70585
inc_blu_r .00093 .01436 .00426 .06444 | .94867 43485 | 2.29964
car_own -.61199 .13738 -.29196 | -4.45465 | .00001 44284 | 2.25815
sqrt_ptiori -.00020 .00009 -.13376 | -2.14680 | .03261 .49003 | 2.04070
In_strio 141158 .28904 37378 | 4.88368 | .00000 .32474 | 3.07938
In_avedist -.69496 .08875 -.54943 | -7.83062 | .00000 .38641 | 2.58794
In_Ivr -.27287 .06100 -.32491 | -4.47340 | .00001 .36059 | 2.77323
wodr .00195 .00121 10372 | 1.61182 | .10805 45941 | 2.17670
In_jwrr2 .09836 .03301 17721 | 2.97975 ] .00312 .53784 | 1.85929

a. Dependent Variable: In_train_wo
APPENDIX 18 RETAIL SECTOR - LUTI WITH THE INTERACTION TERM

Model Summary®

Adjusted R | Std. Error of the
Model R R Square Square Estimate

1 .660° 436 .408 .66887
a. Predictors: (Constant), wodr_In, p_worker_man, p_wocon, p_woret,
inc_pr_r, In_avedist, In_jwrr2, car_own, inc_blu_r, sqrt_ptiori, In_lvr,
In_strio, pmanpr_r, pblu_r, wodr

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 103.655 15 6.910 | 15.446 .000°
Residual 134.215 300 447
Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), wodr_In, p_worker_man, p_wocon, p_woret, inc_pr_r, In_avedist, In_jwrr2,
car_own, inc_blu_r, sqrt_ptiori, In_Ivr, In_strio, pmanpr_r, pblu_r, wodr

Coefficients®

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -10.67578 2.75123 -3.88036 | .00013
pmanpr_r 1.49072 74824 21460 1.99229 | .04725 .16210 | 6.16912
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pblu_r
p_worker_man
p_wocon
p_woret
inc_pr_r
inc_blu_r
car_own
sqrt_ptiori
In_strio
In_avedist
In_lvr
wodr
In_jwrr2
wodr_In

-1.74249
1.94283
3.24347
2.16186
-.04917

.00042
-.62893
-.00023
1.46213
-.83903
-.30606
-.00182

.10231

.00289

.83569
.97626
1.85735
1.75324
.00972
.01428
.13684
.00009
.28840
11163
.06266
.00216
.03288
.00137

-.23131
11419
.13063
.06744

-.42360
.00192

-.30004

-.15200
.38717

-.66333

-.36443

-.09705
.18433
.21663

-2.08509
1.99008
1.74629
1.23307

-5.06004

.02924

-4.59607

-2.42992
5.06977

-7.51616

-4.88413
-.84564
3.11202
2.10735

.03791
04749
.08178
.21852
.00000
.97669
.00001
.01569
.00000
.00000
.00000
.39843
.00204
.03592

.15283
57130
.33609
.62871
.26837
43473
44131
48064
.32249
24147
.33781
.14281
.53609
17798

6.54313
1.75040
2.97537
1.59056
3.72616
2.30030
2.26596
2.08056
3.10083
4.14123
2.96022
7.00243
1.86535
5.61854

a. Dependent Variable: In_train_wo

APPENDIX 19 ALL SECTOR SETI H1 EFFECTIVE EMPLOYED RESIDENT DENSITY

Model Summary®

Adjusted Std. Error of the
Model R R Square R Square Estimate
1 .660? 436 .408 .66877

a. Predictors: (Constant), edertt1000, p_woret, inc_blu_r, p_worker_man,
car_own, In_jwr, p_wocon, inc_pr_r, In_avedist, In_Ivr, sqrt_ptiori, In_strio,
pmanpr_r, wod, pblu_r

b. Dependent Variable: In_train_wo

ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 103.696 15 6.913 | 15.457 | .000°
Residual 134.175 300 447
Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), edertt1000, p_woret, inc_blu_r, p_worker_man, car_own, In_jwr,
p_waocon, inc_pr_r, In_avedist, In_Ivr, sqrt_ptiori, In_strio, pmanpr_r, wod, pblu_r

Coefficients?

Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics
Std.
Model B Error Beta t Sig. Tolerance VIF
1 (Constant) -16.566 3.269 -5.068 .000

pmanpr_r 1.290 744 186 | 1.734 .084 164 | 6.102
pblu_r -1.542 .853 -.205| -1.808 072 J147] 6.811
p_worker_man 2.112 .970 124 2.178 .030 579 1.729
p_wocon 2.639 1.865 106 | 1.415 .158 3331 3.001
p_woret 2.992 1.736 093] 1.723 .086 .641] 1.560
inc_pr_r -.047 .011 -.407 | -4.488 .000 228 | 4.384
inc_blu_r -.002 .014 -011| -.164 .870 436 2.293
car_own -.665 .140 -.317 | -4.750 .000 421 2376
sqrt_ptiori .000 .000 -224] -3.106 .002 361 | 2.770
In_strio 1.914 .322 507 | 5.945 .000 .259 | 3.863
In_avedist -.655 .090 -518| -7.312 .000 .375| 2.668
In_lvr -.259 .060 -.308 | -4.282 .000 364 | 2.749
wod .000 .000 -061| -.657 512 216 | 4.629
In_jwr .083 .041 145 2.055 .041 377 2.651
edertt1000 .113 .037 .361] 3.071 .002 136 7.350

a. Dependent Variable: In_train_wo

APPENDIX 20 ALL SECTOR SETI H1B EFFECTIVE EMPLOYED RESIDENT DENSITY WITH THE

INTERACTION TERM

Model Summary®
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Adjusted R | Std. Error of the
Model R R Square Square Estimate

