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Abstract
Urban growth is an ongoing phenomenon of modern-day world, which is taking place on
an unprecedented scale, and its impacts on society and the environment are not obscured anymore.
In order to combat the externalities of such rapid, and to a degree of uncontrolled development,
many cities around the globe introduced various urban growth management policies. However,
policy making—to provide sustainable outcomes, while generating growth opportunities—has
been a daunting task for urban administrators. A question “How can we plan urban growth towards
a more sustainable future?” is yet to be answered. Many models, policies, best practices, and
management performance indicators have been suggested earlier and will be introduced in the
future as per upcoming challenges and social modernization.
In seeking urban sustainability and urban character, transport infrastructure is the
backbone of every city. Within this context, the assessment of transport impacts is particularly
important as transport plays an important role in shaping urban growth, vibrance, smartness, and
modernization. However, the transport sector alone is responsible for about one-third of the
greenhouse gas emissions of cities, which have detrimental effects on the environment, economy,
community health, and quality of life. For deep insight and a better understanding of the urban
dynamics, familiarity to transport impact indicators of urban growth is highly important but
challenging because the impacts vary both geographically and temporally. For example,
congestion might be a problem in inner-city areas in a short-term but might not be detectable in
outer urban fringes even in the long-run.
Evaluation of urban growth and associated impacts based on development scenarios have
emerged to strengthen and quantify the future of urban policies and related planning actions.
However, in this process a number of issues to be considered prior to actual model building for
realistic and justifiable results including the uncertainties associated with the selection of suitable
methods to generate scenarios, identification of indicators to be used to assess scenarios, evaluation
of scenarios to prioritize for policy formulation, and assessment of impacts of policy scenarios.
Therefore, theoretically, an evaluation of urban growth through scenario-based planning helps
planners to better assess the future impacts of growth and develop better policies and plans. In
practice, however, scarce evidence exists outlining the challenges of scenario-based evaluation and
how-to best address these while modelling the transport impacts of various urban growth scenarios.
The main aim of this research is to assess the transport impacts of alternative urban growth
scenarios at different spatial and temporal scales in order to identify the sustainable urban growth
policy. The study is designed to conduct an extensive literature review for identifying the initial
list of urban growth policies and a list of transport impact indicators; to verify transport impact
indicators representative of different spatial and temporal scales for urban growth scenarios; to
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verify the list of urban growth policies for alternative urban growth scenarios; to translate the
descriptive futures (alternative urban growth scenarios) into the visual representation through GIS;
to assess the transport impacts of the alternative urban growth scenarios at different spatial and
temporal scales and to identify the sustainable urban growth policy scenario suitable for South East
Queensland, Australia.
The review of literature is focused on the scenario based urban growth modelling. It is to
identify the methods for scenario generation and evaluation that have been used to assess the
transport impacts of alternative urban growth scenarios; and to assess the effectiveness of scenariobased planning methods that are used for modelling the transport impacts of alternative urban
growth scenarios on different scales. The methodological approach consists of a critical review of
the key literature and relevant methods that are commonly used to assess transport impacts. Also,
it identifies the research gaps and underpins the conceptual framework to target the study
objectives. The major outcome of the review of literature highlighted the limitations of existing
methods for effectively evaluating transport externalities of urban growth scenarios. The review
revealed that most models do not pay adequate attention to the social and environmental impacts
of urban transformations. The critical outcome of the review is the challenge of representative
indicators at a different scale which is the base for achieving a high level of results accuracy.
To address the challenge of transport indicators, the study systematically selected 23
transport impact indicators through a review of 62 identified from the literature. Later, it evaluated
and classified their suitability in terms of space-time dyads through a two-round of Delphi survey
involving 29 international experts from public, private, and academic sectors specialized in the
fields of urban planning, environmental planning, social planning, transportation modelling, and
economic development. Results show that the experts reached a consensus that 12 (52%) indicators
are suitable in various space-time dyadic combinations. Only ‘travel time’ was identified as a
suitable indicator for all three spatial (local, city, region) and two temporal (short-, long-term)
scales. The findings may serve as a guide for decision makers, transport modellers and planners to
adopt indicators according to their scale of operation, and thus simplify the daunting task of the
suitable indicator selection process.
At last, a case study was designed to develop suitable policy scenarios for sustainable
urban growth. Similar two-round Delphi survey was conducted for assessing the suitable policy
scenarios for sustainable urban growth with the help of experts. The expert-driven policy scenarios
are validated in a local context by comparing findings against the policy options as proposed in the
South East Queensland Regional Plan 2017. The findings offer valuable guidelines for planners,
modellers, and policy makers in adopting suitable methods, indicators, and policy priorities, and
thus, easing the daunting task of generating sustainable policy solutions.
The representative transport impact indicators of urban growth were identified in the
context of space and time. The four descriptive futures (alternative urban growth scenarios) were
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generated. These descriptive scenarios then translated into visual representation through GIS. Next,
all scenarios were evaluated at multi-scale i.e. spatial and temporal by using Traffic Analyst
transport simulation model. The multi-scale analysis was performed for both the temporal (2016,
2021, 2031 and 2041) and spatial scales (region, city and local level) of urban growth scenarios.
The statistical and spatial data required for this study were collected from the concerned
government departments and online data resources. Travel time, travel distance and transport
network efficiency were used as transport impact indicators. Finding of the studies suggests that
policies under Balanced scenario (environment + economic) are contributing towards sustainable
development with the least travel time, distance, and traffic congestions.
In the tradition of the alternative scenario of the future as major contributions to
knowledge, this study provides an empirical approach to inform and assist decision makers,
practitioners and stakeholders in applying the metanarrative of sustainable development at
regional, city and local level. The findings of the case study can be used by the local governments,
planning and development agencies, planners, developers, and concerned stakeholders to verify
the future impacts of the policies on South East Queensland. This study provides a guideline for
taking a forward step in adopting sustainable urban growth management policies. A similar
methodology can be adopted elsewhere in other cities of Australia and in different parts of the
world.
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Chapter 1: Introduction

Chapter 1: Introduction

1

This chapter outlines the background (Section 1.1) and research problem (Section 1.2) of the study,
the overarching research aim and objectives of the study (Section 1.3), the outline of research method
(Section 1.4), and the significance of this research (Section 1.5). Finally, it includes an outline of the
remaining chapters of the thesis (Section 1.6).

1.1

BACKGROUND
Natural resources have been significantly compromised and degraded due to rapid urbanization—

i.e. increasing urban population, urban sprawl, and extending transportation networks and industrialization.
Urban areas specifically large cities are facing challenges related to pollution, diminishing quality of life,
overcrowding, congestion, escalating land prices, housing shortages, slums, squatter settlements,
environmental hazards and the like (Rafiee, Mahiny, Khorasani, Darvishsefat, & Danekar, 2009; Ratcliffe
and Krawczyk, 2011). Challenges are because of the profound transitions of the cities across the globe. Fast
paced urbanisation is irreversible and unstoppable. Therefore, the concept of sustainable urban development
has been a prime concern of policymaking and government to aware and mitigate the impacts of climate
change because of fast-paced and irreversible urbanization (Kamruzzaman, Hine, & Yigitcanlar, 2015;
Yigitcanlar and Dizdaroglu, 2015). This accelerating process of urbanisation is putting more pressures on
the proficiency of city planners, administrators and stakeholders to manage the capacity of cities by
accommodating all populations with adequate services, resulting in an infinite depletion of finite natural
resources. To achieve this aim, different urban growth management practices have been employed to
minimise the problems associated with rapid urbanisation. Urban growth management can be defined in
many ways, but essentially it involves government actions to guide the location, quality, and timing of
development (Porter, 1997). Urban growth management policies are frameworks or tools to manage urban
growth with a concern to restrain its implication to natural areas and the environment (Frenkel, 2004). These
policies can also be termed as regulatory approaches to manage urban development by using diverse
strategies (Bengston, Fletcher, & Nelson, 2004). Land use zoning is a key method used for urban growth
management (Nelson, 2001). Different urban growth management plans have been practised by local
governments to guide land use allocations at different scales, such as city, region and state levels (Anthony,
2004). However, growing concern about the socio-environmental cost of urban growth in the 1960s and
1970s indicates a surge in anxiety about the impacts of urbanization and importance of managing growth
(Bengston, et al., 2004). Such concerns are closely linked to the quality of life, environmental conservation,
efficient urban form, urban revitalization, transportation choices, and affordable housing (T. Yigitcanlar and
M. Kamruzzaman, 2014). Urban growth management policies that can lead to the development of
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environmentally, economically, and sociality sustainable urban areas are a key topic of urban planners,
policymakers, and scholars.
In order to overcome the weakness of traditional planning practices, alternative urban growth
management approaches are proposed (Perveen, Yigitcanlar, Kamruzzaman, & Hayes, 2016). These
alternative approaches include: dispersed city (continual low density suburban development) (Deilami and
Kamruzzaman, 2017; Gkartzios and Scott, 2010); compact city (increased population density within a
central group of suburbs) (Neuman, 2005); fringe city (further growth predominantly on the fringe of the
city); corridor city (growth along linear transportation corridors originating from the central business district)
(Morison, 2000); city cluster development (regional city cluster that consists of cities of different sizes
instead of one large city) (P. Li, Wang, & Zhang, 2017); and transit-oriented development (integrated
amenities and neighbourhood development within a walkable distance from public transport)
(Kamruzzaman, Baker, Washington, & Turrell, 2014). Hence, a range of policy instruments is available for
policy makers and planners to manage the future urban growth. However, sustainable urban growth policies
require an in-depth understanding of the impacts of current urban growth policies in order to prepare and
mitigate unexpected outcomes. Additionally, urban growth management policies, in order to achieve
sustainable development, require a holistic approach to involve all stakeholders from relevant areas in the
decision process, such as transportation, land-use, environmental, and economic developments (Wheeler,
Tomuta, Haden, & Jackson, 2013).
In this age of accelerating transition, increased complexity, and uncertainty; the emerging concept
of visioning the urban growth is scenario-based planning. During the last few decades the terms like
“scenarios,” “scenarios planning,” “alternative scenarios,” “scenario method,” “scenario technique,”
“scenario-based planning,” “scenario analysis,” and “scenario learning” have been widely used in many
areas of application including private and public sectors from local to national and global levels for
generating alternative visions for planning and selecting the right decision (Son, 2013). Academia, business
managers and policymakers are broadly using the scenario-based methods as an instrument to gain
knowledge of the future. Scenarios assist in the development of policies through visioning of possible futures
and making people aware of uncertainties in their decisions (Harries, 2003; Vacík, Fotr, Spacek, & Soucek,
2014).
The scenario-based planning method is a key instrument for urban planning because planning
policies are often undertaken for longer time spans—e.g., 10, 20, 50 years—and based on present-day
assumptions of future conditions, and therefore, involve a great deal of uncertainty to reach the policy goals
(Bracken, 2014; Solesbury, 2013). The conventional urban planning model—e. g., zoning of different land
uses—employs trend projection as an approach for future development, and therefore, lacks the ability to
take into account uncertainties associated with urban development (Newman, 2001; Von Wirth et al., 2014).
Researchers have combined scenario-based planning methods with urban growth models to simulate
alternative urban growth scenarios (Bartholomew and Ewing, 2009; Hua, Tang, Cui, & Yin, 2014; PlataRocha, G¢mez-Delgado, & Bosque-Sendra, 2011; Wu, Hu, He, Xi, & Bu, 2010). Little has been done to
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assess future impacts of planning decisions, and less so by comparing the impacts of alternative development
models at different spatial and temporal scales. Although several studies have assessed the current impacts
of the alternative urban development models, they are inadequate to infer because of their evolving nature
(e.g., city growth or decline) of our cities (Karen Beardsley, James H. Thorne, Nathaniel E. Roth, Shengyi
Gao, & Michael C. McCoy, 2009a; Cervero, 2006; Duque and Panagopoulos, 2010; D. Hensher, 2002; C.
A. Jantz, S. J. Goetz, & M. K. Shelley, 2004; Nathaniel E. Roth, James H. Thorne, Robert A. Johnston,
James F. Quinn, & Michael C. McCoy, 2012; Sushinsky, Rhodes, Possingham, Gill, & Fuller, 2013;
Wheeler, et al., 2013).
Transportation has been one of the major determinants of the expansion of cities and defining urban
forms (Warner, 1987). Despite transportation is vital for the economic development of cities, and for the
socioeconomic well-being of their inhabitants; it is also the main reason behind environmental problems of
the world (Zhao, 2010). It is evident from the literature that covering only as little as 3% of the globe, urban
areas are accounted for as much as 78% of greenhouse gas emissions (see Dezhkam, Amiri, Darvishsefat,
& Sakieh (2014)). Similarly, urban transport consumes extensive energy sources and is considered as a
major source of environmental problems, such as pollution of air, soil, water, and noise, and natural drainage
(Hasibuan, Soemardi, Koestoer, & Moersidik, 2014; D. Hensher, 2002; Hua, et al., 2014; Kii, Akimoto, &
Doi, 2014; J. Ma, Liu, & Chai, 2015). Adding to the environmental impacts, the transportation corridors also
transform socioeconomic characteristics of neighbouring localities (Geurs and van Wee, 2004). Scholars
have underlined that the assessment of transport impacts can support the formulation of efficient urban
growth management policies to minimise uncertainty (Dizdaroglu and Yigitcanlar, 2014; F Dur and
Yigitcanlar, 2015). Therefore, transportation needs to be considered as an integral element for achieving
sustainable urban development (Courtney, 2009; Reilly, O’Mara, & Seto, 2009). By assessing transport
impacts of urban growth, it is possible to achieve sustainable urban development through planning policies
with improved environmental outcomes (F Dur and Yigitcanlar, 2015; Gilbert and Tanguay, 2000; Litman,
2007b; Perveen, Kamruzzaman, & Yigitcanlar, 2017b). Although research has highlighted the need to assess
the impacts of transportation and urban growth together using a feedback loop, existing modelling exercises,
however, focuses only on the urban growth impacts on transportation and ignores the rebound effect . As a
result, this current study focuses on to employ transport impact indicators for evaluating alternative urban
growth scenarios in order to find sustainable urban growth policy.

1.2

RESEARCH PROBLEM
There is a two-way link between transportation and urban growth (Chang, 2006). The type and

location of urban growth determine the demand for transportation services. The characteristics of the
development, and how the development fits with the region, may determine which transportation modes can
best support it. For instance, development at the outskirt of a city increases commute distance and vehicle
kilometres travel (Gakenheimer, 1999; Kenworthy, 1995; Yigitcanlar, Dodson, Gleeson, & Sipe, 2007;
Zhao, 2010). In contrast, transportation infrastructure determines the spatial structure of a city and induces

Queensland University of Technology

3

Chapter 1: Introduction
urban growth (Warner, 1987). Likewise, a new highway may make other inaccessible land available for
development, and thus, the land use plan should be revised to prescribe land uses and densities compatible
with the transportation investments.
The dynamics of urban growth and transportation interaction can vary between different spatial and
temporal scales; and as a result, the impacts of urban growth on transport might not be visible at all scales in
a particular point in time (Perveen, et al., 2016). For example, travel time indicator might not capture the
negative effect of a new neighbourhood developed at the outer skirt of a city compared to a suburb located
in an inner-city setting when an analysis is focused on a local scale (suburb level). However, the new
neighbourhood may cause a significant negative effect on travel time if an analysis is focused on a city level
(e.g. average commuting time in the city before and after the new neighbourhood). In contrast, CO2
emissions indicator or mode choice, for example, can be used to correctly assess the impacts locally. People
in the new neighbourhood are likely to use the car more to access goods and services compared to people
living in the inner-city suburb because of a lack of walking-friendly land uses.
Ample research has been conducted to model the transport impact on urban growth. A range of
software tools are available to facilitate such modelling including Land Use and Transportation Integrated
scenario modelling (LUTI) (Feudo, 2014), The Integrated Land Use Transportation Environment (ILUTE)
(Rasouli and Timmermans, 2013), Model of land-use/transport interaction (MEPLAN) (Spiekermann and
Wegener, 2004), URBANSIM (Waddell, 2002), TRANUS (Dutta, Saujot, Arnaud, Lefevre, & Prados,
2012) . However, most of these modelling applications are constrained in specific spatial or temporal scales.
For instance, URBANSIM evaluates transport impact on urban growth at the city level over short and
medium-terms. In contrast, various land use simulation models exist that offer the possibilities to explore
alternative growth scenarios and their impacts on transport/environment at specific spatial scales (mostly
regional or city level). Examples of these models include: Multi-agent system (MAS) (H. Zhang, Jin, Wang,
Zhou, & Shu, 2015), Agent-based model (ABM) (Tian and Qiao, 2014), Spatial multiple criteria assessment
(MCA) (Y. J. Singh, Fard, Zuidgeest, Brussel, & Maarseveen, 2014), Slope, Land use map, Excluded area,
Urban area, Transportation map, Hillside area (SLEUTH) (Rafiee, et al., 2009), Cellular automata (CA) (C.
Li, 2014), Land change modeller (LCM) (Thapa and Murayama, 2012), Monitoring Land Use/Cover
Dynamics (MOLAND) (Oana, Harutyun, Brendan, & Sheila, 2011), and Casewise visual evaluation
(CAVE) (K. Bailey, Grossardt, & Pride-Wells, 2007). However, there is little empirical evidence or
modelling effort to assess the cross-scales interaction between transport and urban growth (McCool and
Stankey, 2004; Perveen, et al., 2016).
Furthermore, the existing studies to evaluate urban growth scenarios are restricted to regional,
national or metropolitan areas (large scale) (Aysan, Demir, Altan, & DOkmeci, 1997; Burke, Li, & Dodson,
2011b; Feudo, 2014; Hua, et al., 2014; Jun and Hur, 2001; Mittal, Dai, & Shukla, 2015; Plata-Rocha, et al.,
2011; Tian and Qiao, 2014). Alan W. Shearer et al. (2009) also pointed out that most of the existing scenario
evaluation studies explicitly delimit spatial and temporal scales and the studies done in past on multi-scale
applications are relatively rare. A lack of understanding of the scale effect is a long-standing problem in the
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literature which is referred to as the modifiable areal unit problem (MAUP) (Dark and Bram, 2007; A. S.
Fotheringham and Wong, 1991; Kwan and Weber, 2008). MAUP is defined as the problem in the analysis
of spatially aggregated data, where the results of some analyses depend on the definition of the areal units
for which data is described (Brian A. Mikelbank, 2010). This suggests that the MAUP is only concerned
about an investigation of the spatial scale effect and does not focus on an interaction with changing temporal
scale. Undoubtedly, the regions and metropolitan areas (large scale) are composed of many sub-regions and
neighbourhood localities (local scale). As described by Barredo, Kasanko, McCormick, & Lavalle (2003)
“the ordered large-scale patterns are developed from the local scale interactions. Depending on the nature of
these local scale interactions, the large-scale ordered patterns will take their form, structure, shape and/or
behaviour”. The existing studies are not considering the varying spatial and temporal scales because the
differences in data representation, accuracy, precision and other parameters are typical for different spatial
and temporal scales. Furthermore, the specific aims used at different scales may produce incompatible results
and credibility of results is often sacrificed at one scale or another. Conversely, the results’ credibility of
policy impacts at one scale can’t be validated without analysing its impacts at another scale because of their
interconnectedness as shown in Figure 1. This weakness in previous studies necessitates further research to
identify suitable indicators that can be used to measure the transport impact of urban growth at different
spatial and temporal scales.

Impacts

Region

City

Temporal Scale

Impacts

Impacts

Neighbourhood

Spatial Scale
Figure 1: Interconnectedness of transport impacts of urban growth at different spatial and temporal
scales
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Indicators defined at multi-level of spatial and temporal scale can lead to better decisions by
incorporating social and physical science knowledge into the decision-making process. Therefore, indicators
can help in measuring and calibrating progress toward sustainable development (Economic, 2007).
Sustainable development is defined as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” (WCED 1987, p. 43). However, the
definition of sustainable development is difficult to practice due to the unmonitored growth of urban areas,
which often leads to negative environmental and socioeconomic outcomes (Warner, 1987). Since its
formulation, the approaches for achieving sustainable urban development tried to incorporate environmental
issues along with socioeconomic challenges in planning policies. In order to understand about the state of,
or changes to, urban areas for achieving sustainable urban development different sets of indicators, a number
of frameworks and assessment tools have been employed (Shen, Jorge Ochoa, Shah, & Zhang, 2011;
Yigitcanlar and Teriman, 2015). Therefore, a wide range of indicators for monitoring sustainable urban
development is in use across the world, which varies according to their specific goal in different spatial
regions (Dobranskyte-Niskota, Perujo, & Pregl, 2007; Herva, Franco, Carrasco, & Roca, 2011; Hiremath,
Balachandra, Kumar, Bansode, & Murali, 2013). However, challenges in practically applying the
sustainability indicators have led to mixed outcomes in different spatiotemporal settings, which results in a
little to no gain in monitoring sustainable urban development (AtKisson, 1996; Herva, et al., 2011;
Yigitcanlar and Dizdaroglu, 2015). It has been argued that an inadequate selection of representative
indicators is one of the main reasons for failing to attain the desired outcomes in sustainability performance
(Buzási and Csete, 2015; Joumard, Gudmundsson, & Folkeson, 2011; Kasanko, Lavalle, Demicheli,
McCormick, & Turchini, 2002; Mitchell, 1996). Undoubtedly, the selection of right indicators with respect
to the relevance of their spatial and temporal scales plays an important role in achieving the desired results
for monitoring the sustainable urban development (Perveen, et al., 2016).
In summary, the transport impacts of urban growth policy may differ between the two levels of
analysis, and we have no way to predict what they are at the higher level given the values at the lower level
or vice versa (Dark and Bram, 2007). This is true for both the temporal and spatial scales. If impact
assessment of urban growth policies is based on such assumptions, there could be unpredictable and
undesirable future consequences. In view of the above discussion, this research examined the issue of scales
and it has been recognized that the complex interconnectedness of urban growth and transportation impacts
requires a multi-scale analysis. With this background of the research problem, the following key research
questions were raised to be answered for this research.
RQ1: How can urban growth indicators be determined in terms of context, space and time?
RQ2: How can alternative urban growth scenarios be developed?
RQ3: What are the possible transport impacts of alternative urban growth scenarios?
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1.3

RESEARCH AIMS AND OBJECTIVES
The main aim of this research is to assess the transport impacts of alternative urban growth scenarios

at different spatial and temporal scales in order to identify the sustainable urban growth policy. The following
specific objectives of this research are:
1) To conduct an extensive literature review for identifying the initial list of urban growth policies and a
list of transport impact indicators.
2) To verify transport impact indicators representative of different spatial and temporal scales for urban
growth scenarios
3) To verify the list of urban growth policies for alternative urban growth scenarios
4) To translate the descriptive futures (alternative urban growth scenarios) into visual representation
through GIS
5) To assess the transport impacts of the alternative urban growth scenarios at different spatial and temporal
scales
6) To identify the sustainable urban growth policy scenario

1.4

RESEARCH METHODS
The methodological approach of the research is focusing on the identification and proposing a

framework for the evaluation of different urban growth scenarios by assessing transport impacts at different
spatial and temporal scale. An extensive literature review was conducted to initially identify the urban
growth policies for alternative urban growth scenarios. Additionally, the initial list of transport impact
indicators was also identified through extended literature review. The initial list of policies and indicators
were then verified through Delphi survey process through stakeholders through stakeholder’s consultation.
Afterwards, the descriptive scenarios were converted into GIS base scenarios. The statistical and spatial data
were collected from the concerned government departments as discussed in detail in Chapter 3. The Traffic
Analyst transport model was used to evaluate urban growth scenarios for assessing transport impacts at
different spatial and temporal scales. Statistical analysis was performed to normalise and indexed the
scenario outcomes for identification of sustainable urban growth policy.