1 .662° 438 408 .66864
a. Predictors: (Constant), edertt_In, inc_pr_r, p_woret, sqrt_ptiori,
p_worker_man, p_wocon, wod, car_own, inc_blu_r, In_jwr, In_strio, In_lvr,
pmanpr_r, pblu_r, edertt1000, In_avedist

b. Dependent Variable: In_train_wo

ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 104.195 16 6.512 14.566 | .000°
Residual 133.676 299 447
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), edertt_In, inc_pr_r, p_woret, sqrt_ptiori, p_worker_man, p_wocon, wod,

car_own, inc_blu_r, In_jwr, In_strio, In_Ivr, pmanpr_r, pblu_r, edertt1000, In_avedist
Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -16.38648 3.27288 -5.00675 | .00000
pmanpr_r 1.37004 74773 19723 | 1.83227].06791 16221 | 6.16496
pblu_r -1.42843 .85905 -.18962 | -1.66280 | .09740 14453 | 6.91883
p_worker_man 1.96653 97958 11558 | 2.00752 | .04559 56704 | 1.76354
p_wocon 2.49726 1.86940 10058 | 1.33587 | .18261 .33155 | 3.01615
p_woret 2.65809 1.76401 .08292 | 1.50684 | .13291 .62063 | 1.61127
inc_pr_r -.04522 .01072 -.38961 | -4.21923 | .00003 .22042 | 4.53678
inc_blu_r -.00212 .01426 -.00976 -.14862 | .88195 43593 | 2.29394
car_own -.66659 .14007 -.31801| -4.75911].00000 42093 | 2.37568
sqrt_ptiori -.00032 .00011 -21424 | -2.94485|.00348 .35510 | 2.81611
In_strio 1.94747 .32340 51568 | 6.02194 | .00000 .25630 | 3.90170
In_avedist -.91316 .26028 -72194 | -3.50838 | .00052 .04439 | 22.52917
In_Ivr -.27514 .06238 -.32762 | -4.41059 | .00001 .34064 | 2.93566
wod -.00006 .00018 -.03361 -.34694 | .72888 .20026 | 4.99348
In_jwr .09240 .04148 .16060 | 2.22755 | .02665 .36157 | 2.76574
edertt1000 .07017 .05493 22378 | 1.27741.20245 .06124 | 16.32805
edertt_In .02385 .02258 16029 | 1.05623 | .29172 .08161 | 12.25330

a. Dependent Variable: In_train_wo

APPENDIX 21 ALL SECTOR SETI H2 EFFECTIVE JOB DENSITY
Model Summary®

Adjusted R | Std. Error of the

Model R R Square Square Estimate

1 .647° 419 .390 .67866

a. Predictors: (Constant), ejdtt1000, p_worker_man, p_woret, inc_pr_r,

p_wocon, wod, car_own, inc_blu_r, In_avedist, sqrt_ptiori, In_Ivr, In_jwr,

In_strio, pmanpr_r, pblu_r

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 99.696 15 6.646 | 14.430 .000°
Residual 138.175 300 461
Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ejdtt1000, p_worker_man, p_woret, inc_pr_r, p_wocon, wod, car_own,
inc_blu_r, In_avedist, sqrt_ptiori, In_Ivr, In_jwr, In_strio, pmanpr_r, pblu_r

Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -10.77700 2.93666 -3.66982 | .00029
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pmanpr_r 1.18700 .76266 17088 | 1.55640 | .12067 .16063 | 6.22545
pblu_r -1.86851 .86074 -.24803 | -2.17083|.03073 14832 | 6.74231
p_worker_man 2.31197 .98353 13588 | 2.35067 | .01939 .57948 | 1.72568
p_wocon 3.38176 1.89226 13620 | 1.78715|.07492 .33336 | 2.99977
p_woret 2.87416 1.76108 .08966 | 1.63205 | .10372 .64151 | 1.55883
inc_pr_r -.04769 .01081 -41088 | -4.41041 | .00001 .22310 | 4.48238
inc_blu_r .00058 .01462 .00265 .03935 | .96864 42728 | 2.34041
car_own -.63316 .14429 -.30206 | -4.38823 | .00002 40865 | 2.44709
sqrt_ptiori -.00012 .00010 -.08339 | -1.22471|.22164 41768 | 2.39420
In_strio 1.41685 .30376 .37518 | 4.66438 | .00000 .29928 | 3.34131
In_avedist -.68587 .09071 -54225| -7.56124 | .00000 .37649 | 2.65608
In_Ivr -.26710 .06160 -.31805 | -4.33629 | .00002 .35993 | 2.77829
wod .00021 .00014 10918 | 1.43018 | .15371 .33224 | 3.00991
In_jwr .09675 .04577 16817 | 2.11370 | .03537 .30589 | 3.26914
ejdtt1000 -.00969 .01410 -.05251 | -.68730 | .49243 .33176 | 3.01427

a. Dependent Variable: In_train_wo

APPENDIX 22 ALL SECTOR SETI H2B EFFECTIVE JOB DENSITY WITH THE INTERACTION TERM
Model Summary®

Adjusted R | Std. Error of

Model R R Square Square the Estimate

1 .656% 430 .400 .67323

a. Predictors: (Constant), ejdtt_In, p_woret, p_worker_man, car_own,

inc_pr_r, p_wocon, sqrt_ptiori, In_jwr, In_strio, inc_blu_r, In_Ivr, wod,

€jdtt1000, pmanpr_r, pblu_r, In_avedist

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 102.354 16 6.397 14.114 | .000°
Residual 135.517 299 .453
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ejdtt_In, p_woret, p_worker_man, car_own, inc_pr_r, p_wocon,

sqrt_ptiori, In_jwr, In_strio, inc_blu_r, In_Ivr, wod, ejdtt1000, pmanpr_r, pblu_r, In_avedist
Coefficients®