1.5

SIGNIFICANCE
This research focuses on scenario-based planning, and particularly, how transport impacts (time,

distance and congestion) can be reduced by selecting sustainable urban growth policies. Accordingly,
scenarios related to urban growth were generated and evaluated to assess transport impacts with the help of
transportation modelling exercise.
The overall scope of modelling transport impacts of urban growth scenarios is remarkably wide to
cover in a PhD research. Financial resources and time constraints are the limiting factors that should be taken
into consideration when determining a feasible scope of this research. However, for proposing a suitable
framework for assessing transport impacts of urban growth scenarios at a multi-level scale, this research
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encompasses all important aspects identified by the literature, stakeholder considerations and policies for
sustainable urban growth.
The research identified a list of key indicators and policy scenarios to promote sustainable urban
development. The method proposed in this research can be used by governments, planning and development
agencies, planners, developers, and concerned stakeholders to evaluate the future impacts of the policies.
Furthermore, the method used in this research undermined the limitations of previous methods and enhanced
the reliability of the selected method with a literature review. The product of this research can provide a
guideline for taking a forward step in urban growth management approaches.
The research is proposed to evaluate the urban growth scenarios of the SEQ region, however, the
research method and proposed policy can be applied to any region of the world subject to data availability.
Consequently, the aim of sustainable urban growth worldwide is possible to achieve by adopting the
proposed urban growth policies with improved environmental outcomes.

1.6

THESIS OUTLINE
This dissertation includes seven chapters. Following this introductory chapter, Chapter 2, the

literature review, presents an overview of the empirical studies that examine an association between transport
impacts and sustainable urban growth. Chapter 3 describes the dataset and methodology used to answer the
research questions. Chapter 4 provides the results of the Delphi survey for identification of alternative urban
growth scenarios. Chapter 5 discusses the results of transport impact indicators selection through Delphi
survey. Chapter 6 shows the scenario evaluation results and elaborates the selection process of sustainable
urban growth policies by assessing transport impacts. This chapter also demonstrated the model validation
and calibration results. Chapter 7 provides a synopsis of the major findings of this study, discusses the results
in policy terms, and concludes this research. It also provides suggestions for future work.
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2

2.1

INTRODUCTION
This chapter provides an overarching review of the existing literature on scenario-based urban

growth modelling. A scenario-based urban modelling process follows some specific steps including (1)
defining the scope of evaluation; (2) generation of descriptive futures—i.e. scenarios; (3) representation of
the descriptive scenarios in a way to facilitate a quantifiable assessment; and (4) evaluation of the scenarios
using models. Most previous studies on this topic reviewed only a part of the whole process and therefore
provide a narrow view of the construct. So far, no studies have reviewed this whole construct in a systematic
way in order to facilitate an uninterrupted understanding of the process. A detailed review of this overarching
process is important for two reasons: first, the scenario-based planning is increasingly being practiced in
policy circles (Weidenhaupt, Pohl, Jarke, & Haumer, 1998), and second, a thorough review of the process
would enable to identify the drawbacks of existing processes and therefore efforts can be made to improve
it and ultimately enhance the quality of decision-making.
The scope of this literature review is limited to the assessment of transport impacts of urban growth
scenarios. More specifically, the assessment of environmental impacts of transport has been prioritised given
its policy significance as discussed later. The review first identifies the challenges associated with scenariobased planning and then used these challenges as guiding principles to review the subsequent steps of the
evaluation process. This review placed a particular emphasis on answering the following two research
questions: (1) what are the strengths and weaknesses of existing methods that are utilised to assess the
transport impacts of urban growth scenarios? (2) What are the key areas to invest on for developing a more
efficient and effective method to assess the transport impacts of urban growth scenarios in space, and time?
In order to address these questions, the methodological approach of the study includes the identification and
critical review of the methods in relevant literature to generate urban growth scenarios and to evaluate
scenarios to assess transport externalities. It is evident in the literature that integrated land use and
transportation modelling and simulation offers possibilities to evaluate urban growth scenarios (Fertner,
Jørgensen, & Nielsen, 2012). Therefore, this review provides an insight into the use of integrated land use
and transportation models in evaluating alternative urban growth scenarios for the improved environmental
outcome of urban growth policies. This review study is carried out from February 2015 to December in 2017
in Brisbane, Australia. ‘Materials and Methods’ section of the chapter outlines a detailed methodological
framework as applied in this research in order to carry out the reviews. ‘Key research challenges in scenariobased urban growth modelling’ section identifies the research challenges of scenario-based urban growth
modelling. Using these challenges as review criteria, the results are presented in several subheadings within
‘Results and discussion’ section. Finally, ‘Conclusion’ section concludes the chapter.
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2.2

MATERIALS AND METHODS
A variety of keyword descriptors were used for literature search on academic databases such as

Scopus, ScienceDirect, Web of Science, Taylor & Francis Online, Google Scholar, and ProQuest. Among
these databases initially, Scopus and ProQuest are selected to capture relevant literature for this review. The
rationale behind this selection is that these two databases having covered most of the key literature
particularly in the fields of urban development, built environment, and environmental science. As the
objective of this study is to identify the studies to assess the transport impacts of urban growth scenarios,
initially a search term ‘urban growth scenarios and transport impacts’ was used to determine the key issues
associated with transport impacts of urban growth. This search returned 2840 journal articles in Scopus and
ProQuest databases published during the last 8 years—since 2011. These articles were further refined using
the ‘search within the result’ criteria, and by using ‘scenario-based planning’, ‘transportation and land use
models’, ‘scenario generation process’, ‘urban growth indicators’, ‘traffic simulation models” and
‘environmental impact’ keywords. This resulted in 680 journal articles and books. An initial screening of
these resources is undertaken by reading their abstract and introduction information. This resulted in
selecting 113 articles and books. An additional search of the term ‘review of scenario planning methods for
transport impacts’ and ‘review paper, scenario planning, transport impacts’ on the university (QUT) digital
library, ScienceDirect, Web of Science, Taylor & Francis Online, and Google Scholar database returned a
large number of significant articles. From this large pool of literature, the most relevant and credible
publications were included in this review—totalling to 368 key references. The majority of these reviewed
references were selected from the recently published peer-reviewed research journals and books listed in the
above-mentioned databases.

2.3

KEY RESEARCH CHALLENGES IN SCENARIO-BASED URBAN GROWTH
MODELLING
Modelling urban growth and associated impacts on scientific principles have emerged to strengthen

and quantify the future of urban policies and related planning actions (Sathish Kumar, Arya, & Vojinovic,
2013). Assessment of the possible impacts helps planners to regulate policy scenarios and their future
certainty (Ayad, Saad Allah, & Abd ElAzeem, 2012; Fertner, et al., 2012). Additionally, urban planning
support frameworks and modelling tools are gaining momentum with the recent advancements in the
technology domain. Academia, business managers, and policymakers are broadly using the scenario-based
methods as an instrument to gain knowledge of the future. Scenarios assist in the development of policies
through visioning of possible futures and making people aware of uncertainties in their decisions (Harries,
2003; Vacík, et al., 2014).
The scenario-based planning methods is a key instrument for urban planning because planning
policies are often undertaken for longer time spans—e.g. 10, 20, 50 years—and based on present-day
assumptions of future conditions and therefore involve a great deal of uncertainty to reach the policy goals
(Bracken, 2014; Solesbury, 2013). The conventional urban planning model—e.g. zoning of different land

Queensland University of Technology

11

Chapter 2: Literature Review
uses—employs trend projection as an approach for future development and therefore lacks the ability to take
into account uncertainties associated with urban development (Newman, 2001; Von Wirth, et al., 2014). As
a result, minimising uncertainty in the impacts of urban development is a major challenge for urban planners
(Storch and Downes, 2011). Other planning models such as those based on the Smart Growth and New
Urbanism movements (e.g. transit-oriented development, cluster development, compact city development,
and corridor city) are considered a way forward from the conventional model in minimising the externalities
of urban growth (Kamruzzaman, et al., 2014; Khodabakhshi, 2013; Minnery, 1992; Næss, 2001; Newton,
2000). However, rarely these urban planning models are tested against alternative city models to ascertain
their effects with some level of certainty.
Furthermore, the spatial scale of the natural processes and the urban activities are different. In most
areas of the world, the natural environmental processes operate on the larger areas than the areas of an urban
growth management (e.g. town, city or region). The environmental parameters of urban growth scenarios
cannot be evaluated on the similar scale due to the difference of change dynamics between environmental
systems as compared to the urban systems as described above. Furthermore, the representative indicators of
urban growth and environmental processes at all scales are difficult to find due to the change in system
dynamics at different scales. Mostly, the more aggregated the geographical scale (i.e. large scale), the more
slowly a system’s dynamics unfold; the less aggregated, the more quickly it responds to immediate events
(Corvalan, 2005; Alan W Shearer et al., 2009). Therefore, the evaluation parameters vary at different levels
of analysis, and there is no accurate way to predict what they are at the higher level given the values at the
lower level or vice versa. This is true for both the temporal and spatial scales. If urban growth policy’s
evaluation is based on such assumptions, there could be unpredictable consequences. Researches have been
examining the issue of scales, and it has been recognised that the complex interconnectedness of urban
growth components with environmental systems requires a multi-scale analysis (Dark and Bram, 2007). This
complexity points to our third and final challenge of modelling transport impact of urban growth scenarios:
does spatial scale matter in evaluating the impact of urban growth? Our hypothesis is that spatial scale is
important because certain impacts might be visible in some areas (e.g. locally) but may have a negligible
impact in a larger area. This raises a subsequent question in relation to time-unit: how long does a local-level
impact take to have a significant impact on a larger area?

2.4

RESULTS AND DISCUSSION

2.4.1

Urban growth management
Urban growth is the process of expansion of existing core areas as well as the emergence of other

peripheral cores (Smith and Floyd, 2013). It is a spatial process and is caused by many reasons like
population growth, economic growth, industrialisation, transportation development, government policies,
and housing demand and so on. The expansion of large cities and complex transformation of human societies
(i.e. agriculture to industrial societies) have been witnessed during the past two centuries (Rafiee, et al.,
2009). Urban growth may have both positive and negative impacts; however, negative impacts are generally
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more highlighted because urban growth is a non-revertible process and once takes places it is hard to
minimise the negative consequences (Bhatta, 2010; Duvarci, Yigitcanlar, & Mizokami, 2015;
Kamruzzaman, Yigitcanlar, Yang, & Mohamed, 2016). Research has indicated that effective urban growth
management policies have the ability to foster growth in a way that minimises externalities (Chakrabarty,
2001). Urban growth management, as defined by Porter (1997), is a dynamic process in which governments
anticipate and seek to accommodate community development in ways that balance competing for land use
goals and coordinate locally with regional interests. Desirably, urban growth management should
accomplish a physical planning matching with the economic conditions and the consequent demographic
needs. However, urban growth dynamics, conflicting interests of stakeholders and uncertainties of future
impacts, make it difficult to achieve such an outcome (Chakrabarty, 2001).
Historically, urban growth management has been dealt with land use allocation, functional zoning,
and provision of infrastructure issues (Abdel-Galil, 2012). Moreover, in the late twentieth and early twentyfirst centuries, urban planning generally focussed on the management of urban sprawl and congestion arising
due to industrialisation and suburbanisation (Healey, 2001). A number of alternative urban development
approaches under the new urbanism movement have been practised. These include dispersed city (continual
low-density suburban development), compact city (comparatively high-density, mixed-use city, based on an
efficient public transport system and dimensions that encourage walking and cycling), edge city (multiple
urban cores on peripheral suburbs of large cities), corridor city (growth along linear transportation corridors
originating from the CBD), fringe city (further growth predominantly on the fringe of the city), city cluster
development (promote economic growth on the regional level), and transit-oriented development (integrated
amenities and neighbourhood development within a walkable distance from public transport) (Choe and
Laquian, 2008; Kamruzzaman, et al., 2014; Sung and Oh, 2011). Porter (1997) describes urban growth
management as a practical form of urban planning. Therefore, the management practices in the alternative
urban planning approaches involve the evaluation of future growth impacts to minimise the planning
uncertainties (Abdel-Galil, 2012).
Scenario-based planning for urban growth management is a way to minimise the urban planning
uncertainty through a better understanding of the future impacts of policies (Storch and Downes 2011).
Potentially planners can assess the future impacts and suggest policies for better management by evaluating
scenarios through analytical tools and modelling (Beardsley, et al., 2009a). Kahn and Wiener (1967) first
used this technique in urban planning in 1967, and since then it has been adopted in planning as an effective
tool. The application of this method has been a common practice in recent years especially due to
technological advancements taking place since the 1990s (Thapa and Murayama, 2012). Lindgren and
Bandhold (2009a) indicate that the traditional planning approaches are passive or adaptive as compared to
the active and creative scenario-based planning approaches. Harries (2003) elaborated that strategic
decisions could only become robust when they are tested against a range of scenarios.
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2.4.2

Definition and types of scenario planning
Scenario-based planning is the testing and application of different scenarios to come up with a plan.

It is a powerful way to deal with uncertainties of the future associated with urban growth and has been a
common practice in recent years with technological advancements (Thapa and Murayama, 2012).
Researchers used scenario typology to define various scenarios in different areas of application (Van Notten,
2005). Scenario typology is a classification of scenario practices on the basis of purpose, the process of
development and issues for the different types of scenario methods. However, there exist no standard
typology of scenario planning and researchers often classified their types according to the objective of a
given application. Ducot and Lubben (1980) identified three types of application: (a) Exploratory—
anticipatory (i.e. given the causes, what the effects are, or given the effects, what the causes could have
been); (b) Trend—peripheral (not hypothetical—rely on estimation of scenario probabilities), and; (c)
Descriptive—normative (an ordered set of possible occurrences, irrespective of their desirability or
undesirability). Table 1 outlines these applications of scenario types in different studies. The exploratorydescriptive type has been most commonly applied in urban planning (Ducot and Lubben, 1980). Bishop,
Hines, & Collins (2007), in contrast, has outlined a typology of scenario planning approaches with eight
classes: judgment, baseline/expected, elaboration of fixed scenarios, event sequences, back-casting,
dimensions of uncertainty, cross‐impact analysis, and modelling based scenarios. These classes have again
been divided into 23 sub-classes. This study aimed to review all the approaches appeared in the literature for
scenario development in order to identify their strength, weaknesses and utility. Van Notten (2005) has
developed a series of typologies for three different themes of planning and includes: (a) Formulation of
project goal: exploration vs. decision support; (b) Process design: intuitive vs. formal, and; (c) Scenario
content: complex vs. simple. The first theme is dealing with project goal, scenario’s objectives and
requirement and can be divided into two—i.e. explorations and decision support systems. Exploration
scenarios contain awareness raising, the stimulations of creative thinking, and gaining insight; on the other
hand, decision support scenarios suggest concrete strategic options. The second theme is a process design
which is associated with the degree of quantitative and qualitative data used, or the choice for stakeholder
workshops, expert interviews, or desk research. It has two dimensions—the intuitive approach, and the
formal approach. The intuitive approach is qualitative scenario development and considers scenarios as an
art. Accordingly, the development of stories and storylines are important. On the other hand, the latter is
quantitative scenario development and uses quantified knowledge and computer simulation. The third theme
is scenario content. It addresses the nature of variables and dynamics in a scenario, and how they
interconnect. Complex scenarios deal with an intricate web of causally related, interwoven, and elaborately
arranged variables and dynamics, while simple scenarios may be limited to the extrapolation of trends.
Sometimes the latter can deliver a stronger message than the former.
In summary, the numerous definitions of scenarios types are of necessity vague and cannot cover
all the characteristics involved in scenario practices. Literature also reveals that there is no ideal typology
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which is generally acceptable as better or no. Given the nature of this study, it is, therefore, important to
generate exploratory-descriptive scenarios to answer the research question posed in the Introduction
section—i.e. how can suitable alternative policy scenarios for sustainable urban growth be developed?
Table 1: Type of planning scenarios
Name of planning scenarios

Type of scenario

Citation

A contiguous new town development

Exploratory-descriptive

Jun and Hur (2001)

A scenario with new towns (baseline)
One with no new towns (no-new-town scenario)

Exploratory-descriptive

Jun (2012)

Employment decentralisation scenarios

Trend—peripheral

Burke, et al. (2011b)

Scenario-A (“nothing changed/trend” scenario)
Scenario-B (TOD Regional Plan)
Scenario-C (Discouraging car use)

Exploratory-descriptive

Feudo (2014)

Industrial decentralisation

Trend—peripheral

Aysan, et al. (1997)

Historical growth scenario (HU),
Regional and urban planning scenario (RUP)
Ecologically sustainable scenario (ES).

Trend—peripheral

Hua, et al. (2014)

Scenario 1: Business as usual (S1)
Crisis (S2)
Innovation and sustainability (S3)

Exploratory-descriptive

Plata-Rocha, et al. (2011)

Business-as-Usual (BAU)
Low Carbon Scenario (LCS)

Based on Assumptions

Mittal, et al. (2015)

Baseline development,
Rapid development
Green land protection

Exploratory-descriptive

Tian and Qiao (2014)

2.4.3

Scenario-based planning for sustainable urban growth
The term ‘sustainability’ has been integrated into a number of ways with the term ‘urban’ since the

early 1990s (Roy, 2009). Few of the examples are ‘sustainable cities’ (Haughton and Hunter, 2004),
‘sustainable urbanization’ (Rahman, Alam, & Islam, 2008), ‘urban sustainability’ (Allen and You, 2002),
‘sustainable urban planning’ (Riddell, 2008), ‘sustainable urban form’ (Jabareen, 2006), and ‘sustainable
urban development’ (Hens and De Wit, 2003; Musakwa and Van Niekerk, 2015). Usually, these terms are
interchangeably used in the literature (Roy, 2009). However, there are some important differences. For
example, the term ‘sustainable city’ can be defined as a self-sufficient city that utilizes the resources
produced within the city independently (Chiesura, 2004). The term sustainable urban development refers to
the mechanism to achieve urban sustainability—i.e. urban sustainability is the desired development outcome
(Camagni, 1998). So far, the terms ‘sustainable urban development’ and ‘sustainable urban growth’ are both
used as synonyms to each other, as both terms refer to the same process. As described by Dizdaroglu and
Yigitcanlar (2016), sustainability is a manifesto for destructive human activities. The concept of
sustainability of urban areas has led to the self-contradictory term sustainable urban development.
Sustainability refers to maintaining the existence of the ecosystem and its services, while also providing for
human needs, whereas, in contrast, urban development refers to any activity that improves the quality of life
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by depleting natural resources and devastating natural areas (Dizdaroglu and Yigitcanlar, 2016; Yigitcanlar,
Dur, & Dizdaroglu, 2015). Therefore, the sustainable urban development concept is presumed as a solution
to minimize the environmental externalities caused by widespread urbanization on the ecosystem
(Yigitcanlar, Dur, et al., 2015).
Scholars define sustainable urban growth as a process of integrated development of all subsystems
(i.e. economic, environmental, and social) of urban areas without compromising the well-being of
communities while reducing the pressure on natural resources (Button and Pearce, 1989; Y. Liu, 2012).
Having said that, sustainable urban growth requires the active involvement of all stakeholders affecting (or
being affected by) urban growth including policy planners. Thus, the ultimate aim of sustainable urban
growth management is to find a balance between environmental, economic, and social aspects of urban areas
to minimize negative impacts of fast-paced urbanization on the natural system. In order to achieve this aim,
a holistic approach is required—as discussed in Section 2.1. While there is substantial agreement about the
theoretical definition of sustainable urban growth, a major challenge is the conversion of the theory into a
planning policy or standard of urban growth management practices (Jepson Jr and Edwards, 2010).
Institutions, urban planners and governments adopted various frameworks and assessment tools to
promote sustainable urban growth (Shen, et al., 2011). Sustainability indicators, composite indices and
integrated assessment models like multi-criteria analysis (MCA) are few examples of the tools used to
promote sustainable development (Ness, Urbel-Piirsalu, Anderberg, & Olsson, 2007). Recently, scenariobased planning has gained considerable importance as it facilitates the policy makers to foresee and mitigate
the conflicts among urban growth subsystems—i.e. environmental, economic, and social. Also, scenariobased planning let policy makers and governments to prepare for the uncertain future and prevent them for
the undesirable surprising outcomes of their urban planning policies (Dischinger and Jackson, 2006; Fertner,
et al., 2012; Gibson, 1975; Harries, 2003; Khakee, 1991; Oana, et al., 2011; Pearman, 1988). Among the
many challenges to achieve sustainable urban growth, addressing the prospect socio-environmental issues
required participatory and community-based planning. Consequently, researchers have used scenario-based
planning methods to produce alternative visions for managing urban growth in a sustainable way by
incorporating the socio-environmental issues.
Scenario-based planning practices highlight that it is impossible to predict one future that would be
the reality because it is unknowable and human adoptions play a significant role in developing the future.
Due to these reasons, futurists do not practice a single scenario but foresee several alternative scenarios.
Nonetheless, there are no set criteria for an ideal number of scenarios. Pillkahn (2008) explained that the
number of scenarios can range from two to 10 according to the definition, aim and scope of a project. Mostly,
scenario-based planning practices rely on three to five scenarios to model the impacts of urban growth
(Sakieh, Amiri, Danekar, Feghhi, & Dezhkam, 2015; Alan W. Shearer, et al., 2009; Shiftan, Kaplan, &
Hakkert, 2003; Tolley, Lumsdon, & Bickerstaff, 2001; Vermeiren, Van Rompaey, Loopmans, Serwajja, &
Mukwaya, 2012). P. Schwarz (1991) indicated that a large number of scenarios have a tendency to blur the
differences between scenarios and lose their meaningful distinctions as decision tools. On the contrary, fewer
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scenarios are not proficient to apprehend the complexity and uncertainty associated with future urban
growth. Therefore, multiple scenarios are essential for understanding the information outlooks about the
uncertain and challenging transformation of futures.

2.4.4

Methods of scenario generation
Scenario planning is a process by which scenarios are generated. It is a process for ordering

perceptions about alternative future in which today’s decisions might be played out (Verburg, Rounsevell,
& Veldkamp, 2006). Lindgren and Bandhold (2009a) point out seven criteria for defining a good scenario,
which include decision-making power, plausibility, alternatives, consistency, differentiation, memorability,
and ability to challenge. Studies reveal that the methods used to generate growth scenarios can be grouped
into seven main classes with further subclasses as shown in Figure 2. It is evident that the involvement of
stakeholder groups, professional disciplines, and system methods can provide support to discuss scenarios
for suggesting future urban growth policy (Alan W. Shearer, et al., 2009). These methods for generating
scenarios have been used to augment discussion on a vast range of fields—including transportation, water
use, agriculture, economics, energy, communications, environment, legal systems, health policy, technology
policy, security studies, and so on (see Table 2).
The adoption of a scenario generation method is specifically linked to the context and dependent on
the available information, and the expertise of stakeholders (Shearer et al. 2009). Therefore, the scenario
generation process should involve specific requirements and assumptions that govern or inform the future
vision. P. J. Schoemaker (1993) discussed this matter by indicating that the scenario generation process
should not involve bias due to the conflict of interest of various stakeholders. Among the many methods (see
Figure 2), the Delphi technique reveals its strength to create unbiased scenarios as it involves experts’
opinions from stakeholders through informed decision making (Rikkonen and Tapio, 2009). Delphi survey
is a systematic and interactive method for identifying scenario through structured communication among
experts. Since the 1950s, the Delphi techniques are applied to many areas of research extended from the
prediction of long-range trends in science and technology to applications in policy formation and decisionmaking.
Table 2: Evaluation of methods used to generate urban growth scenarios
Methods used

Scenario
numbers

Strengths

Weaknesses

Based on assumption

2, 3

Simplicity

Personal influence on facts
due to the particular
knowledge area

Past trend analysis

3

No calibration required

Temporal data dependency

Proposed by a group of
experts (expert
opinion)

3

Stakeholder
consultation

3

Effective storytelling to make
the consequences of different
alternatives policies
Effective storytelling to make
the consequences of different
alternatives policies
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et al., 2011)

Require time investment to
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Methods used
Informed qualitative
ranking through expert
opinions

Collaboration with the
planning department
(expert opinion)

Delphi technique

Scenario
numbers

Strengths

Weaknesses

References

3

Informed decision making

Pure accuracy in pinpointing
areas of future growth

(C. A. Jantz, et
al., 2004)

2

Successfully implemented in
practice

Personal’s Influence on facts
due to the particular
knowledge area

3

Iterative process, involvement
of multidisciplinary
stakeholders, anonymity (no
bias) or influence of an expert
on the outcomes

Need time and efforts to
involve desire number of
experts

(M. L.
Villarreal, L.
M. Norman, K.
G. Boykin, &
C. S. A.
Wallace, 2013)
(Cavalli-Sforza
and Ortolano,
1984; Radeljak
Kaufmann,
2016b)

Different techniques have been used to develop urban growth scenarios as shown in Figure 2 (X.
Feng, Zhang, & Fujiwara, 2009; Hua, et al., 2014; Tian and Qiao, 2014; Miguel L. Villarreal, et al., 2013).
Urban growth scenarios generated through assumptions are generally based on historical values and trends.
An expert or a group of experts, assuming a scenario can have a personal influence on the facts due to
particular knowledge area, which can mislead the outcomes of the scenario. More specifically, the past trend
analysis method relies on the temporal availability of data and involves great efforts, time and investment
due to dependency on past data. Other methods to generate urban growth scenarios involved stakeholder
consultation through the working group meetings, workshops and seminars. This method is helpful for both
scenario generation and consensus building because the selected stakeholders are knowledgeable on local
context. However, such a method suffers from external validity because of the narrow locally based
perception of stakeholders about sustainability issues. As a result, the outcome cannot be generalized given
that every context is different, and the method is tailored to fit for the unique situation (Pullin et al., 2016;
Susskind, McKearnan, & Thomas-Larmer, 1999). In addition, the method requires face-to-face interaction
among the stakeholder groups which can result in overly optimistic opinions with the possibility that the
voice of minority groups could suppress by influential actors. Likewise, these practices require reasonable
finance, time and effort to involve the desired number of experts in the scenario generation process.
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MEDIA-BASED
METHODS

Media scanning, Automated media watch, Targeted Internet search,
Netography, Trend-tracker groups, Keyword analysis, Content
analysis

INTERVIEW-BASED
METHODS

Delphi surveys, Delphic conversation: structured interviews,
Opinion polls, Long-range data, Focus groups, Expert panels,
Guruing, Peer views and professional networks, Executive panels,
Creative future groups, Future dialogue, Participatory future studies

TIMELINE-BASED
METHODS

Archetypal development patterns, Trend extrapolation through
time-series analysis, Multivariate analysis and multivariate time
series analysis, Analogies, Long wave, S-curve analysis, Paradigm
shifts

INTUITIVE,
GENERATIVE
METHODS

ACTOR-ORIENTED
METHODS

CONSEQUENCEFOCUSED
METHODS

SYSTEMS
METHODS

Brainstorming, Intuitive timeline construction, Headlines and
posters, Imaging, Future history, Paradoxes

Actor analysis/competitor analysis, Competitor watch, Value-chain
analysis

Issues management, Single-impact analysis (SIM), Consequence
tree, Future event production, Probability effects

Complexity and uncertainty analysis, Cross-impact analysis (CIM),
Four-field analysis, Systems analysis, System analysis as a tool for
learning, Systems modelling/dynamic simulation

Figure 2: Methods used to generate scenarios. Derived from Lindgren and Bandhold (2009a)

Table 3: Methods used to generate scenarios in empirical research in different fields
Method used

Citation

Field of
application

Strengths

Weaknesses

Personal’s involvement
through assignment
completion task for scenario
generation experiments

Ian R Newby-Clark,
Michael Ross, Roger
Buehler, Derek J
Koehler, & Dale
Griffin (2000)

Psychology
of scenario
planning

Scenarios
plausibility

Overly optimistic
predictions (bias)

Literature review, workshop
and brainstorming
techniques

Jarke, Bui, & Carroll
(1998)

scenario
management
frameworks

An interdisciplinary
framework for
scenario
management

Demand-driven research
through stakeholder
involvement

Storch and Downes
(2011)

Water
management

Informed decisionmaking

Personal’s Influence on
facts due to the
particular knowledge
area
Lack of tools and
methodologies to
instruct and inform
decision-makers

Collaboration with the
planning department (expert
opinion)

M. L. Villarreal, L. M.
Norman, K. G. Boykin,
& C. S. Wallace
(2013)

Urban
growth

Effective
storytelling to make
the consequences of
different
alternatives policies
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Field of
application
Surface
runoff and
water
quality

Method used

Citation

Past trend analysis

D. S. Kumar, Arya, &
Vojinovic (2013)

Extrapolation through
scenario matrix

Lauf, Haase, Seppelt,
& Schwarz (2012)

Housing
demand

Previous urban growth
trends with the addition of
authorities opinion (Delphi
Technique)

Correia, Da Silva, &
Ramos (1999)

Flood plan
management

Informed qualitative ranking
through expert opinions

Working group of
Stakeholders (Delphi
Technique)

Alternative futures analysis
through stakeholder
meetings

Claire A Jantz, Scott J
Goetz, & Mary K
Shelley (2004)
Nathaniel E Roth,
James H Thorne,
Robert A Johnston,
James F Quinn, &
Michael C McCoy
(2012)
Karen Beardsley,
James H Thorne,
Nathaniel E Roth,
Shengyi Gao, &
Michael C McCoy
(2009b)

Land Use

Strengths

Weaknesses

No calibration
required

Temporal data
dependency

Suitable for
deriving scenarios
and future
projections
A comprehensive
approach with good
institutional
collaboration
Accuracy improved
with well-defined
spatial units

Not spatially explicit

Complexity and lack of
coordination among
authorities
Pure accuracy in
pinpointing areas of
future growth

Agriculture
revenue

This method has
been successfully
implemented in
practice

Lack of field-level crop
classification data

Biological
resources

Simplicity

Require investment to
involve trained
personals

2.4.4.1 Delphi survey
Delphi survey technique is defined as a systematic method for the solicitation and aggregation of
informed judgments from a group of experts on a particular subject (Heiko, 2012). It enables structured
communication among a group of individuals allowing them, as a whole, to deal with a complex problem
effectively (MacCarthy and Atthirawong, 2003). More specifically, urban growth management involves an
engagement of diverse actors and Delphi technique lends itself suitable for such an engagement. It enables
the collaboration of a diverse group of experts through an iterative survey process as opposed to face-to-face
meetings. Susskind, et al. (1999) emphasized that consensus building exercise needs to be initiated by a
facilitator or a group of facilitators in a position to bring the key stakeholders together. In a Delphi process,
a facilitator or coordination team designs questionnaire which is sent to a group of selected experts. Thus, it
facilitates the involvement of geographically dispersed experts in the process and brings the external validity
of the scenarios. Furthermore, the Delphi technique ensures the anonymity of experts and therefore warrants
that the results are not biased due to the dominance of a single group/individual. Participants in Delphi
methods feel more comfortable in sharing their opinions on uncertain issues in an anonymous form, which
leads to a higher response rate compared to other group communication methods, such as seminars,
workshops, and working/focus groups. Besides, the notion of what constitutes a sustainable urban growth
management policy has been a subject of extensive debate, which cannot be identified by a precise analysis
technique. The underlying objective of the Delphi technique is to establish a consensus among a number of
experts. As opposed to relying on the judgment of one expert, the group consensus is a more credible
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approach due to aggregated weights and scores of different perspectives of experts (Chakraborty and Mishra,
2013). With the advancement of computer-based communication technologies, the Delphi technique offers
significant potential for enhancing consensus building. Obvious advantages include time savings and
increased convenience (Hemphill, McGreal, & Berry, 2002). Despite the benefits, the Delphi technique is
criticized for its purely expert-driven approach often overlooking actors, who own a problem in a particular
context (Alan W. Shearer, et al., 2009).
In summary, none of the scenario generation methods as reviewed in the previous section can
qualify all the criteria that need to be met—i.e. resource efficient, unbiased, externally valid, and contextsensitive. However, it is noted that (Rikkonen and Tapio, 2009), keeping all other factors constant, if a quick
and low budget synthesis is required and simple expert consultation is employed this is likely to be less
reliable than using expert elicitation using the Delphi method.

2.4.5

Transport-related externalities of urban growth
Urban areas are at the core of all economic activity, serving as the backdrop against which

organisations, people and governments exchange commodities, labour, services, technology and ideas. Most
of these trading necessitates the transportation of either people or goods. Nevertheless, while transportation
is crucial for providing a city’s essential functions, it generates externalities that are imposed on the
environment and society equally. Environment pollution, traffic congestion and accidents have been
identified as the three main negative externalities associated with transport (Shefer and Rietveld, 1997).
Indeed, transport-related externalities have become serious issues nowadays due to a global increase in urban
population which is creating an increasing demand for urban transportation at the cost of environmental
problems (e.g. air and noise pollution and fuel consumption) (Pasidis, 2017). Using smart vehicles with
increased fuel efficiency is not an effective solution for tackling these externalities as the use of the private
car is increasing at an unprecedented scale. Therefore, adopting urban growth policies promoting less travel
time, distance and congestion could significantly improve the stress society and environment (Perveen,
Kamruzzaman, & Yigitcanlar, 2017a; Perveen, et al., 2017b; Perveen, et al., 2016). In general, transportrelated externalities can broadly be categorised into transport, land use, environment, and economic
dimensions. More specifically, the aim here is to examine which of these externalities can be modelled with
subtle changes in spatial and temporal scales based on prior empirical studies on this topic and discuss in
detail in the following subsections.

2.4.5.1 Transport
De Vos and Witlox (2013) study indicates that transportation improvements, such as changes in
travel behaviour and time, have evident impacts on the built environment. Other recent studies focus on
investigating traffic-related build-up of heavy metals and volatile organics on urban roads and their
relationship with urban form and traffic patterns (F Dur and Yigitcanlar, 2015; Fatih Dur, Yigitcanlar, &
Bunker, 2014; Mahbub, Ayoko, Goonetilleke, & Egodawatta, 2011). These studies find a strong correlation
with urban density, car dependency and poor public transport provision and transport-related pollution. The
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increasing trend in the use of the private transport vehicles in developed countries has created many
problems, including congestion in cities, excessive use of fossil fuels, and high levels of greenhouse gas
emissions (Kamruzzaman, et al., 2015). The rapid growth in the use of the private vehicles, air pollution,
and congestion is also evident in particular cities of the developing countries (Gärling and Schuitema, 2007).
The growing industrialisation and urbanisation in developing nations are the root cause of the abovementioned problems, while the transport infrastructure and management failures are major reasons for the
same in developing nations (Seo and Kim, 2013). Mitigating the social and environmental impacts of
transport is crucial for the future of the world (Mehaffy, 2013; Pucher, Peng, Mittal, Zhu, &
Korattyswaroopam, 2007). In this regard, the urban extensions, which define the future lines of city growth,
require an effective and efficient urban transport system (Martínez and Mirás, 2009).

2.4.5.2 Land use
The unplanned urbanisation along with transportation corridors is also causing the transformation
of the land resources and the degradation of environmental quality (A. Kumar and Peeta, 2013). In order to
manage the urban transport conflicts, the trend of decentralisation (macro-centric to multicore) has been
emerging in many cities of the world. In this regard, Aysan, et al. (1997) examine the impacts on
transportation due to decentralisation by using dynamic Lowry model and scenarios through Transplan
modelling software. The outcome of this study supports the theory that the ‘self-sufficiency’ of urban areas
to satisfy the local population needs to play a significant role in reducing transportation impacts. Similar
studies, conducted by Walz et al. (2007) and Yigitcanlar, et al. (2007), highlight urban and travel selfcontainment issues of long-term urban development, and pinpoint capacity building as one of the major
challenges for concerned stakeholders. The additional challenge of urban planners is to provide efficient
infrastructure to anticipate future population growth while minimising the social and environmental impacts
(Morrow, Park, Randall, Sivasailam, & Son, 2013).

2.4.5.3 Environment
Transport is considered as the major cause of environmental degradation at local and global levels
at large (Button, 1994; Tan Yigitcanlar and Md Kamruzzaman, 2014). There is, however, significant
evidence showing the environmental damage caused by transport activities is highly associated with the
degree of urbanisation in any part of the world (Hatzopoulou and Miller, 2010).
Urban areas are the centre of production and consumption of natural recourses and are affecting the
ecological balance due to an improper deposition of by-products. Exposure to transport-related air pollution,
besides, may increase the health problems such as lung cancer, and respiratory and cardiovascular disease
rates (Ren et al., 2016). Additionally, Armstrong and Khan (2004) evaluate that apparently urban areas are
more prone to environmental disasters in the near future due to emissions from increased vehicle numbers
and travelled distances. Strategy development to combat urban environmental pollution is considered as a
difficult task due to the involvement of a wide range of policymakers and stakeholders with varying interests
(Kamruzzaman, et al., 2014; Nguyen and Coowanitwong, 2011). Similarly, it has been widely recognised
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that integration of environmental concerns associated with transport impacts into the process of urban growth
policy making is essential for sustainable urban development (Yigitcanlar and Kamruzzaman, 2015;
Yigitcanlar and Teriman, 2015).

2.4.5.4 Society and economy
Despite the environmental externalities of transport, there are impacts on socio-economic conditions
and urban forms/setting. A significant economic impact in term of transport cost is linked to infrastructure
and distance, such as mileage (De Vos and Witlox, 2013). As discussed in previous sections, transport plays
an important role in defining urban forms and therefore effects on spatial distribution of land use. The change
in land use plays an important role in travel distance, costs, and infrastructure investments. Additionally, the
transport generation and distribution points and routes changing over time due to the shifting of commercial
activities are contributing factors in socio-economic transformations of urban areas (Stead and Banister,
2003).

2.4.6

Indicator: definition and types
An indicator quantifies the feature of a phenomenon in an objectively verifiable way and

communicates in a simple way of the assessment (Bossel, 1999; Dobranskyte-Niskota, et al., 2007;
Hiremath, et al., 2013). A phenomenon could be an activity, a project, or a program. The features that are
assessed can be the current state, progress in, or results of, a phenomenon. Indicators also quantify
information by aggregating different data necessary to obtain reliable information about different features of
a phenomenon. Hence, they can be used to illustrate and communicate complex phenomena in a simpler
way (Herva, et al., 2011).
OECD defines indicator as ‘a parameter, or a value derived from parameters, which points to,
provides information about, describes the state of a phenomenon/environment/area, with a significance
extending beyond that directly associated with a parameter value’ (OCDE, 2003, p. 5). They represent the
summary of an enormous amount of data in a manageable quantity of meaningful information to be used for
decision-making (Marletto and Mameli, 2012; Musa, Yacob, Abdullah, & Ishak, 2015; Rossi and Gilmartin,
1980). Indicators are an imperative guide in decision-making process since they convert the variable
knowledge into easy-to-handle information units (Lähtinen, Myllyviita, Leskinen, & Pitkänen, 2014;
McCool and Stankey, 2004; Musa, et al., 2015; Santos and Ribeiro, 2015; Shen, et al., 2011; Vidal and
López-Mesa, 2006). Another frequently used definition of indicators is that indicators are quantitative
measures that can be used to translate and communicate complex phenomena in a simple way along with
trends and progress over time (Dobranskyte-Niskota, et al., 2007).
Indicators are primarily divided into two groups: simple (one-dimensional magnitude – e.g. travel
distance) and complex (different variables forming an index when combined – e.g. accessibility index)(Kar
et al., 2017). Indicators within these two broader classes are defined in several ways, such as based on the
scale of measurement (quantitative and qualitative), and state of measurement (process, performance/result)
(Booth, Sutton, & Papaioannou, 2016; Bossel, 1999; Boulkedid, Abdoul, Loustau, Sibony, & Alberti, 2011;
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Dizdaroglu and Yigitcanlar, 2016; Lähtinen, et al., 2014). Process indicators are used to monitor the number
and types of activities being carried out. Result indicators can be developed at the output, outcome and
impact levels. This study selected quantitative output/result indicators because impacts on transport are
considered as results of urban growth. The output indicators can help to measure the impacts of particular
policies and actions e.g. urban growth. Specifically, these output indicators help to monitor whether the
impacts of urban growth processes are positive or negative and their magnitudes (Rossi and Gilmartin, 1980).
These quantitative output indicators can be measured in a number of ways depending on the nature of the
study including ratios, numbers, percentages, fractions and so on.
The selection of indicators to assess the sustainability of a process and its outcomes is influenced by
a variety of technical (e.g. scientific variables) and normative (e.g. visions and goals) factors. The indicator
selection process also includes the specific determination of what needs to be sustained from the social,
economic, and political measures of sustainability. McCool and Stankey (2004) explained that the search for
indicators is guided more by what can be measured, such as a technical issue, than by what should be
measured, such as a normative issue. Technical factors, such as the scientific characteristics of indicators
either ‘descriptive’ or ‘reflective’, influence the indicator selection process. On the other hand, normative
factors, such as ethical, social, and policy implications, influence the indicator selection process in three
ways: (a) Possible alternatives; (b) Liabilities and uncertainties; (c) Strengths and benefits.
The selection of quality indicators can be obtained using systematic or non-systematic methods for
information collection (Boulkedid, et al., 2011). Systematic methods can be defined as a process used to
determine the viability of a project or procedure based on the experiential application of clearly defined and
repeatable steps and an evaluation of the outcomes. Basically, the goal of a systematic approach is to identify
the most efficient means to generate consistent, optimum results. A systematic approach is repeatable and
learnable through a step-by-step procedure. A non-systematic approach is a critical assessment and
evaluation of some, but not all data and literature that address a particular issue in an unorganized manner.
Non-systematic approaches such as case studies and reviews (unsystematic) are based on data availability
and real-time monitoring of the process. Although these approaches play an important role, they fail to
exploit much of the available scientific evidence. In systematic approaches, in contrast, indicator selection
relies directly on the available evidence, complemented when necessary with expert opinion to reach a
consensus (S. Campbell and Cantrill, 2001). Systematic methods enhance decision making by including
experts opinion (Hasson, Keeney, & McKenna, 2000) and facilitate the development of quality indicators to
analyse the process where the available evidence alone is insufficient (S. M. Campbell, Cantrill, & Roberts,
2000) or controversy (Fink, Kosecoff, Chassin, & Brook, 1984; Powell, 2003).

2.4.7

Indicators of sustainable urban growth
Sustainable urban development is a concept that has started to be adopted by planners as an ideology

or a development philosophy as early as 1970s (Geneletti, La Rosa, Spyra, & Cortinovis, 2017). Since its
formulation, the approaches for achieving sustainable urban development aimed to incorporate
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environmental issues along with socioeconomic challenges in growth management policies. In order to
understand about the state of, or changes to, urban areas for achieving sustainable urban development
different sets of indicators, a number of frameworks and assessment tools have been employed (Shen, et al.,
2011; Yigitcanlar and Teriman, 2015). These urban sustainability assessment frameworks and indicators
were developed to better inform urban management policy formulation and decision-making processes.
Today, a wide range of indicators for monitoring sustainable urban development is in use across the world,
which varies according to their specific goal in different geographic locations (Dobranskyte-Niskota, et al.,
2007; Herva, et al., 2011; Hiremath, et al., 2013). Fatih Dur, et al. (2014); (OCDE, 2003, p. 5) described an
indicator as a parameter, or a value derived from parameters, which points to, provides information about,
describes the state of a phenomenon/environment/area, with a significance extending beyond that directly
associated with a parameter value. An additional term composite indicator by definition refers to an
aggregate metric derived from a set of indicators. Composite indicators are based on a complex concept used
to define a set of multidimensional indicators by using mathematical and statistical tools.
During the last decade, researchers used various distinctive indicators and indices to analyse
sustainable urban growth. These indices included indicators such as: land use indicators (Kasanko, et al.,
2002); transportation indicators (Gilbert and Tanguay, 2000; Litman, 2007a); land-use and transport
integration indicators (Fatih Dur, et al., 2014); environmental indicators (AtKisson, 1996; Niemeijer and de
Groot, 2008); socioeconomic indicators (AtKisson, 1996); composite indicators (Josza and Brown, 2005;
Yigitcanlar, Kamruzzaman, & Teriman, 2015). Sustainability assessment indicators were employed as a tool
for analysing the urban growth impacts on the environment and as an policy formulating instrument to
identify a way for achieving sustainable urban development (Yigitcanlar and Dur, 2010). Furthermore,
sustainability assessment indicators are increasingly being used as a key instrument to monitor the humanenvironment interaction in the world. It provides valuable information to assess the performance of the
existing economic, social and environmental policies (F Dur and Yigitcanlar, 2015). In general,
sustainability indicators and indices are employed for four main purposes: (a) Providing information; (b)
Supporting policy-making; (c) Monitoring the efficiency and impacts (or outcomes) of policies, and; (d)
Increasing awareness by providing information on environmental externalities of urban development
(Dizdaroglu and Yigitcanlar, 2014). Besides its usability, existing sustainability indices are applicable only
on larger geographical units at the macro-levels from national to regional and international scales
(Dizdaroglu and Yigitcanlar, 2014).