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Std.
Model B Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -13.37449 | 3.10435 -4.30830 | .00002
pmanpr_r 1.47420 | .76579 21223 | 1.92508 | .05517 .15678 | 6.37846
pblu_r -1.41603 .87405 -.18797 | -1.62008 | .10627 14154 | 7.06522
p_worker_man 2.11554 .97902 124341 2.16087 | .03150 57550 | 1.73761
p_wocon 2.93461| 1.88617 11819 | 1.55586 | .12080 .33016 | 3.02880
p_woret 2.21598 | 1.76799 .06913 | 1.25339|.21104 .62635 | 1.59656
inc_pr_r -.04283 | .01091 -.36902 | -3.92501 | .00011 .21555 | 4.63921
inc_blu_r .00070 | .01450 .00321 .04808 | .96169 42727 | 2.34044
car_own -.65183 14334 -.31097 | -4.54747 | .00001 40747 | 2.45419
sqrt_ptiori -.00016 | .00010 -.10842 | -1.58676 | .11362 40812 | 2.45029
In_strio 171882 | .32611 45514 |  5.27066 | .00000 .25552 | 3.91359
In_avedist -1.08579 | .18807 -.85842 | -5.77318 | .00000 .08618 | 11.60345
In_lvr -.28846 | .06174 -.34348 | -4.67246 | .00000 .35258 | 2.83620
wod .00024 | .00014 12903 | 1.69398 | .09131 .32839 | 3.04519
In_jwr .09693 | .04541 16849 | 2.13478].03359 .30589 | 3.26915
ejdtt1000 -.04413 | .01995 -.23909 | -2.21226 | .02770 16312 | 6.13037
ejdtt_In .04432 | .01830 27641 | 2.42151].01605 14623 | 6.83836

a. Dependent Variable: In_train_wo

APPENDIX 23 CONSTRUCTION SETI H1 EFFECTIVE EMPLOYED RESIDENT DENSITY
Model Summary®
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Adjusted R | Std. Error of the
Model R R Square Square Estimate

1 .674° .455 427 .65763
a. Predictors: (Constant), ederttc100, p_wocon, p_woret, p_worker_man,
inc_pr_r, car_own, In_jwrc, In_avedist, inc_blu_r, sqrt_ptiori, In_lvr,
In_strio, pmanpr_r, wodc, pblu_r

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 108.126 15 7.208 | 16.667 .000°
Residual 129.745 300 432
Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ederttc100, p_wocon, p_woret, p_worker_man, inc_pr_r, car_own, In_jwrc,
In_avedist, inc_blu_r, sqrt_ptiori, In_Ivr, In_strio, pmanpr_r, wodc, pblu_r

Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -13.63463 2.82315 -4.82958 | .00000
pmanpr_r 1.55451 73622 22379 | 2.11147 | .03556 .16186 | 6.17832
pblu_r -1.07774 .84658 -.14306 | -1.27305 | .20399 .14397 | 6.94613
p_worker_man 2.06002 .94939 12107 | 2.16982 | .03080 .58396 | 1.71243
p_wocon 1.18725 1.91323 .04782 .62054 | .53537 .30620 | 3.26588
p_woret 2.97299 1.70210 .09275| 1.74666 | .08172 .64484 | 1.55078
inc_pr_r -.04085 .01025 -.35191 | -3.98341 | .00009 .23295 | 4.29273
inc_blu_r .00082 .01402 .00377 .05848 | .95341 43650 | 2.29095
car_own -.64963 .13766 -.30992 | -4.71913 | .00000 42156 | 2.37217
sqrt_ptiori -.00029 .00010 -.19576 | -2.80936 | .00529 .37447 | 2.67048
In_strio 1.63230 .28868 43223 5.65432 | .00000 .31115 | 3.21392
In_avedist -.65655 .08720 -51907 | -7.52890 | .00000 .38251 | 2.61432
In_lvr -.29145 .05957 -.34704 | -4.89215 | .00000 .36130 | 2.76778
wodc -.00009 .00204 -.00468 | -.04430 | .96470 16281 | 6.14211
In_jwrc 12780 .03664 22759 | 3.48833 | .00056 42712 | 2.34128
ederttc100 13117 .05145 .29230 | 2.54946 | .01129 .13832 | 7.22982

a. Dependent Variable: In_train_wo
APPENDIX 24 CONSTRUCTION SETI H1B EFFECTIVE EMPLOYED RESIDENT DENSITY WITH THE
INTERACTION TERM

Model Summary®

Adjusted R | Std. Error of the
Model R R Square Square Estimate

1 .676° 457 428 .65735
a. Predictors: (Constant), ederttc_In, inc_pr_r, sqrt_ptiori, p_woret,
p_worker_man, wodc, p_wocon, In_jwrc, car_own, inc_blu_r, In_strio,
In_Ivr, pmanpr_r, pblu_r, In_avedist, ederttc100

b. Dependent Variable: In_train_wo

ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 108.670 16 6.792 | 15.718 .000°
Residual 129.200 299 432
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ederttc_In, inc_pr_r, sqrt_ptiori, p_woret, p_worker_man, wodc, p_wocon,