2.4.8

Methods for indicator selection
Different techniques exist in the literature that can be applied to identify the space-time suitability

of the selected indicators in a systematic way including seminars, conferences and working group meetings
(McCool and Stankey, 2004; B. A. Williams and Matheny, 1998). Researchers used these systematic
methods alone or in combination in empirical studies as shown in Table 4.
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Table 4 also outlines the strengths and weaknesses of these methods. Among them, Delphi
technique has been widely used for the selection of quality indicators in different fields (environment, urban
planning, social science, economics and health) (Goodman, 1987; McCool and Stankey, 2004).
Table 4: Methods used to select indicators
Methods used

Strengths

Weighting and
aggregation

Allows trade-off among
indicators

Empirical (correlations
and factor) analysis

Statistical comparison of
quantitative indicators

Evaluative and Logical
Approach to Sustainable
Transport Indicator
Compilation
(ELASTIC)

Endeavours to be
stakeholder, and does not
incorporate any rules

Participative procedure
(workshops, seminars)

Direct participation of
citizens and stakeholders

Literature review

Large pool of available
indicators

Delphi technique

Iterative process,
involvement of
multidisciplinary
stakeholders, anonymity (no
bias) or influence of an
expert on the outcomes

Weaknesses
Momentary or static outcomes
Lack of stakeholder
participation
Limited input from literature
to select indicators and lack of
stakeholder participation
Stronger bias for indicators
with multiple implication
dimensions
Conflicts of opinions between
stakeholders and citizens due
to misunderstandings and
superficial responses
No coherence
between a set of indicators due
to different spatial scales.
Lack of stakeholder
participation

Need time and efforts to
involve desire number of
experts

References
(F Dur and Yigitcanlar,
2015)
(N. Schwarz, 2010)

(Castillo and Pitfield,
2010)

(Marletto and Mameli,
2012)

(Buzási and Csete,
2015)
(Cavalli-Sforza and
Ortolano, 1984; Geist,
2010; Goodman, 1987;
Z. Ma, Shao, Ma, &
Ye, 2011; McCool and
Stankey, 2004; Musa,
et al., 2015; P. L.
Williams and Webb,
1994)

The use of the Delphi survey has a long history in transportation research. Cavalli-Sforza and
Ortolano (1984) conducted a Delphi survey in California to predict the impacts of three alternative
transportation programs. Similarly, Still, May, & Bristow (1999) applied the Delphi technique for assessing
the transport impacts of different land uses in the UK. Furthermore, Shiftan, et al. (2003) constructed urban
development scenarios to examine the potential policy measures for sustainable transportation systems in
the city of Tel-Aviv, Israel. Delphi survey was deployed as an integrated framework along with other tools
by Y. Wang, Monzon, Ciommo, & Kaplan (2014) in order to study the future implementation of travel
demand management measures in Madrid. Overall, Delphi method in transportation studies has been
extensively used to generate alternative policy scenarios or to identify and select indicators through expert’s
involvement in a systematic way (Dobranskyte-Niskota, et al., 2007; Hayati, Majnounian, Abdi, Sessions,
& Makhdoum, 2013; Schuckmann, Gnatzy, Darkow, & von der Gracht, 2012).
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2.4.9

Methods for evaluating urban growth scenarios
Evaluation of urban growth scenarios is critical as more than half of the world population is currently

living in cities; this significantly impacts ecological process and socio-economic structure of the world
(Thorne, Santos, & Bjorkman, 2013). A number of integrated land use and transportation models are in
practice for evaluating urban growth scenarios. Fertner, et al. (2012) underline that transport and land use
modelling and simulation exercises offer possibilities to explore growth scenarios and also examine the
future impacts of alternative scenarios. There are a number of methods available to simulate urban growth.
Table 5 lists the most popular methods used and their strengths and weaknesses to evaluate urban growth
scenarios.
Many studies attempted to review the historical development and applicability of land use and
transportation simulation models for evaluating urban growth scenarios (Hunt, Kriger, & Miller, 2005;
Johnson and McCoy, 2006; Waddell, 2002). The enhanced modelling methodologies such as random utility
theory, entropy-based interaction, nonlinear optimisation, and bifurcation theory together with
computational advances have paved the way for the development of many dynamic land use transportation
models. Wegener (2004) reviewed 20 simulation models of transportation and land use interaction and
claimed that only ITLUP, MEPLAN, STASA, and TRANUS have multiple path assignments allowing for
route choice distribution. However, only TLUMIP and ILUTE use activity-based trip generation. The
Integrated Land Use, Transportation, Environment (ILUTE) model is developed by a consortium of
researchers from the universities of Toronto, in Canada. It represents an experiment in the development of a
fully micro-simulation modelling framework for the comprehensive, integrated modelling of urban
transportation-land use interactions, and, among other outputs, the environmental impacts of these in
tractions (Timmermans, 2006). However, the ILUTE model is no longer available for use. Therefore,
URBANSIM is the only state-of-the-art in land use and transportation modelling field (Waddell, 2002).
However, even though there are efforts to integrate URBANSIM with activity-based travel models, so far,
it does not have the capability to handle transportation modelling tasks adequately (Wegener, 2004).
Based on a comprehensive review of studies worldwide, findings suggest that rarely the available
integrated land use transportation models use an activity-based approach for travel demand analysis.
(Shiftan, 2008) discussed that it is highly important to analyse the daily activity pattern of individuals to
assess the impacts of different land use policies. Hence, activity-based transport demand models have
become the research frontier during the last two decades; several plans to develop activity-based simulation
models had been announced. However, Timmermans (2006) claims that no activity-based integrated land
use and transportation simulation model exists. Furthermore, the reviewed land use transportation models
are not able to represent the changes in the city’s environs over time as these models lack dynamism (Torrens,
2000). Additionally, the existing models are not the effectively responsive solution to public policy and are
failing to address environmental and social issues as well. Hunt, et al. (2005) reviewed in total six operational
urban land use and transport modelling frameworks (i.e. ITLUP, MEPLAN, TRANUS, MUSSA, NYMTC-
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LUM, and URBANSIM). This study was carried out to compare the recent transportation and land use
modelling methods with the question of what might be the accurate and effective approach. None of the
selected frameworks was found to be fully suitable as envisaged in terms of their poor representations of
physical systems and decision-making processes along with general modelling plus implementation issues.
The most significant shortfall in the reviewed methods was the reliance on a four-stage travel demand model.
The identified limitations of the four-stage travel demand model are that it ignores the fact that the demand
for travel is derived from the demand for activity participation (Jovicic, 2001). The four-stage travel demand
model only focused on individual trips (or tours), ignoring the spatial and temporal relationship between all
trips and activities completed by an individual. Another weakness of this model is that it considers an
individual as a decision-maker isolated from the household context. The alternate activity-based travel
demand model primarily relied on the travel demand derived from the activities (mainly economic).
Secondly, it relies on the human choice of travel time and cost linked to spatiotemporal constraints in
different locations (Bowman and Ben-Akiva, 2001). Notwithstanding these limitations and shortcomings,
these models were applied to assess the transport impacts of policy scenarios (Bowman and Ben-Akiva,
2001; Cervero, 2006; X. Feng, et al., 2009; Hatzopoulou and Miller, 2010).
Moreover, (Plata-Rocha, et al., 2011) explored the possibilities of scenario-based techniques using
cellular automata (CA) in urban growth management in the Madrid region. In this study, economic and
environmental impacts were considered, and the results showed discrepancies between land use scenarios,
environmental, and transport policies, which can cause irreversible impacts. Other modelling approaches for
urban transformation modelling include system dynamics, agent-based models, and spatial
economics/econometric models (Lauf, et al., 2012). However, among these models, the CA is frequently
used due to its integration quality with other technologies such as geographical information systems (GIS)
and remote sensing (Q. Zhang, Ban, Liu, & Hu, 2011). The identified drawback of the studied urban models
is the poor representation of social impacts in urban transformations. Moreover, the methods are failing to
capture the macro-scale socio-economic and environmental actors governing urban expansion (Tian and
Qiao, 2014).
Likewise, a number of urban growth simulation models like ‘Dynamic urban evolution model
(DUEM)’, ‘Slope, Land use map, Excluded area, Urban area, Transportation map, Hillside area (SLEUTH)’,
‘the multi-criteria evaluation (MCE)-CA model’, ‘the GeoCA-Urban model’, ‘Markov-CA model’, ‘the
Voronoi-CA model’, and ‘the multi-agent system (MAS)-CA model’ are in practice for urban growth
simulation. Knowingly, the SLEUTH model is more capable of projecting urban growth under various land
use development scenarios, but it lacks the adequate mechanism to simulate the potential impacts of urban
policies (Hua, et al., 2014). When explored further, SLEUTH model was incapable of dealing with direct
growth pressure and failed to address the real impacts of urban growth management policies. Another
drawback of SLEUTH model is its low spatial accuracy of coarser scale (C. A. Jantz, et al., 2004). Alshalabi, Billa, Pradhan, Mansor, & Al-Sharif (2013) discussed further limitations of the SLEUTH model
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like high dependency of results accuracy on the spatial data quality. Furthermore, he identified that the model
is incapable of recognising new urban development taking place away from the main urban areas.
Another model called MOLAND (Monitoring Land Use/Cover Dynamics) specialised in the
scenario-based analysis was investigated by Oana, et al. (2011) for land use and transportation simulation
modelling. This study identifies that MOLAND is not able to analyse each scenario and indicator in detail;
however, it only gives insights which can ultimately result in generalised decision-making rather than indepth applicability. Another effort was made by K. Bailey, et al. (2007), who developed a fuzzy logic-based
nonlinear visual preference modelling system known as casewise visual evaluation (CAVE). This model
mainly relies on a knowledge base designed and built on fuzzy set theory (FST). This study also identifies
that it is not efficient under conditions of sparse data ignoring details of urban growth parameters. Tian and
Qiao (2014) integrated agent-based model (ABM) with an analytical hierarchy process (AHP) method to
analyse the policy scenarios for future urban growth. The method used in this study determines that the
agents of urban expansion require a precise classification to consider the demand of varying income and age
groups. Moreover, the need for a more scientific approach to quantifying the decision-making behaviour
was recommended. Additionally, Song, Ding, & Knaap (2006) evaluated urban growth scenarios through
analysis of development indicators in GIS environment. In this study, the results uncertainty of evaluated
scenarios is identified as a major limitation. Moreover, Bartholomew and Ewing (2009) evaluated 80
projects based on scenario planning through Meta-Analysis (Statistical Methods) and identified that the
reviewed studies are not successfully addressing the environmental impacts of urban growth scenarios.
Table 5: Common methods used for simulating urban growth
Simulation Method
Multi-agent system
(MAS)

Research
H. Zhang, et al.
(2015)

Context
Lianyungang, China

Strength
Model helps urban
managers with macroagents

Weakness
Lacks the interaction
of policies with
micro-agents (scale
sensitivity)

Agent-based model
(ABM)

Tian and Qiao
(2014)

Guangzhou
Metropolitan Region,
China

Precise classification
of varying income and
age groups

Unable to quantify
the decision-making
behaviours, Lack of
detailed spatial data

Spatial multiple
criteria assessment
(MCA)

Y. J. Singh, et al.
(2014)

Arnhem Nijmegen
City Region,
Netherlands

Comprehensive
assessment of multiple
criteria

Data limitations

Slope, land use map,
excluded area, urban
area, transportation
map, hillside area
(SLEUTH)

Hua, et al. (2014)

Jimei District, China

Able to incorporate
differently

Lacks the adequate
mechanism to
simulate the potential
impacts on variable
scales using the same
data

Al-shalabi, et al.
(2013)

Sana’a metropolitan
city, Yemen

Allow effective
comparison of growth
pattern and processes

Very sensitive to the
spatial resolution of
data. It requires highend computing
capabilities
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Simulation Method

Research
C. A. Jantz, et al.
(2004)

Context
Baltimore and
Washington
metropolitan area,
USA

Strength
Relative ease in
computation and
implementation levels
of projection for
different areas

Weakness
the low spatial
accuracy of coarser
scale (suitable for
regional scale)

Land use and
transportation
integrated scenario
modelling (LUTI) and
Tranus

Feudo (2014)

North-Pas-de-Calais,
France

Comprehensive and
inclusive analysis

Failed to calibrate
Environment impact
data

Uplan Urban growth
model

Thorne, et al.
(2013)

San Francisco Bay
Area, California

It requires relatively
low levels of
parameterization for
simulating various
urban policies

Unavailability of
historic data and
thematic limitations
of maps
(classification of land
use in detail)

Cellular automata
(CA)

D. S. Kumar, et al.
(2013)

Roorkee, India

Highly suitable to
deliver the inputs of
the hydrologic models
on a temporal scale

Spatial uncertainties
of results due to
coarse data

Q. Zhang, et al.
(2011)

Greater Shanghai
Area, China

Integration quality with
other technologies like
GIS

Poor representation of
social impacts in
urban growth

Plata-Rocha, et al.
(2011)

Madrid, Spain

Supports better urban
growth management

Discrepancies
between land use
scenarios,
environmental and
transport policies

Multiple logistic
regression

Vermeiren, et al.
(2012)

Kampala, Uganda

Predict Impacts of
urban growth

Variance of results
accuracy among
regions using the
same method

Land change modeller
(LCM) within the
multi-layer perceptron
neural network
(MLPNN)

Thapa and
Murayama (2012)

Kathmandu Valley,
Nepal

Can predict the
impacts of land use
conversion

Only suitable for
modelling nonlinear
complex urban
dynamics

Monitoring land
use/cover dynamics
(MOLAND)

Oana, et al. (2011)

Greater Dublin
Region, Ireland

Integrate all relevant
aspects of scenarios

Not able to analyse
each scenario and
indicator in detail
(generalized results
due to limited
availability of data)

Casewise visual
evaluation (CAVE)

K. Bailey, et al.
(2007)

Louisville, Kentucky

Generate a useful
design preference
guidance from the
limited input
information

Not efficient under
conditions of coarse
data

Urban-Environmental
Simulation Model

Huang, Wong, &
Chen (1998)

Taipei Metropolitan
Region

Useful for analyzing
the dynamic interaction
and symbiotic
relationship between
urban growth and the
environment

A very basic model
which need
enhancement for the
study of a complex
hierarchy of urban
mechanism
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Land Use and Transportation Integrated scenario modelling (LUTI) was further studied by (Feudo,
2014). Using LUTI tool, he determines the global impact of data calibration as a major limitation.
Meanwhile, R. K. Singh, Murty, Gupta, & Dikshit (2012) applied spatial multiple criteria assessment
method to evaluate the scenario and identify that data paucity greatly affects in assessing the actual growth
impacts. Another scenario-based transportation and land use study was carried out by Chakraborty and
Mishra (2013) using GIS. The study concludes that variables of scenario-based modelling require further
efforts with additional sources to practically implement the results of the model. A different methodology
was adopted by Haslauer, Biberacher, & Blaschke (2012) for the development and analysis of scenarios by
refining existing methods through GIS-based backcasting approach. This study demonstrated the high
infrastructure cost, long-distance travel results in a decrease in environmental quality in the urban growth
process. Weng, Huang, & Li (2010) highlighted the benefits of GIS, 3D visualisation models for preparing
data and model execution for scenario generation in a spatial context. Furthermore, Brown and Affum (2002)
presented a GIS-based environmental modelling system for transport planners in determining the
environmental effects of transportation plans. This study illustrated the abilities of GIS to integrate the output
from a transport-related planning activity with land use to model the environmental impacts of different
scenarios.

2.4.10 Modifiable areal unit problem (MAUP)
An important issue identified in the urban growth impact evaluation studies is to tackle the variation
in results affected by spatial and temporal scales (Kwan and Weber, 2008). Understanding the modifiable
areal unit problem (MAUP) associated with scale effect is crucial for analysis of land use – transportation
interaction. The modifiable areal unit problem (MAUP) associated with scale effects is a well-recognised
problem in the literature (Dark and Bram, 2007; A Stewart Fotheringham, Brunsdon, & Charlton, 2000;
Kwan and Weber, 2008). The modifiable areal unit problem (MAUP) can be defined as the problem that, in
the analysis of spatially aggregated data, the results for some analyses depend on the definition of the areal
units for which data are reported (Brian A Mikelbank, 2010). Researches proposed many approaches for
handling the modifiable areal unit problem in urban growth management studies (Dark and Bram, 2007; A
Stewart Fotheringham, et al., 2000). Among many, one approach proposed by Openshaw (1996) is to design
spatial zones that are appropriate for the analysis being carried out. It is believed that the MAUP will be
solved if the analysts know the appropriate scale for the indicators they need to study. An alternative view
about the nature of the MAUP is that the use of GIS to define new zonal units or sets of zones at multiple
scales does not fully eliminate the problem. Frame-independent and scale-invariant methods do not produce
results and are dependent on particular sets of zones, or the spatial scale should be developed and used instead
(Kwan and Weber, 2008).

2.4.11 Limitations of existing methods of scenario evaluation
As discussed, aforementioned integrated land use and transportation models in scenario-based
planning are widely used due to their strength in simulating urban growth and predicting impacts of future
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urban growth. However, there are very limited applications specifically related to evaluating the transport
impacts of alternative urban growth scenarios on different spatial and temporal scales. It is evident in the
literature that the environmental degradation due to urbanisation is observed as a global phenomenon
(Dizdaroglu and Yigitcanlar, 2016; Dizdaroglu, Yigitcanlar, & Dawes, 2012; Duque and Panagopoulos,
2010). Previous attempts to assess the transport impacts of scenario-based urban growth have limitations in
integrating environmental concerns (Y. J. Singh, et al., 2014; Tian and Qiao, 2014). The study at hand is
largely motivated by a desire to reduce the environmental problems via evaluating the methods for
suggesting the more suitable urban growth scenario among many choices with minimum pollutant emissions
from transport. For achieving the aforementioned, clearly understanding the dynamic interaction between
transport, urban growth, environment and economy of cities and ‘cities efficiency’ is a critical task for urban
planning and development exercises (Gwilliam, 2002). As the literature reveals, there are many stakeholders
involved in a complex way in future urban growth, which are interlinked or interdependent on each other.
Despite the characteristic of their interaction and impacts in changing one another, there are policies (through
scenarios) that control the intensity of these impacts. Therefore, modelling efforts for measuring transport
impacts require a profound understanding of its association with other stakeholders of urban growth
scenarios. Furthermore, as discussed in the previous sections transport impacts are generally analysed on
regional scales for the present urban conditions which result in avoiding their eventual long-term impacts on
comparatively smaller areas (involving scale sensitivity) under varying urban growth scenarios. In other
words, the aforementioned urban growth methods in scenario-based planning are mainly widely used due to
their strengths in evaluating growth scenarios and predicting overall impacts of future urban growth.
However, there are numerous limitations specifically relating to results’ accuracy and variances on different
spatial scales (e.g. micro, mezzo, macro—ranging from parcel to neighbourhood and from city to region).
In this chapter, the literature review involved three layers of consideration, such as urban growth
scenario generation methods, scenario evaluation models, and assessment of transport impacts of generated
scenarios. The review findings indicate that during the past three decades, many studies have been conducted
using different approaches to evaluating urban growth scenarios, but most of them have operational and
practical difficulties. First, the reviewed methods of scenario generation are mostly based on assumptions
and trend analysis which have limitations related to behaviour issues and bias due to the conflict of interest
and knowledge of involved personals (P. J. H. Schoemaker, 1993). Besides, lack of data for trend analysis
and poor coordination among stakeholders is a major challenge when assuming urban growth scenarios
(Aysan, et al., 1997; Burke, Li, & Dodson, 2011a; Feudo, 2014; Hua, et al., 2014; Mittal, et al., 2015; Tian
and Qiao, 2014). Ideally, the key requirement for generating a good scenario is that the scenario generation
method should not introduce any bias into the solution (Ian R. Newby-Clark, Michael Ross, Roger Buehler,
Derek J. Koehler, & Dale Griffin, 2000). However, people involved in scenario generation tend to exaggerate
or underestimate the relevance of things that are known to them (Jarke, et al., 1998). In order to overcome
this problem, the Delphi survey method shows its strength and it can be improved by designing
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understandable and transparent methods for each participating stakeholder with a controlled checklist of
information.
Second, the reviewed integrated land use and transportation models for evaluation of urban growth
scenarios also have many challenges to practically implement the results of those studies. As the literature
review in this research reveals that excluding specific limitations of each method, the scenario evaluation
methods have some common problems. These limitations can be categorised into four groups:
multidisciplinary understanding (i.e. sub-model integration); selecting and gathering appropriate indicators
database; spatial and temporal scales; and difficulties in the application of complex modelling methods.
Another problem that arises as a limitation is the time constraint. It is a fact that the increased number and
quality of indicator data required more time to deal with the complex interaction among these indicators.
Researchers (Lindgren and Bandhold, 2009b; Thapa and Murayama, 2012) claim that scenario-based
planning approaches are way better than the traditional planning approaches for future urban growth.
However, many researchers believe that proposing a framework which can evaluate all variables of urban
growth at different spatial and temporal scales is a complex process which needs further exploration in deep
(Hua, et al., 2014; C. A. Jantz, et al., 2004; A. Kumar and Peeta, 2013; Plata-Rocha, et al., 2011). The
literature review presented in this chapter provides an awareness of the advantages and the disadvantages of
existing frameworks and knowledge about the issues to address further in research to find solutions to
overcome the limitations in previous studies.
As demonstrated in the review above, transport impacts are significantly associated with the cost of
the environment and urban sustainability (D. Hensher, 2002; Hu, 2015). Though the assessment of transport
impacts of present urban settings has been attempted earlier (De Ridder et al., 2008), these attempts did not
reflect the transport impacts of scenario-based policies rather they focused only on assessing the existing
urban conditions (Mittal, et al., 2015; Pearman, 1988; P. J. H. Schoemaker, 1993; Schroeder and Lambert,
2010; Stead and Banister, 2003). Therefore, the literature is short of studies that specifically evaluate and
compare the transport impacts of alternative urban growth scenarios. With this discussion, it is suggested
that further research is required to assess and compare the transport impacts of urban growth scenarios
associated with the environment, and socio-economic transformations.

2.5

CONCLUSION
Despite many benefits of urbanisation, it is often considered as a major hindrance for the urban

environment. A key element of urbanisation that substantially contributes to this effect is transportation. For
example, transportation sector alone is responsible for about one-third of the greenhouse gas emissions and
is the only sector that shows an upward trend. Therefore, the question is how we can accommodate urban
growth without deteriorating the environment. To answer this question, city planners have been adopting
various urban planning models (e.g. transit-oriented development, corridor development) aiming to
minimise transport externalities. However, rarely such models have been scrutinised based on scientific
approaches that can assess the likely future impacts of alternative scenarios within a model (e.g. high growth
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rate vs. low growth rate) or between models—an approach referred to as scenario-based planning in the
literature. Although a number of methods under the tagline of scenario-based planning have been developed,
a wider application of such methods in planning is still in infancy for a variety of reasons. This research
reviewed the state-of-the-art of the scenario-based planning methods in order to identify their strengths and
weaknesses in assessing transport impacts. In this chapter, a number of methods for scenario generation and
scenario evaluation for the assessment of transport impacts of urban growth scenarios are reviewed. The aim
of this exercise is, firstly, to provide insights on the strengths and weaknesses of the scenario-based planning
methods that are used to generate urban growth scenarios; and secondly, to assess the effectiveness of the
different models used to evaluate the impacts of scenarios for providing a guideline for further research. Of
those investigated in this review study, many land use and transportation models were able to predict the
future urban growth on the basis of present situations. However, the review revealed that most models do
not pay adequate attention to the social and environmental impacts of urban transformations—excluding
some such as Transportation and Environment Strategy Impact Simulator (TRESIS) (David A Hensher and
Ton, 2002).
These models, for generating scenarios, are applied in many diverse fields including land use,
transportation, environment, agriculture, economics, energy, health and so on. Most of the reviewed models
for evaluating urban growth scenarios have challenges specifically related to the representative indicators at
a different scale. Evidently, in the case of improving the spatial and temporal accuracy of data along with
improvised modelling techniques with validation, these methods can help urban planners assess transport
impacts of urban growth scenarios in detail and then inform policymakers to appropriate action. The
challenges of achieving results accuracy can be resolved by using multi-level analysis; this can be applied
to both temporal and spatial scales. Despite the different scale’s issues, most of the methods in existing
studies for scenario evaluations (e.g. integrated land use and transportation models) are data greedy and are
usually associated with an intense work of survey, analysis, and modelling. For instance, many integrated
land use and transportation models include an appropriate theoretical basis, but the availability of extensive
data for activity-based travel behaviours analysis is a critical question on the practical implementation of
these models.
The in-practice models excessively rely on static equilibrium assumptions rather than dynamic.
Studies also show that these models often lack the quality to grasp the economic, social, or technological
changes. Additionally, existing land use and transport simulation models do not apply state-of-the-art
activity-based modelling techniques. Furthermore, the traditional four-step travel demand model is not
suitable to analyse behavioural responses to the urban growth management policies.
One of the key solutions for addressing the identified challenges is to select an appropriate scenario
evaluation model, which has more strength and fewer weaknesses along with the practicality to achieve the
defined objective at its maximum. Three criteria can be applied in selecting the scenario evaluation model:
the theoretical basis, interoperability between variables (e.g. land use and transportation), and data
availability. A scenario evaluation model should have a good theoretical base and be able to incorporate all
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variables of land use and transportation. Ideally, the selected model should envisage land use supply and
demand, spatial and temporal resolutions, varying urban forms, transportation elements compatibility with
activity-based models, and land use, environment, and economic policies as well. It should be dynamic and
able to evaluate urban transformations. Since most of the data used for integrated land use and transportation
simulation model are derived from spatial GIS databases, the interfacing and interoperability between input
and output of land use and transportation data are necessary. In this study, a number of models are reviewed
on the basis of the above defined criteria to identify the best simulation modelling capabilities. ILUTE,
TRANUS, and URBANSIM are identified as significantly better simulation models through an extensive
literature review. Knowingly, ILUTE model is not available for others to use at this time and the
URBANSIM is still evolving to link activity-based travel demand model approach. Although TRANUS is
considered as an advanced and well-documented model, still there are some challenges to be met for its
applicability for scenario evaluation—such as calibration and sensitivity (see Dutta et al. 2012).
Transport models are of great importance in scenario-based forecasting studies, in practice for
modelling an infrastructural change to a national or regional master plan. Therefore, one of the main purposes
of transport models, and in particular of large-scale models, is their capability to forecast the transport
indicators over different time periods. The choice of using a large-scale transport model to run the analyses
aimed to increase the amount of evidence on the topic related to large-scale models. In particular, Traffic
Analyst model, despite being accurate and including state of art modelling solutions, is a flexible tool that
allows to model transportation at different spatial and temporal scales in a reasonable amount of time”. In
this study, the Traffic Analyst was chosen because, despite some criticisms, the four-stage model is still
widely used and outputs can provide enough information to allow selected policies assessment (Manzo,
Nielsen, & Prato, 2014). Traffic Analyst model as described by Rapidis (2011) is “essential geoprocessing
tools for transportation modelling and allows users of the ArcGIS/Traffic Analyst combination to create and
use state-of-the-art transportation models in ArcGIS’s very intuitive, flexible and productive environment”.
Therefore, Traffic Analyst simulation model developed by Rapidis is emerging as a better option among
many available models to evaluate urban growth scenarios at different spatial and temporal scales due to its
suitability for this area of research.
In conclusion, it is evident from the exposition in this review that for better urban growth
management practices to promote sustainable development, policymakers and planners need to understand
the impacts of their suggested policy scenarios. Furthermore, methods that aim to assess these impacts need
significant improvements through further research and development.