In_jwrc, car_own, inc_blu_r, In_strio, In_Ivr, pmanpr_r, pblu_r, In_avedist, ederttc100
Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -13.39004 2.83034 -4.73090 | .00000
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pmanpr_r 1.60346 73720 .23083 | 2.17508 | .03041 .16129 | 6.20003
pblu_r -1.02533 .84750 -13611 | -1.20982 | .22730 .14353 | 6.96728
p_worker_man 1.90862 .95852 11217 1.99121 | .04737 57240 | 1.74704
p_wocon 1.19248 1.91241 .04803 .62355 | .53340 .30619 | 3.26589
p_woret 2.61930 1.73031 .08171 | 1.51377|.13114 .62345 | 1.60399
inc_pr_r -.03976 .01030 -.34253 | -3.86158 | .00014 .23088 | 4.33122
inc_blu_r .00106 .01401 .00486 .07530 | .94003 43640 | 2.29146
car_own -.65367 .13765 -.31185| -4.74890 | .00000 42127 | 2.37379
sqrt_ptiori -.00028 .00011 -.18447 | -2.62128 | .00921 .36681 | 2.72618
In_strio 1.65640 .28935 43861 | 5.72445|.00000 .30943 | 3.23172
In_avedist -.86194 .20271 -.68145| -4.25212|.00003 .07073 | 14.13854
In_lvr -.31177 .06224 -.37124 | -5.00908 | .00000 .33073 | 3.02365
wodc .00014 .00205 .00721 .06787 | .94593 .16119 | 6.20386
In_jwrc .13119 .03675 .23363 | 3.57023 | .00042 42423 | 2.35719
ederttc100 .06674 .07707 14872 .86590 | .38724 .06158 | 16.23929
ederttc_In .03785 .03372 15732 | 1.12229 | .26264 .09245 | 10.81666
a. Dependent Variable: In_train_wo
APPENDIX 25 CONSTRUCTION SETI H2 EFFECTIVE JOB DENSITY
Model Summary®
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .665° 443 415 .66463
a. Predictors: (Constant), ejdttc100, inc_pr_r, p_woret, p_worker_man, wodc,
p_wocon, car_own, In_avedist, sqrt_ptiori, inc_blu_r, In_Ivr, In_jwrc, In_strio,
pmanpr_r, pblu_r
b. Dependent Variable: In_train_wo
ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 105.351 15 7.023| 15.900 .000°
Residual 132.520 300 442
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ejdttc100, inc_pr_r, p_woret, p_worker_man, wodc, p_wocon, car_own,
In_avedist, sqrt_ptiori, inc_blu_r, In_Ivr, In_jwrc, In_strio, pmanpr_r, pblu_r
Coefficients?
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -11.99785 2.83016 -4.23928 | .00003
pmanpr_r 1.26959 .73540 18277 | 1.72639 | .08531 .16569 | 6.03541
pblu_r -1.34755 .85211 -.17888 | -1.58143|.11483 .14514 | 6.88975
p_worker_man 2.13670 .95960 12558 | 2.22666 | .02671 .58384 | 1.71281
p_wocon 1.63109 1.93512 .06569 .84289 | .39996 .30571 | 3.27106
p_woret 2.99157 1.72106 .09333 1.73822 | .08320 .64420 | 1.55231
inc_pr_r -.04048 .01041 -.34876 | -3.88974 | .00012 .23100 | 4.32905
inc_blu_r .00060 .01428 .00277 .04205 | .96649 42943 | 2.32865
car_own -.57508 .13635 -.27435| -4.21753 | .00003 43886 | 2.27865
sqrt_ptiori -.00016 .00009 -10499 | -1.67440 | .09509 47231 2.11724
In_strio 1.50243 .29396 .39784 | 5.11095 | .00000 .30648 | 3.26280
In_avedist -.66064 .08812 -52230 | -7.49669 | .00000 .38258 | 2.61381
In_lvr -.29171 .06024 -.34735| -4.84216 | .00000 .36087 | 2.77107
wodc .00402 .00125 20799 | 3.20627 | .00149 44132 | 2.26593
In_jwrc 13322 .04543 23723 | 2.93260 | .00362 .28378 | 3.52385
ejdttc100 .00597 .02103 .01877 .28390 | .77668 42495 | 2.35322

a. Dependent Variable: In_train_wo

APPENDIX 26 CONSTRUCTION SETI H2B EFFECTIVE JOB DENSITY WITH THE INTERACTION TERM

Model Summary®

Appendix

319




Assessing the impacts of agglomeration on train ridership under the spatial
economic transport interaction framework