Queensland University of Technology

35

Queensland University of Technology

36

Chapter 3: Data and Methodology

Chapter 3: Data and Methodology

3

The primary aim of this research is to assess the transport impacts of alternative urban growth
scenarios at different spatial and temporal scales. In this regard, this chapter is proposing a methodology to
generate and evaluate urban growth scenarios at local, city and regional level for short-term, mid-term and
long-term impacts. The structure of this chapter is as follows. Section 3.1 is presenting the overview of the
conceptual framework for this research. The following section 3.2 is describing the selected study area for
this research. Section 3.3 is discussing the data required for this research. Additionally, the selection of
indicators is also discussed in this section. Subsequent section 3.3 is showing data collection and sources
including qualitative, spatial and attribute data from primary and secondary resources. Section 3.4 is
discussing the selection of data analysis model and evaluation method in detail following by a proposed
validation method. This section is broadly highlighting the key research tasks and activities. The last section
3.5 of this chapter is outlining the research implications and assumptions. Furthermore, the details of each
method are discussed under the respective chapters.

3.1

INTRODUCTION
The methodological approach for this study aimed to investigate the transport impacts of alternative

urban growth scenarios. This involves three major steps; a) Alternative urban growth scenario generation,
b) selection of transport impact indicators and c) Development and analysis of Transport Model. Figure 3 is
outlining the overall methodology in this study.
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Figure 3: Overview of research methodology
LITERATURE REVIEW AND GIS

DELPHI SURVEY

Urban growth SEQ Regional
Plan 2017

Demography

Urban Growth
Policies

Land use and
other parameters

Proposed
Urban Growth

Urban Growth Scenario
a) Business as Usual
b) Environmental
c) Economic
d) Balanced

Modified Transport
Network & Metrics

TRAFFIC ANALYST – TRANSPORT MODEL
Transport Impact
Indicators

Transportation network modelling

Transport Impacts for Urban Growth
Scenario a, b, c and d
Selection of Urban Growth Policy for
Sustainable urban growth

3.2

STUDY AREA
The South East Queensland (SEQ) region in Queensland, Australia (see Figure 4) has been

described as ‘the 200 km city’ (Chhetri et al., 2007). The region has been experiencing rapid urban growth
over the last few decades. It is the fastest-growing region in Australia and attracting on an average 55,000
immigrants each year (T. Li, Corcoran, & Burke, 2012). Historically, this region was characterised by
isolated, low-density urban developments with the spatially uneven distribution of settlements and industries.
The three main urban centres for SEQ are Brisbane, the Sunshine Coast, and the Gold Coast. In 2012, the
SEQ region accounted for about over half (51.7%) of the whole population in Queensland State (Chhetri,
Odgers, Kiwan, & Hossain, 2014). due to the dispersed settlement pattern in the region may face the loss of
natural areas along with commuting costs and heavy investments in urban infrastructure (T. Li, et al., 2012).
Therefore, to achieve sustainable urban development in the SEQ region, this study is attempting to identify
the urban growth policies with the least environmental externalities in future years.
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Figure 4: Study area – South East Queensland (SEQ), Australia

3.3

DATASET
In order to achieve research objectives and answer the research questions, the data required for this

research is identified on the basis of a literature review. The datasets required is categorised based on the
research questions and objectives to achieve as shown in Table 6. In general, the data is grouped into three
categories: 1) Qualitative data (Indicators & Policies); 2) Spatial and demographic data and 3) Transportation
modelling data. The following subsections providing details of the datasets and sources of data collection. It
distinguishes between primary (direct measurement) and secondary (derivation from other sources) data
capture for both spatial (geographical) and other data.
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Table 6: Overview of data collected to achieve research objectives
Research questions and objectives

Data requirements

Data type

Data source

RQ1: How can urban growth indicators be determined in terms of context, space and time?
•

To conduct extensive literature

List of transport

review for identifying the initial

impact indicators.

Qualitative data

•

literature review

•

Delphi survey

list of urban growth policies and
a list of transport impact
indicators.
•

To verify transport impact
indicators representative of
different spatial and temporal
scales for urban growth scenarios

RQ2: How can alternative urban growth scenarios be developed?
•

•

To verify the list of urban growth

Descriptive urban

Qualitative &

•

literature review

policies for alternative urban

growth scenarios

Spatial data

•

Delphi survey

growth scenarios

& Spatial Data

•

Australian Bureau of Statistics

To translate the descriptive

(ABS).
•

futures (alternative urban growth

Queensland Spatial Catalogue

scenarios) into visual

established by the State of

representation through GIS

Queensland (Department of Natural
Resource and Mines)

RQ3: What are the possible transport impacts of alternative urban growth scenarios?
•

To assess the transport impacts of the

Alternative urban

Spatial data,

alternative urban growth scenarios at

growth scenarios in

Transport

Transportation and Main Roads

different spatial and temporal scales

GIS. Demography,

Model and

(TMR)

Trip generation and

Attribute data

•

Queensland Department of

Queensland Spatial Catalogue

destination matrices,

established by the State of

a list of indicators

Queensland (Department of Natural

Transportation

Resource and Mines)
•

Analysis Zones

Data generated in research question
1 and 2 (as mentioned above)

To identify the sustainable urban

Outcomes of

Transport

growth policy scenario

evaluated results

Models for all

(Distance, Time and

spatial and

Congestion)

temporal scale

3.3.1

•

Scenario evaluation results through
16 transportation models

Qualitative data (Indicators & Policies)
An extensive literature review was done to identify the initial list of transport impact indicators and

a list of policies for sustainable urban growth under different scenarios. Qualitative primary data was
collected by using the Delphi survey method to generate a verified and validated list of transport impact
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indicators and policy scenarios based on the expert’s opinion. Both datasets (indicators and policy scenarios)
are discussed in detail in chapter 4 and chapter 5.

3.3.2

Spatial and demographic data
Spatial data are data that have a spatial component; it means that data are connected to a place in the

Earth. Geographic Information System (GIS) is an automated mapping system that uses computers to help
map and analyse data that exist on the earth according to their geographic location. With a GIS, you can
capture spatial information and store it, integrate it, manipulate it, analyse it and display it (William, 2016).
This spatial information is able to help the user make decisions and help resolve issues before "real-time"
events begin. Therefore, GIS allows visualise, understand, consult and interpret data to reveal relationships,
patterns and trends (William, 2016). All downloaded datasets were subset according to the study area
boundary. Table 7 is providing information about all spatial and demographic data layers collected in this
study.
Table 7: Data collected to achieve research objectives
Data layer

Description

Source

ABS data

ABS DataPacks contain data for Census geographical areas ranging
from Statistical Area Level 1 to the whole of SEQ Region. The
geography boundary files as well as demographic information is
collected from this dataset

Australian Bureau of
Statistics (ABS)
www.abs.gov.au

Baseline Roads
and Tracks

This dataset represents street centerlines of the study area developed
in compliance with the provisions of the Queensland Spatial
Information Infrastructure Strategy (QSIIS) Standard 3.

The State of Queensland
(Department of Natural
Resource and Mines)
Queensland Government
http://qldspatial.information.
qld.gov.au/

Biodiversity
Planning
Assessment

This dataset represents the South East Queensland
Biodiversity Planning Assessment. Biodiversity Planning
Assessments use existing data to assess ecological concepts such as
rarity, diversity, fragmentation, habitat condition, resilience, threats,
and ecosystem processes in a uniform and reliable manner across a
bioregion. The overall biodiversity significance is derived for each
spatial unit based upon combinations of this data. This information
provides an aid in environmentally sensitive areas assessment.

As above

Bushfire Prone
Areas

This dataset is the mapping of the Bushfire Hazard Area
(Bushfire Prone Area) developed by the Commonwealth Scientific
and Industrial Research Organisation (CSIRO) in conjunction with
the Queensland Fire and Emergency Service (QFES) and Queensland
Fire and Emergency Services (PSBA).

As above

Cadastral data

The Digital Cadastre DataBase (DCDB) is the spatial representation
of the property boundaries in Queensland and their related property
descriptions. The data provide detail of urban and built areas for this
study

As above

Development
areas

This dataset represents Development Areas for Queensland Regional
Plans. The regional plan outlines Development Areas (DAs) within
the Urban Footprint where future growth is expected. The dataset is
produced from the Digital Cadastral Database (DCDB), sourced from
the Department of Natural Resources and Mines.

As above
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Data layer

Description

Source

Erosion prone
areas

This dataset is a merger of the Indicative Erosion Prone Area
components: Sea Level Rise, Calculated Distance and 40m on
highest astronomical tide line (HAT)

As above

Floodplain
Assessment
Overlay

This dataset represents Queensland Floodplain Assessment Overlay
(QFAO) represents a floodplain area within drainage sub-basins in
Queensland. It has been developed for use by local governments as a
potential flood hazard including 10-metre contours, historical flood
records, vegetation and soils mapping and satellite imagery.

As above

Forest Products
quarry areas

This dataset provide spatial information describing quarry material
management units which denotes quarry resources managed by the
Department of Agriculture and Fisheries (Forest Products unit) under
the Forestry Act 1959, including areas currently subject to a sales
permit under the Forestry Act 1959, areas where a sales permit is
proposed to be issued and identified potential quarry resources.

As above

Gazzetter

This dataset provides a list of approved place names as per the Qld
Place Names Act 1994.

As above

Habitat

This dataset provided a modelled potential habitat layer for selected
threatened and priority species in Queensland.

As above

Highest Tides

This dataset provided the highest astronomical tide line (HAT); an
approximation of the land tidal water interface at the highest water
level that can be predicted to occur under any combination of
astronomical conditions.

As above

Koala planning
areas

This dataset provided the Assessable Development Areas and Koala
Habitat Values of South East Queensland. These areas are
defined as the South East Queensland Koala Protection Area.

As above

Land use 2017

This dataset is a digital map of the most recent land use of
Queensland. Land use is classified according to the Australian Land
Use and Management Classification (ALUMC).

As above

Landmark areas

This dataset shows the extent and names of Abattoirs, Detention
Centres, Educational Institutions (e.g. Schools, Universities)
Hospitals, Oil Refineries, Power Generation Facilities, Scientific
Facilities, Sugar Refineries and major Tourist Attractions.

As above

Locality
Boundary

The locality boundaries dataset is the spatial representation of
bounded localities (includes suburbs) of Queensland. These are the
official locality names and boundaries used for addressing.

As above

Management
areas for
emission and
hazards

This dataset represents the management areas for the purpose of air,
noise and hazardous materials.

As above

Natural
Conservation
Act protected
plants flora
survey

This dataset represents the high-risk areas, under the Nature
Conservation Act 1992, where plants classed as endangered,
vulnerable or near threatened wildlife are present or are likely to be
present.

As above

Nominated coal
areas

This dataset represents the Identified future land release areas for
coal exploration

As above

Potential
commercial
areas

This dataset provides the boundaries of Potential Commercial Areas.

As above
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Data layer

Description

Source

Priority
agricultural area

This dataset represents the Priority Agricultural Area (PAA) as
identified within the SEQ

As above

Priority
economic
development
areas

This dataset provides the location of Priority Development Area
(PDA) declared by the state government to facilitate the development
of land for economic development or community purposes.

As above

Priority living
areas

This dataset provides the location of identified Priority Living Areas
(PLA) as within the South East Queensland Regional Plan
2017(ShapingSEQ)

As above

Proposed
regional plan
2016

This dataset represents the draft SEQ Regional Plan 2016 Regional
Land use Categories, composed of three land use categories: 1)
Regional Landscape and Rural Production Area 2) Urban Footprint
and 3) Rural Living Area

As above

South East
Queensland
Regional Plan
2009-2031

This dataset represents the SEQ Regional Plan 2009 -2031
Regional Land use Categories, composed of three land use
categories:
1) Regional Landscape and Rural Production Area
2) Urban Footprint
3) Rural Living Area

As above

protected areas
QLD

This dataset represents the protected areas for the conservation of
natural and cultural values and those areas managed for production of
forest resources, including timber and quarry material.

As above

Regional
Boundaries

This dataset provides the DILGP regional boundary dataset shows
the regional service division boundaries for the Department of
Infrastructure, Local Government and Planning.

As above

Residential
Land supply

This dataset provides the Queensland Government residential land
supply study quantifies the amount of land, which is predominantly
greenfield (undeveloped), available for future residential
development.

As above

storm tide high
hazard

This dataset provides the Storm Tide Inundation Area (Area
including projected climate change impacts to 2100). The high
hazard area is that area inundated by water greater than 1.0 metre in
depth.

As above

Strategic
Environmental
Areas

This dataset provides the location of Identified the Strategic
Environmental Areas (SEA). SEAs identify areas where the impact
of a prescribed activity will not result in a widespread or irreversible
impact on an environmental attribute of a strategic environmental
area.

As above

Urban restricted
areas

This dataset provides the location of the urban restricted access areas.
A restricted area is a land specified by Schedule 3 of the
Mineral Resources Regulations 2003.

As above

Knowledge and
technology
precinct

This dataset is providing locations of knowledge and technology
precinct from ShapingSEQ Plan. ShapingSEQ defines knowledge
and technology precincts as “areas that contain a core high-level
health, education, research or similar facility, that provides
opportunities for complementary and supporting activities, and for
development of these activities to intensify over time.”.

Regional and Spatial
Planning, Department of
Infrastructure, Local
Government and Planning
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Data layer

Description

Source

Major enterprise
and industry
area

This dataset is providing locations of Major enterprise and industry
area from ShapingSEQ Plan. ShapingSEQ Plan describes major
enterprise and industrial areas as “areas to accommodate mediumand high-impact industries and other employment uses associated
with, or with access to, state transport infrastructure”. These areas are
major drivers of economic growth

Regional and Spatial
Planning, Department of
Infrastructure, Local
Government and Planning

Regional
Activity Centre

This dataset provides regional activity centres based on ShapingSEQ.
These areas include identified regionally significant centres that are
highly accessible and contain concentrated business, services and
facilities for employment, research and education, as well as higher
density residential development.

Regional and Spatial
Planning, Department of
Infrastructure, Local
Government and Planning

3.3.3

Transportation modelling data
Transport simulation models are extensively used in the world to provide assistance in the strategic

decision making by analysing transport indicators like traffic volumes, travel distance, time and congestion.
Transport modelling tools help to assess current and future transport situations and impacts at macro, meso
or micro scale (Hildebrand and Hörtin, 2014). Therefore, transportation modelling was selected to simulate
the transport impacts of urban growth scenarios in this study. The transportation model developed by the
Department of Transport and Main Roads (TMR) - Queensland Government is entitled as SEQSTM model.
SEQSTM is a traditional strategic road-based network model, suitable for forecasting differences of demandbased network performance for a range of options and strategic choices. The SEQSTM transportation model
data was acquired for the year 2016, 2021, 2031 and 2041.
Table 8: Data extracted from SEQSTM to input in Traffic Analyst model
Data Layer

Description

Source

Links

The Link feature class. The feature class representing the
transportation link’s geometry and attribute information.

Department of Transport and
Main Roads (TMR) Queensland Government

Nodes

The Node feature class. The feature class connecting the links from
location I to location j (describe connectivity).

Connectors

The Connector feature class. The feature class produce the
connectivity link between the traffic analysis zones and
transportation network (links and nodes)

Centroids

The Centroids feature class represents travel between zone pairs
(zone to zone traffic information)

Traffic
Analysis Zones

The SEQ area is described by dividing it into 1734 zones. These
traffic analysis zones linked with the demographic information and
use in trip generation and production matrices.
Travel patterns (traffic volumes) are described as trip matrices,
describing the number of trips between each pair of zones (zone-tozone trip matrix).

Trip Matrices

Demography

Socio-economic data – associated with the zones provides
information regarding population, workers, working places, trip
purposes etc.

A ‘Student Intellectual Property and Confidentiality’ deed was signed between the Queensland
University of Technology (QUT) and the researcher (student). Another deed entitled as ‘Acknowledgment
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of Obligations and Confidentiality Deed” was also signed between researcher, QUT and TMR for the
acquisition of data. The SEQSTM model is developed by using a commercial software INRO Emme, which
was not available at the university software resources. Therefore, the SEQSTM model data was extracted to
be used as input for building SEQ Transport Model in Traffic Analyst tool developed by Rapidis. The Traffic
Analyst tool is a freely available tool which is capable of simulating transport by using four stage
transportation modelling. The layers extracted from SEQSTM models are listed in Table 8.

3.4

METHODOLOGY

3.4.1

Delphi survey
This research applied Delphi as a preferred method for the generation of alternative urban growth

policy scenarios as well as for verification of the list of transport impact indicators. The procedure applied
in this research is outlined in Figure 5 and discussed in the following subsections.
LITERATURE REVIEW
-Selection of indicators
-Selection of policies

-Screening of indicators in
relevance to transport impacts
-Screening of policies
relevance to sustainable urban
growth under different
scenario

Initial List of Indicators &
Policies

Final list of Indicators &
policies for Delphi
Questionnaire
Development and Pre-Testing
of Questionnaire

Identification of Experts

Delphi Study – Round 1

Analysis of Round 1 Data

Operationalisation
of Round 2
Analysis of Delphi Survey
Responses

Results
a) List of Key Indicators
b) list of urban growth policy scenarios

Figure 5: Outline of Delphi research methodology
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3.4.1.1 Delphi survey questionnaire development
A questionnaire was developed with two separate sections i.e. section A for indicator’s verification
and section B for policy scenario’s validation through expert’s opinion. The detail of each questionnaire is
further discussed in chapter 4 and chapter 5, respectively. Also, the questionnaires are included in the thesis
as Appendix D and Appendix E.

3.4.1.2 Identification of experts
The next step of the process was to identify relevant experts for this research. An identification of
relevant experts is important in order to elicit knowledge and opinion from a broad cross-sectoral perspective
on transport impacts. This is a critical step in a Delphi survey because the validity of a survey result relies
on their judgement. This research used three criteria to select the experts: (a) Relevant experience and
expertise measured in terms of their years of experience; (b) Geographical diversity for the external validity
of the selected indicators; (c) Sectoral diversity has given that the indicators cover a wide range of sectors.
A list of top-100 experts in the field was prepared by reviewing their online profiles. Particular emphasis
was placed to select experts from the following disciplines:
•

Urban planning practitioners;

•

Transportation practitioners;

•

Economic development practitioners;

•

Environment planning practitioners;

•

Social planning practitioners;

•

Academics in above-mentioned fields.

3.4.1.3 Experts’ profile
Figure 6 and Figure 7 illustrate the background profile and geographical distribution of the experts
participated in the Delphi survey, respectively. The prevalent groups of panellists (24.1% each) were
academics and urban planning practitioners, followed by transportation planners (20.7%) and
environmentalist (13.8%). A lower representation of economists (10.3%) and social planners (6.9%) was
probably due to their understanding that the topic is not directly linked to their area of expertise. Spatially,
the panellists were based in Australia (31%), Asia (24.1%), Europe (20.7), the USA (10.3%) and Africa
(13.8%). From a geographically dispersed and multidisciplinary expert’s panel, the outcome of the Delphi
survey was improved due to a fair collection of information and opinions from different regions of the world.
Significantly, expert’s participation from different spatial regions with diverse expertise and knowledge
provided a valuable input and critical insight into the indicator’s and policies verification process.

Queensland University of Technology

46

Chapter 3: Data and Methodology

Figure 6: Background profile of the experts

Figure 7: Geographical location of the experts

3.4.1.4 Operationalisation of the Delphi survey
The Delphi survey was conducted in two rounds. In Round 1, the importance and rating of the
indicators and policies were assessed in terms of consensus level among the experts. In Round 2, feedback
was given to the experts in terms of the consensus level achieved in Round 1, and the research sought further
opinion whether the experts agreed with the consensus level. Further details of these rounds are outlined
below.

3.4.1.5

Round 1
An email invitation was sent to the identified 100 experts with a link to the survey questionnaire in

late October 2016. A reminder email was sent to the experts, who had not responded by November 2016. A
second reminder email was sent in early December 2016. The first round of the survey closed in late
December. Out of 100 experts invited, 35 agreed to participate and 29 had successfully completed the survey,
yielding a response rate of 29%. The sample size was found to be representative of previous studies using a
Delphi survey as shown in Table 9.
Despite the benefits of the Delphi technique, addressing non-response is a critical issue in the
literature (Hsu and Sandford, 2007). This is because non-participation of qualified experts can limit the
robustness of the information gathered through a Delphi survey. This research applied a range of techniques
to address non-response bias in the data based on the literature as outlined below: (a) Multiple follow-up
contacts were made with the potential participants to increase the response-rate (Heberlein and Baumgartner,
1978); (b) Despite the literature suggests increasing the sampling frame by including additional experts based
on confirmed non-participation, such an approach was not applied in this research because the initial
sampling frame contains a list of all potential experts for this study (Yousuf, 2007); (c) Number of openended questions were kept minimum in order to maximise the number of responses (Custer, Scarcella, &
Stewart, 1999); d) Deadline was set to participate in the survey (Dillman Don, 2000); (e) Although an
offering of incentives to participants can increase the response rate in a Delphi survey (James and Bolstein,
1992), such an approach was not utilised in this research due to limited resources.

Queensland University of Technology

47

Chapter 3: Data and Methodology
Table 9: Sample sizes used in Delphi surveys
Round 1

Round 2

sample size

sample size

Sustainable urban growth

19

19

Urban planning

57

39

Hayati, et al. (2013)

Land use and transportation

9

9

Cavalli-Sforza and Ortolano (1984)

Land use and transportation

17

12

Urban sustainability

20

20

Land use and transportation

30

30

Land use scenarios

18

10

Still, et al. (1999)

Transportation

18

18

Shiftan, et al. (2003)

Transportation & Environment

20

20

Y. Wang, et al. (2014)

Transportation

99

81

Musa, et al. (2015)

Environment

34

31

Kiba-Janiak (2016)

Transportation

20

20

References

Field of study

Hemphill, et al. (2002)
Spickermann, Grienitz, & von der
Gracht (2014)

Manoliadis, Tsolas, & Nakou
(2006)
Cavalli-Sforza and Ortolano (1984)
Radeljak-Kaufmann (Radeljak
Kaufmann, 2016b)

3.4.1.6 Round 2
The objective of the Round 2 survey was to try to reach a consensus in the rating and ranking scores
given by the experts on each question in Round 1. As a result, the feedback provided by the experts in Round
1 were analysed first to identify the indicators and policies that already reached a consensus and the
indicators/policies that did not. Summary statistics showing the consensus level measured by median score
and expected probability (EP) of occurrence on a scale 0-100% from Round 1 was provided with each
indicator and policy for all spatial and temporal scale. To calculate EP, a frequency distribution table was
generated for each question and EP was calculated by using the following formula for every response
category i.e. very low, low, medium, high and very high on the 5-Likert scale:

EP (category) = Response frequency for category/ Maximum number of possible responses
category x 100

In the present study, the response frequency varied from 0 (no expert chose a category) to 29 (all
experts chose a category). For example, as evidence in this research, the frequency distribution for the ‘mode
of transport’ indicator on a 5 Likert scale was found to be: very low = 1, low = 5, medium = 4, High = 9,
very high = 10. As per the given formula, the response frequency for each category was divided by the
maximum number of possible responses in this survey which is 29. The resultant values were then multiplied
by 100 in order to convert it to a percentage on the scale of 0-100, where 0 represent no probability and 100
represents the maximum probability of responses. If 50% experts on a particular spatial or temporal scale
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rated an indicator or policy as ‘highly important’, that indicator was assumed to reach a consensus for that
scale based on the literature (Heiko and Darkow, 2010; Schuckmann, et al., 2012).
The questionnaire in the second round contained only those indicators and policies that had not
reached a consensus. Experts were asked to provide their opinion on the statistical summary provided by
asking the following question: ‘to what extent do you agree or disagree with the scores’ based on a 5-point
Likert scale (1-Strongly disagree to 5-Strongly agree). An email was sent to the 29 experts who participated
in Round 1 of the survey requesting to participate in Round 2 in February 2017. A reminder email was sent
in March 2017. All 29 experts completed the questionnaire in Round 2 by March 2017, yielding a 100%
response rate. The responses were analysed to identify the consensus level in Round 2. Overall, it was felt
that a third round of the survey would not add to the understanding provided by the first two rounds and thus
the survey was concluded.

3.4.1.7 Analysis of Delphi survey responses
This study used rating for indicators and ranking for policy scenarios. Similarly, the analysis criteria
are not exact for both parts of the survey responses. Therefore, the analysis criteria for policies and indicators
are discussed in detail in their respective sections in chapter 4 and chapter 5, respectively.

3.4.2

Scenario conversion to GIS
The descriptive scenarios generated through Delphi survey were converted into GIS Scenarios for

further analysis. Four alternative urban growth scenarios (see Figure 8) were generated and evaluated in this
study as;
a)

Business-as-Usual scenario

b)

Environmental scenario

c)

Economic scenario

d)

Balanced scenario

SEQ regional plan data used as Business-as-Usual scenario. For Environmental Scenario, all the
data related to land use; environment and other relevant information were downloaded and considered when
editing the Business-as-Usual scenario. The areas proposed as future urban growth on environmentally
sensitive areas were removed and replaced at nearby areas on suitable locations as per Environment scenario.
For Economic scenario, the following data from the 2017 regional plan were used to locate urban
growth areas. The changes were made in Business-as-Usual scenario to promote more growth areas based
on Economic scenario policies. New commercial and employment centres were generated in addition to the
existing following centres in Business-as-Usual scenario.
•

Knowledge and technology precinct

•

Major enterprise and industrial area

•

Regional activity centres network

•

Regional economic cluster
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For Balanced (Environment + Economic) scenario, a compromise level of changes in Economic
and Environment scenario was used to mark urban growth areas based on policies proposed in Balanced
Scenarios. Priority was given to the environmental scenario modified with the use of Economic scenario.
Therefore, the Environmental sensitive areas remain conserved but new economic growth centres were
incorporated from Economic scenario in the Balanced scenario.

Figure 8: SEQ urban growth scenarios
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Furthermore, for all scenarios, demographic data were used to understand the density of population
and workplaces to locate new urban growth areas. In Economic and Balanced scenarios, there were few
changes at the spatial distribution of urban growth areas as compared to the Environment scenario; rather
there were changes in the demography as well as trip generation and distribution due to new commercial and
employment centres.
A realistic approach was adopted when converting the Business-as-Usual scenario to alternative
scenarios with the marking or “Inhibit growth areas”. These inhibit growth areas will not accommodate more
urban growth but retain the existing one to avoid the pressure on environmental and economically sensitive
areas. At last, the demographic parameters and trip matrices were edited for all urban growth scenarios
accordingly to be used as input in Transport Model.

3.4.3

Transportation modelling
Traffic Analyst tool of ArcGIS used to generate four stage transport models of SEQ for all scenarios

at three spatial (region, city and local) and four temporals (2016, 2021, 2031 and 2041). Transport model for
2016 is developed as the base year; 2021 as short-term; 2031 as mid-term and 2041 as long-term temporal
analysis scale for urban growth. Base data were prepared by using ArcGIS software. However, the main
source of SEQ transportation model was from the Department of Transport and Main Roads (TMR) SEQ
transport model data. The TMR SEQ transport model data retrieved and transferred into ArcGIS for four
stage modelling in Traffic Analyst transportation modelling extension developed by Rapidis
(www.rapidis.com). “Traffic Analyst turns ArcGIS into a fully functional transportation planning system.
The core of Traffic Analyst is a set of advanced modelling tools which plug into the ArcGIS Geoprocessing
framework, supplemented by dedicated editing tools for handling public transport lines and timetables.
This allows users to create sophisticated transportation models by using the ArcGIS Model
Builder application and a selection of Traffic Analyst tools, which can freely and easily be combined with
other geoprocessing tools. By completely integrating transportation modelling tools into ArcGIS, Traffic
Analyst allows users to leverage all the powerful features of ArcGIS for visualization, editing, data
management etc. when doing transportation planning’. A more detail description of the transportation
modelling is provided in section 6.2.2 of chapter 6

3.4.4

Scenario evaluation
The scenarios were analysed by employing selected indicators for all spatial and temporal scale.

Because the indicators have different kind of quantitative information with different measurement units,
therefore, all indicators were normalised and indexed to rank the indicator’s value for all urban growth
scenarios at all spatial and temporal scale. Further discussion is provided in chapter 6.

3.5

CONCLUSION
This chapter details the three key parts of the research methodology i.e. scenario generation,

indicator selection and scenario evaluation. First, this chapter also substantiates the selection of South East
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Queensland (SEQ) as the research context. SEQ is the fastest growing region in Australia and evaluation of
alternative urban growth policies can strengthen the decision-making process to adopt a sustainable urban
growth approach. Furthermore, the availability of all required datasets made this region a suitable study area
for this research.
Secondly, this chapter also demonstrates the Delphi survey approach adopted to generate alternative
urban growth scenarios as well as to verify a list of transport impacts. The justification for the selection of
Delphi method and selection of experts is also provided to strengthen the selection of Delphi technique for
this research. The datasets identified and collected for this research is also explained in this chapter. The
main dataset includes Transportation Models from Transport and Main Roads (TMR) and GIS and census
data for all necessary land use, land cover, environment and socioeconomic characteristics of SEQ.
Finally, this chapter outlines the methods adopted for scenario evaluation through transportation
modelling for indicator’s measurement. In conclusion, this chapter is providing a brief outline of the methods
used to achieve the aims and objectives of this research. However, the further detail of each method is
provided in the respective chapters where applicable.
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Chapter 4: Policy Scenarios for Sustainable
Urban Growth
4

4.1

INTRODUCTION
This study focuses on addressing the research question of: How can suitable alternative policy

scenarios for sustainable urban growth be developed? Urban areas are the most functional centres on the
planet earth (Clark and Dickson, 2003; Warner, 1987). Due to their functional diversity, sustainable
management of urban growth is a major challenge for urban planners and administrators. The complexity of
urban ecology, social aspirations, and economic concerns have never provided a perfect solution that may
lead to a sustainable urban growth policy (Shkaruba, Kireyeu, & Likhacheva, 2017). Additionally, major
environmental challenges such as climate change, resource depletion and deterioration of biodiversity have
made this desire more difficult to achieve (Jabareen, 2006; Alan W. Shearer, et al., 2009). Technological
advancement has also contributed to increased environmental problems. For example, air pollution is
considered being one of the major second-order consequences of combustion engine motor vehicles
(Haghshenas and Vaziri, 2012), although these undesirable effects were not originally intended by the
technological advancement of the early 1900s (Beder, 2000). As a response, sustainability science has
emerged to deal with these intricate issues of urban growth through an analysis of complex interactions of
diverse systems and providing ideas for sustainable societies accompanying technological advances
(Mavrakis, Papavasileiou, & Salvati, 2015; Roy, 2009; Zhao, 2010). Sustainable urban development is a
contemporary paradigm to address the above-mentioned challenges to provide a way to achieve a desirable
urban future. It is deliberated as improving the quality of life in urban areas, including socio-ecological,
institutional and economic components without draining the natural resources (Yigitcanlar and Teriman,
2015).
Traditionally, master plans, land use allocation, and functional zoning were used as the main tools
for urban growth management (Abdel-Galil, 2012). Functional zones were used to prescribe the land use
characteristics and economic functions of an area, while master plans were employed to locate the future
functional zone (Shkaruba, et al., 2017). With the technological advancement, planners have adopted highly
innovative and modern methods to envisage the urban growth plans and assess their effectiveness.
Particularly with the use of computers, modelling algorithms and big data processing have enabled urban
planners to utilize such methods effectively and efficiently to address future problems. However, questions
still remain about their reliability against uncertainties particularly when an analysis is focused on the
sustainability of urban growth. Urbanization process can produce both negative and positive outcomes in a
socio-environmental context. Urban growth management approaches to manage the urbanization process
may generate unexpected or unwanted and uncontrolled results, when approaches failed to find a right
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balance between negative and positive effects of urbanization (Geneletti, et al., 2017). In order to identify
sustainable urban growth management solutions, it is of critical importance that planners and urban growth
managers are able to forecast and mitigate conflicts as well as prepare the cities for potential shocks.
Recently, scenario-based planning approaches have gained importance to deal with uncertainties
associated with economic, social, and environmental outcomes of urban growth. Researchers have combined
scenario-based planning approaches with urban growth models to simulate alternative urban growth
scenarios and to assess their impacts (Bartholomew and Ewing, 2009; Hua, et al., 2014; Perveen, et al., 2016;
Plata-Rocha, et al., 2011; Wu, et al., 2010). In contrast to the traditional planning approaches, scenario-based
planning is not merely a prediction; rather it is an imaginative explanation of possible future images that
might unfold by analysing past, present and future challenges (Lindgren and Bandhold, 2009b; Ratcliffe and
Krawczyk, 2011). Therefore, the scenario-based planning method is remarkable progress towards the notion
of sustainable urban growth, as scenarios assist policy makers in the process of selecting strategies via
exploring alternative futures, warn people about uncertainties, and help all parties in developing a sound
vision (Khakee, 1991; Ratcliffe and Krawczyk, 2011). However, even though modelling urban growth and
associated impacts based on these scenarios have emerged to strengthen and quantify the future of urban
policies and related planning actions, this process has a number of glitches. Major issues include the
uncertainties associated with the selection of suitable methods to scenario generation, identify indicators to
be used to assess scenarios, evaluate scenarios to prioritize for policy formulation, and assess the impacts of
policy scenarios. Previous works of the authors have contributed to solving the first two issues—scenario
generation and indicator selection process (Perveen, et al., 2017b; Perveen, Kamruzzaman, & Yigitcanlar,
2018; Perveen, et al., 2016). This research aims to address the challenge of developing suitable policy
scenarios for sustainable urban growth. The findings of this research form critical evidence base of what
constitutes a sustainable urban growth management policy. The policies identified in this study are not
specific to any geographical location. Furthermore, the policies identified in this study are covering all three
aspects of sustainable urban growth—i.e. social, economic and environment—and providing a broad area
of application. Therefore, researchers, planners, and policy makers can use the findings of this study to
evaluate the potential outcomes of alternative urban growth policies to select the most suitable scenario for
sustainable growth in different parts of the world. However, this research urges validating the suitability of
the identified policy scenarios when applied in a particular context.
From an operational perspective, it is critical to proactively develop policies that would enable
growth management in a sustainable way rather than following a reactive approach (Hua, et al., 2014). A
reactive approach relies on historical data and trend analysis to generate growth management policies
without taking into account uncertainties and potential technological disruption (Aysan, et al., 1997; Zhao,
2010). Existing research studies have also taken the policy measures as given and focused more on analysing
their sustainability outcomes rather than focusing on how to develop policy scenarios that would generate a
sustainable urban development (Haughton and Hunter, 2004; Jepson Jr and Edwards, 2010; Litman, 2007a;
Mitchell, 1996; Roy, 2009; Santos and Ribeiro, 2015; Shiftan, et al., 2003).
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4.2

METHODOLOGY
This research applied Delphi as a preferred method for the validation and evaluation of policy

scenarios. The procedure applied in this research is discussed in detail in chapter 3. The questionnaire and
analysis of Delphi survey results are discussed in the following subsections.

4.2.1

Delphi survey questionnaire for policy scenarios
In total 19 policy scenarios under three groups (environmental, economic, and balanced) were

selected from the literature based on their relevance to sustainable urban growth management. The selected
policies were transformed into a web-based questionnaire using an online survey tool (Key Survey). The
questionnaire consisted of a question for each of the selected 19 policy scenarios under three groups
(environmental, economic, and balanced) as listed in Table 10.
Table 10: List of policy scenarios identified from the literature for expert evaluation
Scenario A: Environment focused scenario
1.
2.
3.
4.
5.
6.
7.

Reducing greenhouse gas emission by 5-15% below emission levels as of now in the next 30 years
Reducing natural resource consumption (planning to promote neighbourhood accessibility to reduce the
automobile usage)
Conserving green areas, agriculture land, natural landscapes, wildlife areas, heritage places and archaeological
sites
Avoid high-risk development in flood zones
Development away from the coast due to increased intensity of storm tides
No development in the bushfire prone areas
Preservation of habitat loss and environmentally sensitive areas (coastal, estuarine, riverine and hinterland)

Scenario B: Economy focused scenario
1.
2.
3.
4.
5.
6.

Monocentric development, increased accessibility and reduction of commuting time and cost in future
Development on peripheral regions (dispersed urban growth)
Fast-paced development to accommodate the demand for housing, infrastructure and services such as health,
education, electricity, water and other utilities
Development of areas for the agriculture industry
Development of new commercial and employment centres to accommodate the increasing population
Development of socio-economically vulnerable areas

Scenario C: Balanced scenario (balanced environmental and economic gains)
1.
2.
3.
4.
5.
6.

Development in rural areas to reduce the gap between urban wealth and rural poverty (substantial reduction in
rural-urban migration due to economic incentives)
Afforestation especially near industrialized areas and an increase in agricultural productivity to decrease
greenhouse gas effects
Sustainable scale of economic activity within the ecological life-support system
Less energy-intensive and efficient public transport systems with low fares to demote private car usage—this
substantially decreases the use of natural resources and emission of greenhouse gas
Selection of priorities listed above in ‘Scenario A: Environment focused scenario’, which support the selfcontained economic activities
Selection of priorities listed above in ‘Scenario B: Economy focused scenario’, which support environmental
improvements

The questionnaire was designed in a way so that relevant experts can provide an importance rating
for each of the policy scenarios on a 5-point Likert scale (1-least important to 5-most important). The Likert
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scale method was applied for importance rating based on the literature (Heiko, 2012; Musa, et al., 2015;
Radeljak Kaufmann, 2016b). Experts were also given the option to suggest additional policy scenarios as
they feel important but not included in the original questionnaire. The questionnaire was pilot-tested by three
local experts for clarity and consistency and then updated as per their advice. Necessary ethical clearance
was obtained from a relevant Human Research Ethics Committee prior to conducting the Delphi survey.

4.2.2 Analysis of Delphi survey responses
4.2.2.1 Delphi round 1
Four summary statistics were derived based on the importance rating of the policy scenarios from
Round 1 of the survey—median score, standard deviation (SD), interquartile range (IQR), and expected
probability of occurrence (EP). Median score was calculated to measure the central tendency of the given
ratings. The level of dispersion on rating was derived through SD and IQR in order to analyse the collective
judgments of respondents for each policy (Hasson, et al., 2000; Schuckmann, et al., 2012). IQR is the
absolute value of the difference between the 75th and 25th percentiles and with smaller values indicating
higher degrees of agreement. A higher IQR score indicates a wide variance of opinion in positioning the
ranked items (Wicklein, 1993). Likewise, a higher level of SD is associated with the weaker agreement
because of the high distribution of scores around the mean. Conversely, a smaller SD demonstrates a stronger
agreement because responses will be clustered more closely around the mean (P. L. Williams and Webb,
1994). An IQR value of 1 or less and the standard deviation below 1.0 were considered as low dispersion
level in the ratings based on the literature (Musa, et al., 2015; Rayens and Hahn, 2000; P. L. Williams and
Webb, 1994). Additionally, for analysing the feedback on Likert-type scale data, the use of median is highly
recommended in the literature for Delphi studies (Cavalli-Sforza and Ortolano, 1984; Musa, et al., 2015;
Schuckmann, et al., 2012; Shiftan, et al., 2003). The median score and EP were used to provide feedback on
the level of consensus to the experts in Round 2. EP was calculated to represent the frequency of responses
on the scale of 0-100%—i.e. if 60% of experts rated a policy as highly important, the calculated EP is 60%
(Corbin and Strauss, 1990). An EP of at least 50% on a scale 0-100% is used as a standard measure for
consensus level (Heiko, 2012; Schuckmann, et al., 2012).

4.2.2.2 Delphi round 2
Therefore, the questionnaire in the second round contained only those policies that had not reached
a consensus. Experts were asked to provide their opinion on the statistical summary provided by asking the
following question: ‘to what extent do you agree or disagree with the scores’ based on a 5-point Likert scale
(1-strongly agree to 5-strongly disagree). An email was sent to the 29 experts, who participated in Round 1
of the survey, requesting to participate in Round 2 in February 2017. A reminder email was sent in March
2017. All 29 experts completed the questionnaire in Round 2 by March 2017, yielding a 100% response rate.
The responses were analysed to identify consensus level in Round 2. Overall, it was felt that a third round
of the survey would not add to the understanding provided by the first two rounds and thus the survey was
concluded.
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Although the responses were collected on a 5-point Likert scale in Round 2, these were recoded into
the 3-point scale in order to create more meaningful categories based on the literature. The agree and strongly
agree categories were combined to obtain the percentage of agreement and the disagree and strongly disagree
categories were combined to obtain the percentage of disagreement (Andrich, 1978; Linacre, 2002). The
neutral category was retained as neutral. A combination of criteria was used for consensus measurement in
the Round 2. Consensus levels were denoted if the respondents were in agreement for a certain level as
shown below and the score fell either in the agree or disagree range instead of neutral (on a 3 point Likert
scale) (Heiko, 2012):
•

50% agreement: less important;

•

60% agreement: moderately important;

•

70% agreement: important;

•

80% agreement: highly important.

The need for the categorization for the policies was felt due to the diverse opinion for generating
urban growth scenarios overall and converging towards an optimal opinion specifically to identify the highly
suitable policy scenarios for sustainable urban growth management.

4.2.3

Validation of the generated policy scenarios
As indicated earlier, the generation of policy scenarios for sustainable urban growth management

through Delphi survey has certain advantages (e.g. external validity). However, an externally valid scenario
does not necessarily mean that this is valid in a local context where contextual norms and preferences of
local stakeholder might outweigh the experts’ knowledge. As a result, it was required to test the applicability
of the expert-driven policy scenarios in local contexts. In this research, the South East Queensland (SEQ)
region in Australia was selected to test the validity of the identified policy scenarios. In particular, the growth
management policies as proposed in the SEQ Regional Plan 2017 (ShapingSEQ) were compared against the
policy scenarios as identified by the experts. This comparison enables the research to identify whether the
expert-driven policy scenarios are a reality or rhetoric. The SEQ Regional Plan 2017 was chosen for three
reasons: a) this the most recent plan published in 2017 which means that the plan was developed in parallel
with the development of policy scenarios for this research, and therefore, the issues are contemporary in
nature; b) like this research, the SEQ Regional Plan has a regional focus rather than the city or local level;
and c) the SEQ Regional Plan has provided a greater emphasis for managing urban growth in a sustainable
way over the next 25 years. In particular, the plan states that “ShapingSEQ responds to the region’s projected
growth, and the opportunities and challenges associated with global megatrends. It sets the direction for
sustainability, global competitiveness and high-quality living by identifying a long-term sustainable pattern
of development” (SEQ Regional Plan, 2017, p. 11, p. 11).
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4.3

RESULTS

4.3.1

Consensus in round 1
The experts rated 19 policy scenarios under three groups—i.e. environmental, economic, and

Balanced scenarios. Table 11 provides a summary of the consensus level of the 19 policy scenarios evaluated
in this study. According to the consensus criteria used, Table 11 shows that no policy has gained consensus
in the first round of survey. However, out of 19 policies, there were nine policies scored more than 40% of
EP including two policies with 48.3% of EP score of being highly important, thus, only less than two percent
away from consensus level as listed below:
•

Monocentric development, increased accessibility and reduction of commuting time and cost in future;

•

Less energy-intensive and efficient public transport systems with low fares to demote private car
usage—this substantially decreases the use of natural resources and emission of greenhouse gas.
Table 11: Round 1 rating results of importance of policies for sustainable urban growth

Economy focused scenario

Environment focused scenario

Focus

Scenario

Med

IQR

SD

EP

4

1.5

0.9

31

4

2

1.1

38

4

2

1

31

Avoid high risk development in flood zones

4

1

0.8

45

Development away from the coast due to increased intensity of storm tides

3

1

1.1

41

No development in the bushfire prone areas

3

1

1.1

28

4

1

0.7

45

4

1.5

1

48

Development on peripheral regions (dispersed urban growth)

4

1.5

1.1

34

Fast-paced development to accommodate the demand for housing,
infrastructure and services such as health, education, electricity, water and
other utilities

4

1

0.8

48

Development of areas for the agriculture industry

3

2

1.1

34

Development of new commercial and employment centres to accommodate
the increasing population

4

1

1

45

Development of socio-economically vulnerable areas

4

1.5

1.1

41

Reducing greenhouse gas emission by 5-15% below emission levels as of
now in the next 30 years
Reducing natural resource consumption (planning to promote neighbourhood
accessibility to reduce the automobile usage)
Conserving green areas, agriculture land, natural landscapes, wildlife areas,
heritage places and archaeological sites

Preservation of environmentally sensitive areas (coastal, estuarine, riverine
and hinterland)
Monocentric development, increased accessibility and reduction of
commuting time and cost in future

Balanced scenario

Development in rural areas to reduce the gap between urban wealth and rural
poverty (substantial reduction in rural-urban migration due to economic
3
2
1.2
incentives)
Afforestation especially near industrialized areas and an increase in
4
1.5
1.2
agricultural productivity to decrease greenhouse gas effects
Sustainable scale of economic activity within the ecological life-support
4
1.5
1.1
system
Less energy-intensive and efficient public transport systems with low fares to
demote private car usage—this substantially decreases the use of natural
4
1.5
1
resources and emission of greenhouse gases
Selection of priorities listed above in ‘Scenario A: Environment focused
4
1
1
scenario’, which support the self-contained economic activities
Selection of priorities listed above in ‘Scenario B: Economy focused
4
2
1.2
scenario’, which support environmental improvements
Note: EP = expected probability of occurrence, SD= standard deviation, IQR = interquartile range, Med = median
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The results of the first round of the survey validate the usefulness of iterative Delphi technique in
scenario planning for urban growth management. The diverse nature of experts’ opinion and expectations
from future urban growth make it difficult to get an effective and optimal opinion. Successive round of
information, hence, reaches every panel member, so that the opinions can be retracted, altered with the
provided feedback.
As requested in the questionnaire, experts have suggested some policy strategies to include. The
suggested strategies were examined for inclusion in this research. However, author found that the essence of
many of these suggested policies was already included in Round 1. In addition, some of the suggestions were
not directly linked to urban growth management but broadly related to regional level analysis. Hence, these
suggestions did not provide any new insight into the objective of this study and were not included in the
second round of the Delphi survey.