Adjusted R | Std. Error of the
Model R R Square Square Estimate

1 .684° 467 439 .65093
a. Predictors: (Constant), ejdttc_In, In_strio, p_woret, p_worker_man,
wodc, inc_blu_r, car_own, sqrt_ptiori, inc_pr_r, p_wocon, In_Ivr, In_jwrc,
In_avedist, pmanpr_r, pblu_r, ejdttc100

b. Dependent Variable: In_train_wo

ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 111.180 16 6.949 | 16.400 .000°
Residual 126.690 299 424
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ejdttc_In, In_strio, p_woret, p_worker_man, wodc, inc_blu_r, car_own,

sqrt_ptiori, inc_pr_r, p_wocon, In_Ivr, In_jwrc, In_avedist, pmanpr_r, pblu_r, ejdttc100
Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -14.41108 2.84716 -5.06156 | .00000
pmanpr_r 2.05237 .75052 .29546 | 2.73458 | .00662 .15259 [ 6.55356
pblu_r -.59023 .85916 -.07835 -.68699 | .49262 13695 | 7.30212
p_worker_man 2.45944 .94384 144551 2.60578 | .00963 57888 | 1.72749
p_wocon 1.31817 1.89712 .05309 .69483 | .48770 .30511 | 3.27755
p_woret 2.06582 1.70396 .06445| 1.21236].22633 .63038 | 1.58634
inc_pr_r -.03123 .01049 -26909 | -2.97659 | .00315 21796 | 4.58804
inc_blu_r .00179 .01399 .00825 .12802 | .89822 42921 2.32988
car_own -.69083 13714 -.32957 | -5.03733.00000 41613 | 2.40307
sqrt_ptiori -.00014 .00009 -.09244 | -1.50300 | .13389 47088 | 2.12367
In_strio 1.79192 .29830 47449 | 6.00719 | .00000 .28551 | 3.50256
In_avedist -1.10293 .14720 -.87197 | -7.49284 | .00000 13153 | 7.60292
In_Ivr -.34378 .06065 -40935 | -5.66829 | .00000 .34154 | 2.92790
wodc .00332 .00124 17186 | 2.67392 | .00791 43119 | 2.31917
In_jwrc .10106 .04533 17997 | 2.22961 | .02652 27340 | 3.65765
ejdttc100 -.12393 .04063 -.38949 | -3.05018 | .00249 10924 | 9.15407
ejdttc_In .12522 .03376 49522 |  3.70927 | .00025 .09993 | 10.00676

a. Dependent Variable: In_train_wo

APPENDIX 27 MANUFACTURING SETI H1 EFFECTIVE EMPLOYED RESIDENT DENSITY
Model Summary®

Adjusted R | Std. Error of the

Model R R Square Square Estimate

1 .663° 440 412 .66647

a. Predictors: (Constant), ederttm100, p_worker_man, p_woret, inc_blu_r,

car_own, In_jwrm2, pmanpr_r, In_avedist, p_wocon, In_lvr, sqrt_ptiori,

inc_pr_r, In_strio, wodm, pblu_r

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 104.618 15 6.975| 15.702 .000°
Residual 133.253 300 444
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ederttm100, p_worker_man, p_woret, inc_blu_r, car_own, In_jwrm2,

pmanpr_r, In_avedist, p_wocon, In_Ivr, sqrt_ptiori, inc_pr_r, In_strio, wodm, pblu_r
Coefficients®

Unstandardized Standardized Collinearity

Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -17.62780 3.32961 -5.29425 | .00000
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pmanpr_r 1.80234 .75973 .25946 | 2.37236 | .01831 .15611 | 6.40584
pblu_r -1.85631 .83148 -.24641 | -2.23255 | .02632 .15328 | 6.52404
p_worker_man 2.13979 .96072 12576 | 2.22726 | .02667 .58569 | 1.70738
p_wocon 3.53355 1.83805 14232 | 1.92245 | .05550 .34073 | 2.93487
p_woret 3.41149 1.73902 10643 | 1.96173 | .05072 .63445 | 1.57616
inc_pr_r -.04739 .01024 -40824 | -4.62708 | .00001 .23988 | 4.16876
inc_blu_r -.00848 .01426 -03905| -.59491 | .55235 .43330 | 2.30790
car_own -.68862 .13703 -.32852 | -5.02536 | .00000 43695 | 2.28859
sqrt_ptiori -.00032 .00010 -.21069 | -3.01399 | .00280 .38214 | 2.61682
In_strio 2.03858 .32665 .53981 | 6.24079 | .00000 .24958 | 4.00668
In_avedist -.68531 .08765 -54180 | -7.81824 | .00000 .38882 | 2.57185
In_Ivr -.25722 .05982 -.30629 | -4.30026 | .00002 .36808 | 2.71678
wodm .00007 .00209 .00279 .03225 | .97429 .24898 | 4.01635
In_jwrm2 .08735 .03144 19300 | 2.77776 | .00582 .38682 | 2.58521
ederttm100 .13319 .04605 .30362 | 2.89230 | .00410 .16945 | 5.90162

a. Dependent Variable: In_train_wo

APPENDIX 28 MANUFACTURING SETI H1B EFFECTIVE EMPLOYED RESIDENT DENSITY WITH THE
INTERACTION TERM

Model Summary®
Adjusted R | Std. Error of the
Model R R Square Square Estimate
1 .664% 440 410 .66724
a. Predictors: (Constant), ederttm_In, ederttm100, p_woret, p_worker_man,
inc_pr_r, p_wocon, car_own, In_jwrm2, inc_blu_r, In_Ivr, sqrt_ptiori,
In_strio, wodm, pmanpr_r, pblu_r, In_avedist
b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 104.751 16 6.547 | 14.705 .000°
Residual 133.119 299 445
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ederttm_In, ederttm100, p_woret, p_worker_man, inc_pr_r, p_wocon,

car_own, In_jwrm2, inc_blu_r, In_Ivr, sqrt_ptiori, In_strio, wodm, pmanpr_r, pblu_r, In_avedist
Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -17.43920 3.35123 -5.20382 | .00000
pmanpr_r 1.81580 .76101 .26140 | 2.38605 | .01765 .15594 | 6.41253
pblu_r -1.80916 .83688 -24016 | -2.16179 | .03143 .15166 | 6.59373
p_worker_man 2.06253 97213 12122 | 2.12167 | .03469 57337 | 1.74407
p_wocon 3.48039 1.84275 .14018 | 1.88870 | .05990 .33979 | 2.94303
p_woret 3.24396 1.76769 10120 1.83515 | .06748 .61548 | 1.62476
inc_pr_r -.04654 .01037 -.40095 | -4.48856 | .00001 .23456 | 4.26329
inc_blu_r -.00852 .01427 -.03924 -.59697 | .55098 43328 | 2.30795
car_own -.69240 .13736 -.33032 | -5.04071 | .00000 43584 | 2.29439
sqrt_ptiori -.00031 .00011 -.20544 | -2.90843].00390 .37512 | 2.66579
In_strio 2.05079 .32779 54304 | 6.25633 | .00000 .24843 | 4.02527
In_avedist -.82876 .27610 -.65521 | -3.00165 | .00291 .03928 | 25.45731
In_Ivr -.26551 .06176 -.31615| -4.29872|.00002 .34603 | 2.88989
wodm .00019 .00210 .00780 .08942 | .92881 .24625 | 4.06089
In_jwrm2 .08888 .03161 19639 | 2.81221 | .00525 .38377 | 2.60575
ederttm100 .10404 .07040 .23716 1.47775 | .14053 .07267 | 13.76122
ederttm_In .01646 .03004 .09393 54797 | .58412 .06371 | 15.69718

a. Dependent Variable: In_train_wo

APPENDIX 29 MANUFACTURING SETI H2 EFFECTIVE JOB DENSITY
Model Summary®
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Adjusted R | Std. Error of the
Model R R Square Square Estimate
1 .665° 443 415 .66476

a. Predictors: (Constant), ejdttm100, pmanpr_r, wodm, inc_blu_r, p_woret,
car_own, p_worker_man, In_avedist, sqrt_ptiori, p_wocon, In_lvr, In_strio,
inc_pr_r, In_jwrm2, pblu_r

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 105.301 15 7.020 | 15.886 .000°
Residual 132.570 300 442
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ejdttm100, pmanpr_r, wodm, inc_blu_r, p_woret, car_own, p_worker_man,

In_avedist, sqrt_ptiori, p_wocon, In_Ivr, In_strio, inc_pr_r, In_jwrm2, pblu_r

Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -15.61103 3.00274 -5.19893 | .00000
pmanpr_r 1.94558 .76420 .28008 | 2.54592 | .01140 .15349 | 6.51489
pblu_r -1.34031 .85715 -17792 | -1.56369 | .11894 .14350 | 6.96882
p_worker_man 1.12957 1.03547 .06639 | 1.09088 | .27620 .50160 | 1.99361
p_wocon 3.50095 1.83320 14100  1.90975 | .05712 .34078 | 2.93445
p_woret 3.18458 1.73165 .09935 | 1.83904 | .06690 .63658 | 1.57089
inc_pr_r -.04387 .01030 -37795 | -4.25751 | .00003 .23573 | 4.24208
inc_blu_r -.00706 .01416 -03251 | -.49844 | .61854 43678 | 2.28946
car_own -.66753 .13569 -.31846 | -4.91967 | .00000 44335 | 2.25555
sqrt_ptiori -.00021 .00009 -13913 | -2.28753 | .02286 50220 | 1.99124
In_strio 1.85874 .30233 49219 ( 6.14810 | .00000 .28987 | 3.44984
In_avedist -.69740 .08710 -55136 | -8.00695 | .00000 .39179 | 2.55240
In_Ivr -.28086 .05979 -.33443 | -4.69713 | .00000 .36648 | 2.72870
wodm .00272 .00171 1312 1.59625 | .11149 .36995 | 2.70308
In_jwrm2 .00241 .04057 .00532 .05937 | .95270 23117 | 4.32574
ejdttm100 .05891 .01867 .25604 | 3.15503 | .00177 .28208 | 3.54510

a. Dependent Variable: In_train_wo

APPENDIX 30 MANUFACTURING SETI H2B EFFECTIVE JOB DENSITY WITH THE INTERACTION TERM

Model Summary®

Adjusted R | Std. Error of
Model R R Square Square the Estimate
1 .680% 462 433 .65413

a. Predictors: (Constant), ejdttm_In, p_woret, p_wocon, p_worker_man,
wodm, inc_pr_r, car_own, sqrt_ptiori, inc_blu_r, In_Ivr, In_strio,
In_jwrm2, In_avedist, pmanpr_r, pblu_r, ejdttm100

b. Dependent Variable: In_train_wo

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 109.931 16 6.871| 16.057 .000°
Residual 127.940 299 428
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ejdttm_In, p_woret, p_wocon, p_worker_man, wodm, inc_pr_r, car_own,
sqrt_ptiori, inc_blu_r, In_lvr, In_strio, In_jwrm2, In_avedist, pmanpr_r, pblu_r, ejdttm100