4.3.2

Consensus in round 2
Table 12 illustrates the results from Round 2 of the survey for each policy strategies. Overall, all

policy scenarios for sustainable urban growth management have gained consensus among the experts
according to the defined criteria. However, out of 19 policies, two gained consensuses as highly important;
seven as important, seven as moderately important, and three as less important. The policies that reached a
consensus as highly important among the experts in Round 2 are:
•

Avoid high-risk development in flood zones;

•

Development of new commercial and employment centres to accommodate the increasing population.
Both of the above policies were also reached a reasonable level of agreement in the first round of

the survey—i.e. 45% of the experts rated both policies as highly important in the first round too. The results
from both rounds show that there was strong agreement among the experts on these two policies so that this
could be termed as ‘critical policies for achieving sustainable urban growth’. However, a higher level of
consensus cut-off point (80% agreement) for highly important policy scenarios results in less number of
strategies (10.5%). Furthermore, seven policies (36.8%) gained consensus as ‘important’ are:
•

Fast-paced development to accommodate the demand for housing infrastructure and services such as
health, education, electricity, water and other utilities;

•

Sustainable scale of economic activity within the ecological life-support system;

•

Less energy-intensive and efficient public transport systems with low fares to demote private car
usage—this substantially decreases the use of natural resources and emission of greenhouse gas;

•

Selection of priorities listed above in ‘Scenario A: Environment focused scenario’, which support the
self-contained economic activities reducing greenhouse gas emission by 5-15% below emission levels
as of now in the next 30 years;

•

Reducing natural resource consumption—planning to promote neighbourhood accessibility to reduce
the automobile usage;

•

Preservation of environmentally sensitive areas—coastal estuarine, riverine and hinterland.
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An aggregated analysis of consensus level from both rounds is elaborated in the following section
to policy scenarios that would lead to sustainable urban growth management.
Table 12: Round 2 consensus agreement results of the importance of policies for urban growth

Balanced scenario

Economy focused scenario

Environment focused scenario

Focus

Scenario

Disagree

Neutral

Agree

Consensus

14

7

79

Important

14

7

79

Important

7

28

66

Moderately
important

Avoid high-risk development in flood zones

0

7

93

Development away from the coast due to increased
intensity of storm tides

3

34

62

No development in the bushfire prone areas

0

32

68

Important

3

17

79

Moderately
important

7

28

66

Important

17

31

52

Less
important

7

21

71

Highly
important

4

41

56

0

14

86

24

17

59

14

24

62

Moderately
important

7

25

68

Moderately
important

4

25

71

Important

7

21

72

Important

3

24

72

Important

0

33

67

Moderately
important

Reducing greenhouse gas emission by 5-15%
below emission levels as of now in the next 30
years
Reducing natural resource consumption (planning
to promote neighbourhood accessibility to reduce
the automobile usage)
Conserving green areas, agriculture land, natural
landscapes, wildlife areas, heritage places and
archaeological sites

Preservation of environmentally sensitive areas
(coastal estuarine, riverine and hinterland)
Monocentric development, increased accessibility
and reduction of commuting time and cost in future
Development on peripheral regions (dispersed
urban growth)
Fast-paced development to accommodate the
demand for housing infrastructure and services
such as health, education, electricity, water and
other utilities
Development of areas for the agriculture industry
Development of new commercial and employment
centres to accommodate the increasing population
Development of socio-economically vulnerable
areas
Development in rural areas to reduce the gap
between urban wealth and rural poverty
(substantial reduction in rural-urban migration due
to economic incentives)
Afforestation especially near industrialized areas
and an increase in agricultural productivity to
decrease greenhouse gas effects
Sustainable scale of economic activity within the
ecological life-support system
Less energy-intensive and efficient public transport
systems with low fares to demote private car
usage—this substantially decreases the use of
natural resources and emission of greenhouse gas
Selection of priorities listed above in ‘Scenario A:
Environment focused scenario’ which support the
self-contained economic activities
Selection of priorities listed above in ‘Scenario B:
Economy focused scenario’ which support
environmental improvements
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4.3.3

Scenario alternatives
There are 19 key policy scenarios under the three groups are proposed in this study. The scenario

generation process has involved identification (through literature review) and verification (through Delphi
survey) of the policy scenarios according to their relevance to the sustainable urban growth management.
Based on the aggregated results from both rounds of the Delphi survey, following alternative scenarios are
outlined.

4.3.3.1 Scenario A: Environment focused scenario
This scenario takes into account various environmental concerns, which need to be incorporated at
policy level when planning to manage future urban growth. The environment-focused scenario aims to create
an urban area that will be more sensitive to the environment. The following policies under environmental
focused scenario are identified based on the established consensus of this study.
•

Avoid high-risk development in flood zones;

•

Reducing greenhouse gas emission by 5-15% below emission levels as of now in the next 30 years;

•

Reducing natural resource consumption (planning to promote neighbourhood accessibility to reduce the
automobile usage);

•

Preservation of environmentally sensitive areas (coastal estuarine, riverine and hinterland).
The identified policies as mentioned above highlight the environmental concerns. Fast paced

urbanization in vulnerable areas along the coastal creeks and rivers is causing significant damage to the
population and infrastructure due to floods (Y. Liu and Feng, 2016; Riahi, Grübler, & Nakicenovic, 2007;
Yigitcanlar and Dur, 2010). Furthermore, urbanization processes always lead to the consumption of natural
resources and the result of which is the emission of greenhouse gases (Button and Pearce, 1989; Matsuura
and Schenk, 2016; Alan W. Shearer, et al., 2009). The policies verified in this study as important, including
the reduction of greenhouse gas emission and reduction of natural resource consumption, have been widely
discussed in the literature because they have the potential to reduce climate change and to avoid resource
depletion by using reusable resources (Matsuura and Schenk, 2016; Alan W. Shearer, et al., 2009). Besides,
underpinning to these activities must be to preserve the environmentally sensitive areas from further loss, as
well as incorporating ways to address mitigation. The protection of environmentally sensitive areas would
help to maintain the biological integrity of the urban areas for achieving sustainable development (Harrison
and Davies, 2002; Riddell and Wiley, 2004; Steiner et al., 2000).

4.3.3.2 Scenario B: Economy focused scenario
This scenario takes into account various economic concerns, which need to be incorporated at policy
level when managing future urban growth. This scenario aims to create an urban area that will be more
sensitive to the economic development. Following are the list of policy scenarios that were verified by the
experts as ‘important’ and ‘highly important’ to address the economic challenges in order to manage urban
growth.
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•

Development of new commercial and employment centres to accommodate the increasing population;

•

Fast-paced development to accommodate the demand for housing infrastructure and services such as
health, education, electricity, water and other utilities.
Economically, urban areas in the world will continue to grow to deliver prosperity for its residents

and businesses (M. B. R. Council and Committee, 2003). Due to increasingly being driven by industrial
demand, investment, and population growth, urban region’s economy is changing into one of high-value
professional services and niche manufacturing (Y. Liu and Feng, 2016; Riahi, et al., 2007; Shkaruba, et al.,
2017). Development of new commercial and employment centre in the growing urban areas away from the
city centre will reduce the travel demand from these areas to the core economic areas such as CBD.
Furthermore, the stress on the existing facilities of the cities can be minimizing if the need for housing and
infrastructure demand fulfilled efficiently. This will not only reduce the disparity among different urban
areas but also improve the economic growth of the overall region and reduce the maintenance cost of existing
facilities due to overutilization (Beder, 2000; Y. Liu and Feng, 2016; Riahi, et al., 2007; Shkaruba, et al.,
2017).
Therefore, the key policies identified in this study will help the economic growth of the urban areas.
Interestingly, the policies addressing environmental aspects under Economic scenario were rated less
important for economic growth of the region as shown below:
•

Development on peripheral regions (dispersed urban growth);

•

Development of areas for agriculture industry;

•

Development of socio-economically vulnerable areas.
Knowingly, the involvement of experts representing diverse stakeholders of urban growth may lead

to a conflict of interest on economic growth at the cost environmental impacts.

4.3.3.3 Scenario C: Balanced scenario
This scenario provides a balanced approach. It highlights strategies for economic growth while
improving the environmental outcomes. Only the following three policies are identified as key policies under
the Balanced scenario:
•

Sustainable scale of economic activity within the ecological life-support system;

•

Less energy-intensive and efficient public transport systems with low fares to demote private car
usage—this substantially decreases the use of natural resources and emission of greenhouse gas;

•

Selection of priorities listed above in ‘Scenario A: Environment focused scenario’, which support the
self-contained economic activities.
The proposed key policies under Balanced scenario are revealing a combination of ecological,

social, environmental and economic policies, which can help policy makers and urban growth managers to
mitigate the ‘already happened’ scars on the environmental and socioeconomic aspects of urban growth.
Economic growth at one end promotes urban growth and on the other hand, demotes environment system.
Moreover, economic growth is not a panacea for environmental problems; indeed, it is not even the main
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issue. However, to deal with the environmental externalities of urban growth, policy makers need to modify
the economic policies to meet the environmental challenges. Therefore, such economic policies need to adapt
to provide the right incentives for protecting the resilience of ecological systems. This will enable humans
to promote urban growth by assuring a sustainable scale of economic activity within ecological life support
systems (Arrow et al., 1995; Huggins, 2013; Martinez, 2013).

4.3.4

Comparison of policy outcomes with South East Queensland regional plan
South East Queensland (SEQ) is the fastest-growing metropolitan region located in the State of

Queensland in Australia, and attracting on an average 55,000 immigrants each year (T. Li, et al., 2012). SEQ
has been experiencing rapid urban growth over the last few decades. Historically, this region was
characterized by isolated, low-density urban developments with the spatially uneven distribution of
settlements and industries. However, the dispersed urban growth causes loss of biodiversity, natural areas
and increased travel distances. Therefore, to sustain the rapid population growth in the SEQ region, recently
a strategic plan—i.e. Shaping SEQ South East Queensland Regional Plan 2017 (Plan, 2017)—has been
developed to manage future urban growth in a sustainable way. This plan is the latest edition of a series of
strategic development plans of the region that was first put into action in 2005. The findings of this study
were compared against the strategies identified in the SEQ Regional Plan to validate the results and gain
confidence for further analysis. As presented in Table 13, the policies identified through a Delphi-based
stakeholder’s consultation are also proposed in the SEQ Regional Plan to promote sustainable urban growth.
Although the study in hand was carried out a year before the legitimization of the SEQ Regional Plan (based
on non-Delphi based stakeholder consultation), the results are validated as shown in Table 13. The
similarities between policies identified in our study and the SEQ Regional Plan indicate that through a Delphi
approach policy scenario for sustainable urban growth management could be developed. However, these
policies should be treated as a rule of thumb or generic policies, and sensitivity analysis and ground-truthing
in their adoption to a locality is a necessity.
Table 13: Comparison of identified urban growth policies with South East Queensland
regional plan
Policies identified through Delphi method in
the reported study

Policies identified through stakeholder consultation in the South
East Queensland Regional Plan 2017 (Plan, 2017)

Avoid high-risk development in flood zones;

Use disaster risk management planning, adaptation strategies and
avoidance of exposure to high-risk areas to minimise SEQ’s
vulnerability to climate change impacts.

Reducing greenhouse gas emission by 5-15%
below emission levels as of now in the next 30
years.

Reduce greenhouse gas emissions by adopting patterns of urban
development that reduce the need and distance to travel and that
encourages the use of active and public transport.

Reducing natural resource consumption
(planning to promote neighbourhood
accessibility to reduce the automobile usage).

Achieve a high-quality urban form that promotes a walkable urban
environment within regional activity centres, to encourage interaction
and collaboration.
Plan for an increased range and mix of complementary activity,
including higher residential densities, in and adjoining those centres
with direct access to high-frequency public transport
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Policies identified through Delphi method in
the reported study

Policies identified through stakeholder consultation in the South
East Queensland Regional Plan 2017 (Plan, 2017)

Preservation of environmentally sensitive areas
(coastal estuarine, riverine and hinterland).

Protect and sustainably manage the region’s catchments to ensure the
quality and quantity of water in our waterways, aquifers, wetlands,
estuaries, Moreton Bay and oceans meet the needs of the environment,
industry and community.

Development of new commercial and
employment centres to accommodate the
increasing population.

Plan for and support continued growth in population-serving
employment and traditional economic industries.

Fast-paced development to accommodate the
demand for housing infrastructure and services
such as health, education, electricity, water and
other utilities.

Ensure planning and delivery of land use and infrastructure for new
communities, including major development areas, are integrated and
sequenced, and deliver complete communities in a timely manner.

Sustainable scale of economic activity within
the ecological life-support system.

Protect regional biodiversity values, and the ecological processes that
support them, from inappropriate development

Less energy-intensive and efficient public
transport systems with low fares to demote
private car usage—this substantially decreases
the use of natural resources and emission of
greenhouse gas.

extended and reliable high-frequency public transport connections to
significantly improve accessibility and create more efficient and
functional urban environments

Selection of priorities listed above in ‘Scenario
A: Environment focused scenario’, which
support the self-contained economic activities.

N/A

4.4

DISCUSSION AND CONCLUSION
Urbanization, presently, is unavoidable due to rapid population growth, increased demand for

economic gains and social aspiration for the quality of life. As a result, in many cases, biophysical, strategic
agricultural land and other ecologically sensitive areas are at high risk with magnified use of resources and
a high level of greenhouse gas emission. Subsequently, these challenges have made the urban planners’ job
harder, daunting and of global significance to achieve a balance between environmental quality and
socioeconomic growth in urban areas. Research has indicated that effective urban growth management
policies have the ability to minimize problems linked with inevitable urban growth—such as externalities
on the environment, congestion, and longer commuting times (Chakrabarty, 2001). The prevailing problems
linked with the urban development across the world indicates the failure of existing planning practices
(Ratcliffe and Krawczyk, 2011). Lack of integration between the physical elements of an urban system of
the socio-economic and environmental elements is making it difficult to see the functions of the urban system
in a holistic manner. City planning practices have a tendency towards short-term policy approaches speedy
solutions rather than long-term future vision. The limited collaboration of stakeholders and a lack of
involvement of public and private sectors is another reason for present-day planning failures due to the
conflict of interests. The future of urban development is not the exclusive interest of the government agencies
and the urban planners; instead, a successful planning practice requires the partnership among agencies,
sectors and communities. Therefore, as demonstrated in this study, the visioning of alternative futures of
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urban growth is critical in order to manage urban growth in a sustainable way to mitigate the environmental
impacts of urban growth. However, developing alternative scenarios for future urban growth requires a
holistic approach as discussed in the chapter 2 of the review of literature.
Neither a conservative nor a luxurious planning policy can be a sustainable solution in the current
situation of fast-paced urbanization in the highly competitive environment. In practice, sustainable urban
development is an interactive but at the same time a highly complex concept, which can never be achieved
in isolation (Allen and You, 2002; Button and Pearce, 1989; Camagni, 1998; Courtney, 2009; Jabareen,
2006; Jepson Jr and Edwards, 2010; Y. Liu, 2012; Mavrakis, et al., 2015; Musakwa and Van Niekerk, 2015;
Rahman, et al., 2008; Riddell, 2008; Roy, 2009; Yigitcanlar and Teriman, 2015; Zhao, 2010). Urban growth
policies with optimistic and balanced environmental, economic and social concerns are proven better choices
in the literature. However, polices are not universal which can be implemented without a pragmatic
understanding of the local facts. Thorough consideration is required for identifying urban growth
management policies and future outcomes before any plan. In this regard, Delphi technique has been
employed for deliberating the identified policies in the form of consensus by sharing the knowledge of
experts from diversified fields having a common interest in policy-making (Geist, 2010; Goodman, 1987;
Linstone and Turoff, 1975; O'Hara, De Souza, & Ide, 2000; Radeljak Kaufmann, 2016b).

4.4.1

Effectiveness of the method
The study first identified a range of policy scenarios and then used a two-round Delphi survey to

assess their suitability as urban growth management policies for sustainable development. Findings of the
study highlight the effectiveness of the Delphi method for developing alternative urban growth management
policies through involving experts from different backgrounds located all over the world. Delphi method’s
particular strengths over the other methods include the ability to consult from a distance to produce a higher
number of response and higher quality of ideas (De Loe, 1995). This study aimed to generate place-less
urban growth scenarios that is why the pooling of expert knowledge from all over the world deemed to be
more useful in identifying sustainable urban growth policies. As discussed in previous sections of this
chapter, scenarios are constructed by researchers and experts from diverse backgrounds, often with
stakeholders, resulting in the numerous approaches and techniques. These approaches and techniques have
been systematized in several ways, depending on the general purpose of the planning exercise (Bishop, et
al., 2007). The use of Delphi method to generate urban growth scenario is supported by a vast literature as
discussed in chapter 2 of the literature review. A critical review of the sustainability scenario design tools
was conducted by Kishita, Hara, Uwasu, & Umeda (2016).
One good example is the study conducted by Radeljak Kaufmann (2016a) that used Delphi method
to identify a number of urban growth management policies through stakeholder consultation to generate
alternative scenarios for the development of Dalmatia (Croatia) for the time frame of 2014–2031. Likewise,
Watkins (2010) employed the Delphi method to prioritized regional urban growth strategies to generate
urban growth scenarios for shaping the future of Northeast Michigan (USA). Furthermore, R. Bailey et al.
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(2012) demonstrated the usefulness of Delphi method to create a large number of alternative scenarios (seven
scenarios) through stakeholder’s consultation from different sectors (i.e. political, economy, social, spatial
planning, transport, energy and climate change) in the Bristol region (UK). The validation of the selected
method was also performed by the comparisons of the findings with the SEQ regional plan 2017. The
similarities between policies identified in this study and the SEQ Regional Plan indicate that Delphi method
is effective method for selecting urban growth policies. Therefore, consistent with the vast majority of the
urban growth scenario literature, the results of this study confirm that the involvement of relevant experts
improves the selection of urban growth policies for sustainable development (Alan W. Shearer, et al., 2009).
Delphi technique encourages an honest opinion which is free from peer group pressure (Lewis,
Cooper, Cooper, & Bonner, 1999). However, the extensive time commitment is needed to execute the Delphi
survey, as used in this study, took more than six months. Furthermore, the involvement of the experts from
different area of interests was quite effort taking the task, as not every ‘identified suitable expert’ was ready
to participate. Therefore, the list of experts was revised many times to finally reach a reasonable number of
suitable experts willing to participate in this study. It is also recognized that lack of clarity by which
consensus may be defined and the resultant differing interpretations required extensive literature review for
careful and explicit decision-making for both i.e. consensus and analysis criteria.

4.4.2

Appropriateness of scenarios
This study has illustrated the importance of considering the multiple future scenarios as an

alternative instead of one predicted growth scenario. Three alternative futures are generated in this study
under environmental, economic and Balanced scenarios that fulfil both criteria for sustainable urban growth
policy—i.e. alternative scenario development and stakeholder involvement. The numbers of scenarios are
appropriate for urban growth management studies as too less number of scenarios offer no alternative visions
Pillkahn (2008). Furthermore, too large numbers of scenarios can blur the future visions, and create difficulty
in data collection and analysis (P. Schwarz, 1991). Further analysis of the outcomes of these alternative
futures will be done in a prospective study to select the most desirable policy set for sustainable urban
growth. The analysis of the outcomes of these alternative scenarios will also help to eliminate the uncertain
and unexpected future growth through formulating effective policies(Perveen, et al., 2016). As discussed in
previous sections, scenarios are not and should not predict the future outcome rather they draw possible
alternatives of the future. Therefore, getting visions of the alternative future is one of the important uses of
scenarios (Bishop, et al., 2007; Dator, 2002). Therefore, alternative scenarios identified in this study question
conventional views and theories and lead us to explore uncertainties of future urban growth. Consequently,
the identified scenarios will help policy makers to consider alternative paths and expected risks for future
urban growth.

4.4.3

Determination of policies
Out of total 19 policies, 12 are verified as key policies under three groups to manage urban growth

in a sustainable way. Verified policy scenarios in this study are holistic and cover all critical aspects of urban
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growth—economy, environment, and society (Wheeler, et al., 2013). However, at large, the impression of
the results is slightly more inclined to environmental considerations over the economic ones. This is more
likely due to the universal nature of understanding of the conserving, preserving and protecting the natural
environment (Duque and Panagopoulos, 2010; K. Li et al., 2007; Martinez, 2013; Minnery, 1992; Newton,
2000; Alan W. Shearer, et al., 2009). Moreover, human beings have more and more aware of the importance
of the environment to people’s health and overall well-being. As discussed widely in literature, in order to
archive the sustainable urban growth, a wide range of economic, social and environmental needs must be all
satisfied. Therefore, urban areas have to be developed under the policy that will not lead to the depletion of
natural resources (L. Wang). The policies identified in this study support this theory for promoting a balanced
approach in promoting urban growth while preserving environmentally sensitive areas.
Furthermore, the findings of this study both verify the suitability of the Delphi technique and expose
the shortcomings of the technique. The survey was conducted successfully within a feasible timeframe, using
least labour and other resources (cost) applying a technologically advanced survey technique (online tool),
covering a wide range of experts from across the world (Rayens and Hahn, 2000; P. L. Williams and Webb,
1994). However, such diversity results in a lack of consensus among the experts on the importance of policy
scenarios. Even though, the policy scenarios are valid internationally. Their relevance and validity in a local
context remains an issue which requires further validation of the policy scenarios using stakeholders
(including those who affect a policy decision and who are likely to be affected by a policy decision) drawn
from a local context (Pullin, et al., 2016; Susskind, et al., 1999).
Lastly, the findings from this research reveal that a range of policies needs to be implemented for a
sustainable urban development. However, it is not clear, which of these policy scenarios would bring the
most positive outcomes. Our future research is planned to address this issue as well.
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5

5.1

INTRODUCTION
Urban growth is a dynamic and complex phenomenon which involves an interaction of various

influencing factors such as changes in socio-demographics and political vision for a city (Bengston, et al.,
2004; Correia, Da Graça Saraiva, Da Silva, & Ramos, 1999; Rafiee, et al., 2009; Smith and Floyd, 2013;
Thapa and Murayama, 2012; Vaz, Nijkamp, Painho, & Caetano, 2012; Vermeiren, et al., 2012; Q. Zhang,
et al., 2011). An interaction of these factors results in changes in land use patterns and urban infrastructure
(De Ridder, et al., 2008; C. Li, 2014; Sathish Kumar, et al., 2013; Sun, Wu, Lv, Yao, & Wei, 2013; Thapa
and Murayama, 2012). Such changes can have multidimensional effects on transport (e.g. changes in land
use patterns may influence travel mode choice as well as travel distance). It is, therefore, crucial to consider
all indicators related to the transport impacts of urban growth for a complete understanding of the interaction.
An analysis of these variables at different scales can help to identify scale specific impacts and thereby to
inform staged policy development (Dadras, Shafri, Ahmad, Pradhan, & Safarpour; Kwan and Weber, 2008;
Perveen, et al., 2016). This study, hence, shortlists socioeconomic, environmental, land use and
transportation-related indicators to assess the transport impacts of urban growth stratified by spatial and
temporal scales (see Table 14).
Numerous studies indicated that urban areas are growing unsustainably (Jabareen, 2006; Mavrakis,
et al., 2015; Reilly, et al., 2009; Yigitcanlar, Kamruzzaman, et al., 2015). Sustainability assessment of urban
growth is often centred on the specific sector in these studies (e.g. transport, water, agriculture) (Mavrakis,
et al., 2015; Pahl-Wostl, 2002; Shiftan, et al., 2003; Wheeler, et al., 2013). These studies employed a range
of indicators to assess the sustainability of urban growth. However, the selection of indicators is often based
on an ad-hoc method (AtKisson, 1996). The problem with this approach is that the selected indicators might
not be transferable to different spatial and temporal context. Dizdaroglu and Yigitcanlar (2016) underline
the need to employ a systematic method to select suitable indicators for assessing the transport impacts for
achieving a sustainable urban development.
The selection of suitable transport indicators of urban growth is challenging for two reasons. First,
the impacts can be vary from one geographic scale to another. For example, congestion might be a problem
in urban areas, but not in suburban areas (Cervero, 2006; David A. Hensher, 1998; Wheeler, et al., 2013);
and when the intensity of the congestion levels of these two areas is averaged to derive an overall congestion
level for a city, it does not portray the problem correctly. Second, the levels of impacts vary temporally. For
example, the pollution level from transport might not be noticed in a short-term period, but if remains
uncontrolled, it can have a detrimental effect in the long-run (Kamruzzaman, et al., 2015; Alan W. Shearer,
et al., 2009). These challenges often result in selecting different indicators for different spatial and temporal
scales (Dobranskyte-Niskota, et al., 2007), and as a result, existing transport modelling efforts explicitly
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delimit spatial and temporal scales (Perveen, et al., 2016, p. 43). The problem with these separate modelling
exercises is that the outcomes are not communicable for a consistent decision-making across spatial and
temporal scales.
This research aims to contribute to resolving this challenge by systematically identifying the
suitability of indicators to assess the transport impacts of urban growth. The study compiles all relevant
indicators of urban growth from the literature (Appendix B), screens these indicators in terms of their
suitability to capture transport impacts of urban growth, and then they are categorised into the following four
groups: (a) Transport (mode choice from new growth areas); (b) Land use (land required to facilitate
transport infrastructure for growth areas); (c) Environment (additional CO2 emissions from transport for
urban growth); (d) Socioeconomic (extra jobs in transport sector to serve growth areas). These categories
are formed considering the key variables of urban growth frequently cited in the literature (C. Li, 2014). The
intention here is to select the key transport impact indicators of urban growth so that these can be
operationalised easily rather than using finer level indicators which have been proven to be difficult to
operationalise due to unavailability of data (Jun and Hur, 2001; Nathaniel E. Roth, et al., 2012; Tian and
Qiao, 2014). The selected indicators are then stratified by: (a) Spatial scale specific; (b) Temporal scale
specific; (c) Spatial scale variant; (d) Temporal scale variant. The study employed a qualitative methodology
to determine the suitability of the indicators by engaging experts through Delphi surveys. The classified
indicators serve as a useful guide for policymakers, transport modellers, and planners by simplifying the
daunting task associated with the indicator selection process.