Coefficients®

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Std.
Model B Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -17.12076 | 2.99019 -5.72564 | .00000
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pmanpr_r 2.68384 | .78476 .38636 | 3.41994 | .00071 14094 | 7.09512
pblu_r -.60964 | .87221 -.08093 -.69897 | .48512 13419 | 7.45209
p_worker_man 2.04131 | 1.05595 11997 1.93315 | .05416 46705 | 2.14112
p_wocon 3.61288 | 1.80423 14551 | 2.00245 | .04614 .34066 | 2.93549
p_woret 257520 | 1.71402 .08034 | 1.50243 | .13404 .62915 | 1.58945
inc_pr_r -.03478 .01051 -.29968 | -3.31002 | .00105 .21945 | 4.55681
inc_blu_r -.00676 | .01394 -.03113 -.48506 | .62799 43677 | 2.28955
car_own -.73684 | .13517 -.35152 | -5.45118 | .00000 43258 | 2.31171
sqrt_ptiori -.00017 .00009 -.11350 | -1.88048 | .06101 49383 | 2.02500
In_strio 2.04692 | .30295 54202 | 6.75668 | .00000 27953 | 3.57738
In_avedist -1.23291| .18397 -.97474 | -6.70159 | .00000 .08503 | 11.76047
In_lvr -.31403 .05970 -.37393 | -5.26054 | .00000 .35602 | 2.80886
wodm .00250 | .00168 10369 | 1.48569 | .13841 36932 | 2.70764
In_jwrm2 .00136 | .03992 .00300 .03405 | .97286 23116 | 4.32601
ejdttm100 -.04035 .03533 -.17535 | -1.14207 | .25434 .07631 | 13.10505
ejdttm_In 07349 | .02234 54109 | 3.28963 | .00112 .06649 | 15.04026
a. Dependent Variable: In_train_wo
APPENDIX 31 RETAIL SETI H1 EFFECTIVE EMPLOYED RESIDENT DENSITY
Model Summary®
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .666° 443 415 .66453
a. Predictors: (Constant), ederttr100, inc_blu_r, pmanpr_r, In_jwrr2, p_woret,
p_worker_man, car_own, In_avedist, p_wocon, In_Ivr, sqrt_ptiori, In_strio,
inc_pr_r, wodr, pblu_r
b. Dependent Variable: In_train_wo
ANOVA?
Sum of
Model Squares df Mean Square Sig.
1 Regression 105.390 15 7.026 | 15.910 .000°
Residual 132.480 300 442
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ederttr100, inc_blu_r, pmanpr_r, In_jwrr2, p_woret, p_worker_man, car_own,
In_avedist, p_wocon, In_lvr, sqrt_ptiori, In_strio, inc_pr_r, wodr, pblu_r
Coefficients?
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -12.57330 2.81183 -4.47157 | .00001
pmanpr_r 1.71112 75140 .24633 2.27724 ] .02348 .15866 | 6.30279
pblu_r -1.61374 .83281 -.21422 -1.93772 | .05360 .15190 | 6.58310
p_worker_man 2.14351 .96002 .12598 2.23278 | .02630 58315 | 1.71482
p_wocon 3.23806 1.84346 13042 1.75652 | .08002 .33677 | 2.96940
p_woret 2.75315 1.72608 .08589 1.59503 | .11176 .64026 | 1.56185
inc_pr_r -.05121 .00963 -44121 -5.31833 | .00000 .26975 | 3.70719
inc_blu_r -.00047 .01420 -.00217 -.03327].97348 43435 | 2.30229
car_own -.70458 .13942 -.33613 -5.05380 | .00000 41967 | 2.38284
sqrt_ptiori -.00039 .00011 -.26232 -3.45948 | .00062 .32288 | 3.09714
In_strio 1.57998 29137 41837 5.42257 | .00000 31187 | 3.20646
In_avedist -.69301 .08768 -.54789 -7.90426 | .00000 .38638 | 2.58810
In_lvr -.27591 .06027 -.32854 -4.57812 | .00001 .36048 | 2.77407
wodr -.00196 .00180 -.10420 -1.08814 | .27741 .20244 1 4.93981
In_jwrr2 .09489 .03263 .17096 2.90787 | .00391 53712 | 1.86179
ederttr100 .15186 .05231 32739 2.90306 | .00397 .14598 | 6.85040
a. Dependent Variable: In_train_wo
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APPENDIX 32 RETAIL SETI H1B EFFECTIVE EMPLOYED RESIDENT DENSITY WITH THE INTERACTION
TERM

Model Summary®
Adjusted R | Std. Error of the
Model R R Square Square Estimate
1 .666% 444 414 .66499
a. Predictors: (Constant), ederttr_In, In_Ivr, inc_blu_r, p_woret,
p_worker_man, In_jwrr2, p_wocon, car_own, sqrt_ptiori, inc_pr_r, wodr,
In_strio, pmanpr_r, In_avedist, pblu_r, ederttr100
b. Dependent Variable: In_train_wo

ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 105.650 16 6.603 | 14.932 .000°
Residual 132.221 299 442
Total 237.871 315

a. Dependent Variable: In_train_wo

b. Predictors: (Constant), ederttr_In, In_Ivr, inc_blu_r, p_woret, p_worker_man, In_jwrr2, p_wocon,

car_own, sqrt_ptiori, inc_pr_r, wodr, In_strio, pmanpr_r, In_avedist, pblu_r, ederttr100
Coefficients?

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance VIF
1.00000 (Constant) -12.51484 2.81481 -4.44607 | .00001
pmanpr_r 1.74574 .75328 25132 | 231753 .02115 .15809 [ 6.32557
pblu_r -1.57956 .83457 -.20968 | -1.89265 | .05937 15147 | 6.60199
p_worker_man 2.02995 .97206 11931 | 2.08829 | .03762 56958 | 1.75569
p_wocon 3.17796 1.84640 12800 | 1.72117 | .08625 .33616 | 2.97477
p_woret 2.50722 1.75688 .07822 | 1.42709 | .15460 .61887 | 1.61585
inc_pr_r -.05045 .00969 -.43466 | -5.20823 | .00000 .26691 | 3.74653
inc_blu_r -.00071 .01421 -.00325 -.04968 | .96041 43415 2.30335
car_own -.70383 .13952 -.33578 | -5.04485].00000 41965 | 2.38295
sqrt_ptiori -.00038 .00011 -.25319 | -3.29619 | .00110 .31509 | 3.17371
In_strio 1.60596 .29354 42525 | 5.47102 | .00000 .30770 | 3.24990
In_avedist -.81700 .18416 -.64592 | -4.43639|.00001 .08770 | 11.40258
In_Ivr -.28896 .06267 -.34407 | -4.61086 | .00001 .33385 | 2.99535
wodr -.00175 .00182 -.09286 -.95760 | .33904 19771 | 5.05792
In_jwrr2 .09616 .03270 17325 | 2.94104 | .00353 53573 | 1.86661
ederttr100 .10310 .08243 22226 | 1.25065 | .21204 .05886 | 16.98870
ederttr_In .02782 .03633 .09967 76574 | .44443 10974 | 9.11250

a. Dependent Variable: In_train_wo

APPENDIX 33 RETAIL SETI H2 EFFECTIVE JOB DENSITY

Model Summary®
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .654° 428 .399 .67365
a. Predictors: (Constant), ejdttr100, p_woret, p_worker_man, inc_pr_r,
p_wocon, wodr, car_own, In_avedist, inc_blu_r, In_jwrr2, In_lvr, sqrt_ptiori,
In_strio, pmanpr_r, pblu_r
b. Dependent Variable: In_train_wo

ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 101.729 15 6.782 | 14.944 .000°
Residual 136.142 300 454
Total 237.871 315

a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ejdttr100, p_woret, p_worker_man, inc_pr_r, p_wocon, wodr, car_own,
In_avedist, inc_blu_r, In_jwrr2, In_lvr, sqrt_ptiori, In_strio, pmanpr_r, pblu_r

Coefficients®
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Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -10.80947 2.80183 -3.85801 | .00014
pmanpr_r 1.27988 .75005 .18425 1.70638 | .08897 .16363 | 6.11131
pblu_r -1.92231 .84088 -.25518 | -2.28608 | .02295 .15312 | 6.53080
p_worker_man 2.24215 .97259 13178 | 2.30534 | .02183 .58388 | 1.71268
p_wocon 3.42262 1.88068 .13785 1.81989 | .06977 .33252 | 3.00738
p_woret 2.60691 1.75618 .08133 | 1.48442.13875 .63560 | 1.57331
inc_pr_r -.05105 .00981 -.43982 | -5.20238 | .00000 .26692 | 3.74649
inc_blu_r .00051 .01443 .00234 .03516 | .97197 43209 | 2.31435
car_own -.61136 13759 -.29166 | -4.44325|.00001 44277 | 2.25851
sqrt_ptiori -.00022 .00011 -.14599 | -2.05930 | .04033 37959 | 2.63444
In_strio 1.42921 .29349 .37845 | 4.86967 | .00000 .31588 | 3.16580
In_avedist -.69183 .08929 -54696 | -7.74789 | .00000 .38282 | 2.61221
In_lvr -.27162 .06118 -.32343 | -4.43945 | .00001 .35945 | 2.78202
wodr .00195 .00121 .10386 1.61160 | .10810 45939 | 2.17678
In_jwrr2 .09061 .03933 16325 | 2.30359 | .02193 .37987 | 2.63248
ejdttr100 .00693 .01906 .02652 .36351 | .71648 .35856 | 2.78893
a. Dependent Variable: In_train_wo
APPENDIX 34 RETAIL SETI H2B EFFECTIVE JOB DENSITY WITH THE INTERACTION TERM
Model Summary®
Adjusted R | Std. Error of the
Model R R Square Square Estimate
1 .658° 433 403 67162
a. Predictors: (Constant), ejdttr_In, wodr, inc_blu_r, pmanpr_r, car_own,
p_woret, p_worker_man, In_strio, In_jwrr2, sqrt_ptiori, p_wocon, In_lvr,
inc_pr_r, In_avedist, pblu_r, ejdttr100
b. Dependent Variable: In_train_wo
ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 103.000 16 6.438 | 14.272 .000°
Residual 134.870 299 451
Total 237.871 315
a. Dependent Variable: In_train_wo
b. Predictors: (Constant), ejdttr_In, wodr, inc_blu_r, pmanpr_r, car_own, p_woret, p_worker_man,
In_strio, In_jwrr2, sqrt_ptiori, p_wocon, In_lvr, inc_pr_r, In_avedist, pblu_r, ejdttr100
Coefficients?
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. | Tolerance | VIF
1.00000 (Constant) -11.91105| 2.86938 -4.15109 | .00004
pmanpr_r 1.42031 75245 .20447 1.88757 | .06005 .16161 | 6.18776
pblu_r -1.79339 .84185 -.23806 | -2.13031 | .03396 .15185 | 6.58558
p_worker_man 2.15705 .97098 12678 | 2.22152 | .02706 58229 | 1.71736
p_wocon 3.12845| 1.88317 12600 ( 1.66127 | .09771 .32964 | 3.03364
p_woret 2.07229 1.77959 .06465 1.16448 | .24516 .61526 | 1.62534
inc_pr_r -.04894 .00986 -.42160 | -4.96097 | .00000 .26256 | 3.80861