5.2

METHODOLOGY
This research uses a standard Delphi survey process as outlined in MacCarthy and Atthirawong

(2003) to identify the suitability of a range of indicators for assessing the transport impacts of urban growth
as discussed in the following sub-sections. The detail of the Delphi Survey methodology is discussed in
chapter 3. This section is elaborating the questionnaire development and analysis of Delphi survey responses.

5.2.1

Development and pre-testing of a Delphi survey questionnaire for indicators
This study applied a two-step process for the selection of indicators. First, 62 indicators were

selected after a comprehensive review of the literature on urban growth (Appendix B). These 62 indicators
have been used to measure the impacts of urban growth – but not necessary transport related impacts. In
contrast, the focus of this study is on the transport impacts of urban growth. As a result, the 62 indicators
were evaluated through a cross-examination of their application in transport research (Appendix C). This
screening resulted in 23 indicators for the further assessment of their space-time suitability through Delphi
survey (Table 14). They are grouped in four broader categories only for the organisational purposes, and
therefore, the categories containing an indicator are not mutually exclusive. For example, a traffic accident
is grouped under the environmental category, but it may well fit into the transportation category. Most
importantly, the grouping of the indicators has no impact on their suitability as assessed by the experts. The
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experts were given the freedom to select any indicators that they thought important to assess the transport
impacts of urban growth. The aim was to assess the importance of each indicator in terms of their suitability
to represent the transport impact at different spatial and temporal scales by the experts.
An online Delphi survey questionnaire was designed using the Key Survey tool—an enterprise
survey platform. The questionnaire contained a question for each of the selected 23 indicators. The aim was
to assess the importance of each indicator in terms of their suitability to represent the transport impact at
different spatial and temporal scales by the experts. The questionnaire, thus, was designed in a way so that
the experts can rate the importance of the indicators six times based on a 5-point Likert scale (1-very low to
5-very high): three ratings for three spatial scales (local, city, regional), and three ratings for three temporal
scales (short-, medium-, long-term). In addition, options were kept for the expert to suggest any indicators
that they thought relevant to this research. The designed questionnaire was sent to three local experts initially
in order to check for clarity and consistency, and subsequent changes were made to the questionnaire based
on their comments and suggestions. For example, ‘Mode’ is rephrased as ‘Mode of transport (public,
private)’ and ‘Network length and density’ was rephrased as ‘Transport network density’ after the feedback.
Necessary ethical clearance was obtained prior to conducting the Delphi survey.
Table 14: Indicators for assessing transport impacts of urban growth scenarios
Indicator
Mode of transport (public,
private)

Transportation

Travel cost
Travel distance
Travel time
Travel purpose
Private car ownership
Freight transport trends by
mode
Land taken by transport
infrastructure
Transport network density

Land Use

Access to public transport
services
Land use change (new
development)
Location of employment
centres

Housing demand

Location of commercial
activity zones

Queensland University of Technology

Calculation Method
Percentage (%) of travellers use a particular mode
of transport
Generalised cost of travel = cost of in-vehicle
time, wait time, fare/fuel, parking, transfer etc.
Distance = Speed x Time
Any time devoted to travel from one location to
another location. (Time = Distance/Speed)
Ratio of the purpose of travel i.e. home-based
commuting, non-home-based commuting
Number of vehicle per 1000 population/household
Tons of freight transported by type (road, rail,
inland waterways etc.)

Measurement Unit
%
$
Length (Km)
Time (Minutes)
% or Count by category
Rate
Tons

Land area designated for transport infrastructure

Area (Sq.Km)

Length of transport network per unit area
% of the population located within walking a
distance from public transport stops (400m from
bus stops and 800m from train stations)
Land use change = Difference in the size of
different land uses between two periods
Geographical distribution (clustered or dispersed)
of workplaces
Population growth is used as an indirect indicator
for housing demand; P=Po X ert
Where, P = Total population after time “t”
P0 = Starting population
R = Growth rate
T = time in years
Geographical distribution of commercial activity
centres ( retail and trade areas)

km/km2
% of population
Area (Sq.Km)
Anselin Local Moran’s I
index

Population/year

Anselin Local Moran’s I
index
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Environment

Indicator

Fuel consumption = Fuel efficiency (Litres used
per 100km) X vehicle km travelled

Litre

Greenhouse gas emissions
(CO2)

CO2 = Fuel consumption × emission factor

Grams per kilometre
(g/km)

Noise pollution

Investments in transport
infrastructure

Socioeconomic

Measurement Unit

Energy (Fuel) consumption

Traffic accident incidence

Growth in transportation
network relative to growth in
the economy
Transportation productivity
(labour productivity(LP) or
total factor
productivity(TFP))
Subsidies in the transport
sector
Employment in the transport
sector

5.2.2

Calculation Method

SPL (dB) = 10 log10(P2/Po2)
Where, SPL (dB) = sound pressure level in dB
P = sound pressure in Pa unit area in meters
Po= reference sound pressure level in Pa
Death/major injuries per 1000 population
Infrastructure investment covers spending on new
transport construction and the improvement of
existing networks.
Transportation sector investment in percent (%) of
the GDP (e.g. in many developed countries,
transportation accounts between 6% and 12% of
the GDP)
log (TFPt/TFPt-1) = Sectoral average TFP growth
rate
log (LPt/LPt-1) = Sectoral average labour
productivity growth rate
where t denotes for target year for calculating the
rate
Annual grants and subsidies provided by the
governing authorities in the transport sector
Percentage of the labour force working in the
transport sector

Decibels (dB)

Rate
$

%

Log growth rates (%)

$
%

Analysis of Delphi survey responses
Round 1: Four summary statistics were derived based on the ratings of the indicators from Round

1 of the survey: median score, standard deviation (SD), interquartile range (IQR), and EP. Median score was
calculated to measure the central tendency and the level of dispersion was derived through SD and IQR in
order to analyse the collective judgements of respondents for each indicator (Keeney, McKenna, & Hasson,
2010; Schuckmann, et al., 2012) IQR is the absolute value of the difference between the 75th and 25th
percentiles and with smaller values indicating higher degrees of agreement. A higher IQR score indicates a
wide variance of opinion in positioning the ranked items (Wicklein, 1993). Likewise, a higher level of SD
is associated with ’weaker’ agreement because of the high distribution of scores around the mean.
Conversely, a smaller SD demonstrates ’stronger’ agreement because responses will be clustered more
closely around the mean (Williams and Webb, 1994). As outlined in the literature, an IQR value of 1 or less
and the standard deviation below 1.0 were considered as low dispersion level in the ratings (Musa, et al.,
2015; Rayens and Hahn, 2000; P. L. Williams and Webb, 1994). Additionally, for analysing the feedback
on Likert-type scale data, the use of the median is highly recommended in the literature for Delphi studies
(Table 15). The median score and EP were used to provide feedback on the level of consensus to the experts
in Round 2. The EP was calculated to represent the frequency of a ‘response’ on the scale of 0-100%, i.e. if
60% of experts rated an indicator as ‘Highly important’ the calculated EP is 60% (Corbin and Strauss, 1990).
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Round 2: Although the responses were collected on a 5-point Likert scale in Round 2, these were
recorded into the 3-point scale in order to create more meaningful categories based on the literature (Andrich,
1978; Linacre, 2002). The ‘agree’ and ‘strongly agree’ categories were combined to obtain the percentage
of agreement and the ‘disagree’ and ‘strongly disagree’ categories were combined to obtain the percentage
of disagreement. The category ‘neutral’ was retained as ‘neutral’. The increment of agreement between the
two rounds of the survey was used to assess the consensus level of the ratings on indicators. The increment
of the agreement was calculated based on differences in agreement (%) of an indicator between Rounds 1
and 2. For example, if travel time indicator reached a consensus level of 40% in Round 1 and 60% in Round
2, the increment of the agreement is 20%. Like Round 1, if agreement level increased by 50% for an
indicator, the indicator was considered as reached a consensus (Heiko, 2012; Schuckmann, et al., 2012).
Table 15: Consensus method in Delphi studies for transportation and land use interaction
Reference
Cavalli-Sforza and Ortolano
(1984)
Still, et al. (1999)

Response scale
Categorical (rating)
Percentage changes

Tolley, et al. (2001)

Categorical

Shiftan, et al. (2003)

Categorical (rank)

Schuckmann, et al. (2012)
Hayati, et al. (2013)
(Y. Wang, et al., 2014)

Categorical, Expected
probability of occurrence
(scales 0–100%, 5-pointLikert scale)
Categorical (rating)
Categorical (rating)

Analysis method
Median and mean

Based on convergence and
stability of panellist’s
responses

Standard deviation

Not discussed

Mean, mode, and standard
deviation
Average, median, standard
deviation, frequency
analysis and non-parametric
statistical tests

The variability of responses
or degree of dispersion
Frequency analysis of the
experts’ degree of
agreement with the
expected scenarios

Median and mean, standard
deviation, interquartile
range

Average estimated
probability of occurrence of
at least 50%

Average rating
Mean

Not discussed
Majority of the decision
Median score of ≥ 4,
interquartile range of 1 or
less and the standard
deviation below 1.0
Not discussed

Musa, et al. (2015)

Categorical (Rating), 5Likert scale

Median score,
interquartile range and
standard deviation

Kiba-Janiak (2016)
Radeljak Kaufmann
(2016b)

Likert scale from 1 to 5
Qualitative (open-ended
questions)

Mean and median
Factor analysis, categorised
and interpreted

5.3
5.3.1

Consensus method

Not discussed

RESULTS
Consensus level in round 1
The experts rated 23 indicators for three spatial and three temporal scales, yielding a total of 138

responses from each expert in Round 1 of the survey. Table 16 provides an aggregated summary of the
consensus level of the 23 indicators stratified by spatial and temporal scales. According to the consensus
criteria used, Table 16 shows that a consensus was achieved for 30 indicator-scales out of 138 (highlighted).
Among these, 12 gained consensuses in the spatial scales, and the remaining 18 gained consensuses in the
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temporal scales. These 30 indicator-scales involved 15 indicators. Out of the 12 indicators that reached a
consensus on the spatial scale; two, six, and four indicators were related to local, city, and regional scales
respectively. Furthermore, out of the 18 indicators that gained consensus on a temporal scale, six were related
to short-term, nine were related to mid-term and three for long-term scales. However, none of these
indicators reached a consensus for all spatial and temporal scales in this round. Three indicators reached a
consensus of maximum four scales out of the six scales and include investments in transport infrastructure,
the location of employment centres and travel time. Even none of the indicators were found to reach a
consensus for all spatial scales or for all temporal scales.
Figure 9 illustrates the sector-wise distribution of the 138 indicator-scales with their consensus
levels. In total 11 indicator-scales from transport, nine indicator-scales from land use, two indicator-scales
from the environment, and eight indicator-scales from socioeconomic sectors gained consensus. Therefore,
the sectoral rate of consensus levels was: 26% in transportation, 21% in land use, 8% in the environment,
and 26% in socioeconomic. In view of the above discussion, the results reveal important, but not enough
significant outcomes for the remaining 108 indicator-scales which suggested a weak agreement among
experts on the importance of these indicators. Based on the results from Round 1, the questionnaire in Round
2 contained the remaining 108 indicator-scales for further assessment by the experts. The experts in Round
1 of the survey did not suggest any new indicators for further consideration relevant to the indicators type
aimed in this study. Rather, few suggestions were made for micro-level indicator like “Transport system
utilization levels”, “accidents by mode”, “driving behaviour” and “walkability”. Due to far-relevance of the
suggested micro-level indicators, these were not considered in the second round of the survey.

5.3.2

Consensus level in round 2
Table 17 presents the results obtained from Round 2 of the survey. Out of 108 indicator-scales, only

14 gained consensuses in Round 2. Overall, there was a strong agreement of increment for all the indicatorscales. However, the consensus criterion of 50% increase of agreement between two rounds results in a
smaller number of indicator-scales gained consensus—i.e. 14 (12.9%). An aggregated analysis of consensus
levels from both rounds is elaborated in the following section to identify key indicators.

40

33

30

22

22

20
10

31

9

8

11

2

0
Socioeconomic

Environment
Consensus

Land Use

Transport

No Consensus

Figure 9: Sectoral distribution of the indicators
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Table 16: Delphi Round 1 results
Indicators

Spatial Scale

Temporal Scale

Local

City

Region

Long-term

Mid-term

Short-term

Med

IQR

SD

EP Med IQR SD

EP

Med IQR SD

EP

Med IQR SD

EP

Med IQR SD

EP

Med IQR SD

EP

Mode of transport (public, private)

4

2

1.2

31

4

1

0.7

46

4

1

1

46

4

1

1.1

39

4

1

0.9

57

3

2

1.1

25

Travel cost

3

2

1.1

32

4

1

0.7

54

3

1

0.9

45

4

1

0.8

41

3

1

0.7

43

3

1

0.9

39

Travel distance

3

2

1.2

11

4

1

1.1

45

4

1

1

54

4

1

0.9

54

3

1

0.8

44

3

0

0.7

63

Travel time

4

1

1

54

4

1

0.9

36

4

1

0.8

54

4

1

0.8

50

4

1

0.7

48

3

1

0.7

50

Travel purpose

3

2

1.3

29

3

2

1.1

39

3

1

1

43

2.5

2

1.2

23

3

1.8

1.1

43

3

2

1.1

41

Private car ownership

4

1

1.2

36

4

1.8

1

32

4

1

0.9

43

4

2

1.2

44

4

1

0.8

59

3

1

0.9

48

Freight transport trends by mode

3

2

1.2

28

4

1

1

46

4

1

0.9

54

4

3

1.2

38

4

1

1.1

37

3

1

1

37

Land take by transport infrastructure

3

1

1.1

39

4

1

0.8

43

3

1

0.8

31

3

1.3

1

35

3

2

1.1

22

3

1

1

41

Transport network density

4

1.5

1.1

38

4

1

0.8

43

4

1

0.9

39

4

2

0.8

46

4

1

0.7

63

3

1

1

41

Access to public transport services

4

1

1

36

4

1.5

1.1

41

4

1

1.1

32

4

2

0.9

35

4

1

0.9

41

3

1

1.1

30

Land use change (new development)

3

1

1

39

4

1

0.8

50

3

1

1

36

4

2

1.1

31

3

1

0.8

44

3

1

0.7

46

Location of employment centres

4

1

1

43

4

0.8

0.8

57

4

0.8

0.9

61

4

1

0.8

54

4

1

0.7

54

3

1

1

44

Housing demand

3

1

0.9

46

4

1

0.8

50

3

1

0.9

46

4

2

1

26

3

1

0.7

52

3

1

0.9

56

Location of commercial activity zones

4

1

1

46

4

1

1

38

4

1

0.9

43

4

1

0.7

42

4

1

0.8

48

3

1

1

48

Energy consumption

4

2

1.3

45

4

2

1.2

39

4

1.8

1.1

36

4

2

1

36

4

1

1

48

3

0

1

59

Greenhouse gas emissions

3

2

1.3

25

4

2

1.1

24

4

1.8

1

36

4

1

1

36

4

1

0.8

63

3

1

0.9

48

Noise pollution

4

1

1

39

4

1

1

46

3

2

1.1

31

4

1

1.2

37

4

1

1

41

4

1

1.1

41

Traffic accident incidence

3

1

0.9

39

4

1

0.9

43

3

2

1.1

32

3

1.8

1

29

3

1

1.1

41

3

1

1

39

Investments in transport infrastructure

3

1

0.9

52

4

0

0.7

68

4

1

1

46

4

1

0.9

43

4

1

0.7

50

3

1

0.8

54

Growth in transportation network relative to

3

1

1

46

3

1

0.8

48

3

1

0.9

43

4

1

0.8

44

3

1

0.8

41

3

1

0.9

48

Transportation productivity (labour productivity or 3

1

0.9

46

3

1

0.8

57

3

2

0.9

48

3

1

0.9

44

3

1

0.6

59

3

1

0.6

56

growth in the economy

total factor productivity)
Subsidies in transport sector

3

1

1

43

3

2

1.1

33

3

2

1.1

37

3

1

1.1

48

3

2

1.1

30

3

1

0.9

46

Employment in the transport sector

3

1

1

32

3

2

1.1

48

3

1

1

37

3

1

1.1

35

3

1

0.9

50

3

1

1

37

*EP = Expected probability of occurrence (EP) (scales 0–100%), SD= Standard Deviation, IQR = Inter Quartile Range, Med = Median, Max= Maximum, Min = Minimum
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12
13

8
4

37
40

63
78
73

25
13
23

13
9
4

39
34
35

45

67

29

4

41
40

84
88

12
12

4

52

78

13

9

8
4

21

8

32

88

8

4

45

76

24

15
8

8

39
57

93
100

4

4

50
59

81
72

12
28

8

88

8

4

4

43

83

13

4

40

92
96

8
4

81
70
81
81

19
22
11
19

84

16

7
7

13

4

23
28
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45
50

92

8

36
45
42
42

89
78
81
88

11
19
19
12

38

92

8

77
85

23
12

50
54
35
46

76
85
65
77
88

24
15
27
23
12

44

96

4

83

13

72
76

24
20

54

4

37

4

34
36

80
88

20
12

47
40

31
42

65
85

30
15

4

40
49
34
45
42

80
85
72
76
88

16
12
28
20
12

4
4

53

92

4

35

4
4

35
39

4

8

22
24
8
8

77

23

32

72

24

38
53

93

7

47

83

13

39
42

4
8

4

4

Disagree

80
83

15 29
8 34
13 27

48
60
38
33
38

78
76
88
85

58
74

25
26

17

33
35

40

75
58
67

4
33
29

21
8
4

34
10
30

50

75

21

4

34

52

83
76

17
20

4

42
46

39

75

21

4

29

78

17

4

34

77

19

4

29

8

28
38
41

35
32
39
42

88

12

44
49
35
47
45

80

16

80
80

20
20

39
39

76
79
81

16
21
19

8

47

88

12

48

84

16

83

17

39

75
78

25
17

71

29

41

75
75

25
17

4

4

27
44

40
4

Increment
of
Agreement
(%)

Neutral

44
45

Short-term
Increment (EP, 0–100%)
of
Agreement
(%)

Agree

14

Disagree

17

Neutral

83
86

Agree

43
48

7
4
15
35
12

13

77
68

4
7

93
96
77
65
85

83

83

7

Disagree

77
92

89
93

Neutral

71

50

Agree

27
23
33

4

Mid-term
Increment (EP, 0–100%)
of
Agreement
(%)

Disagree

58
69
54

96

Neutral

8 34
14 44
13 52

Temporal Scale
Long-term
Increment (EP, 0–100%)
of
Agreement
(%)

Region
Increment (EP, 0–100%)
of
Agreement
(%)

Agree

27
10
25

Neutral

65
76
63

Agree

Disagree

City
Increment (EP, 0–100%)
of
Agreement
(%)

Neutral

Mode of transport
Travel cost
Travel distance
Travel time
Travel purpose
Private car ownership
Freight transport trends by
mode
Land take by transport
infrastructure
Transport network density
Access to public transport
services
Land use change (new
development)
Location of employment
centres
Housing demand
Location of commercial
activity zones
Energy consumption
Greenhouse gas emissions
Noise pollution
Traffic accident incidence
Investments in transport
infrastructure
Growth in transportation
network relative to growth in
the economy
Transportation productivity
(labour productivity or total
factor productivity)
Subsidies in transport sector
Employment in the transport
sector

Spatial Scale
Local
(EP, 0–100%)

Agree

Indicators

Disagree

Table 17: Delphi Round 2 results
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36

8

29
38
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5.3.3

Key indicators
The aim of this research was to identify a list of indicators to assess the transport impacts

of urban growth at different spatial and temporal scales. In total, 23 indicators on three spatial and
three temporal scales were proposed initially to gain consensus from the experts through the Delphi
survey. The questionnaire was designed to get expert’s feedback on 138 questions (23 indicators
on six scales). From this large pool of 138 indicator-scales, only 30 gained consensuses in Round
1 of the survey. Additional 14 indicator-scales meet the consensus criteria in Rounds 2 of the
survey. In sum, 44 indicator-scales gained consensus in both rounds. However, four indicators out
of the 23 did not gain consensus at any of the spatial or temporal scales. This means that the experts
did not consider these indicators suitable to assess the transport impacts of urban growth. The
unsuitable indicators are:
•

Travel purpose;

•

Noise pollution;

•

Traffic accident incidence;

•

Subsidies in the transport sector.

Exclusion of these four indicators results in a total of 37 indicator-scales for further
analysis as shown in Table 18. Overall, 12 (52%) out of the 23 indicators gained consensus at least
one spatiotemporal dyad. However, out of these 37 indicator-scales, seven gained consensuses
either only one spatial scale or one temporal scale. For example, ‘Travel cost’ indicator gained
consensus on city scale but failed to achieve a consensus on any of the temporal scales. This means
that these indicators cannot be used to assess transport impacts precisely—we do not know in
which temporal scale this indicator should be operationalised. Therefore, these seven indicators
cannot be used to analyse the transport impacts. These incompatible indicators are listed below:
•

Travel cost;

•

Private car ownership;

•

Freight transport trends by mode;

•

Land take by transport infrastructure;

•

Energy consumption;

•

Growth in transportation network relative to growth in the economy;

•

Employment in the transport sector.

After excluding the incompatible and unsuitable indicators, the results show that only five
indicators met the criteria discussed in previous sections for multi-scale analysis of transport
impacts associated with urban growth. These indicators are listed below and highlighted in green
in Table 18 as key indicators:
•

Travel distance;

•

Travel time;
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•

Access to public transport services;

•

Location of employment centres;

•

Investments in transport infrastructure.

Table 18: Indicators according to their suitability in spatial and temporal scales
Spatial
Indicators

Local

City Region

Travel distance

√

Travel time

√

√

√

4

√

√

√

5

√
√

√

√

√

Housing demand

√

Investments in transport infrastructure
Transportation productivity (labour productivity or
total factor productivity)
Total

√

5

2
√

Location of employment centres
√

Total
Shortterm

√

Land use change (new development)

Greenhouse gas emissions

Midterm
√

√
√

Transport network density

Location of commercial activity zones

Longterm

√

Mode of transport (public, private)

Access to public transport services

Temporal

√

2

√

√

4

√

√

2
√

4
√

√

3
2

√

√

√

√

√

4

√

√

√

3

8

5

37

11

4

4

2

In order to identify the suitability of these indicators for different spatial and temporal
scales, the indicators were grouped into: (a) Spatial scale specific; (b) Spatial scale variant; (c)
Temporal scale specific; (d) temporal scale variant, based on Table 18.
Specific spatial scale: Table 18 shows that only five indicators are suitable for a specific
spatial scale. Interestingly, all these five indicators are suitable for only city scale: mode of
transport, transport network density, housing demand, greenhouse gas emissions, and
transportation productivity. Three of these indicators are suitable only for mid-term assessment
(except housing demand and transportation productivity). This means that these indicators are
mainly suitable for the city level assessment of mid-term impacts.
Suitable for variant spatial scales: Except the five indicators as above, the remaining
seven indicators were found to be suitable for more than one spatial scale. Only travel time
indicator was found to be suitable for all three spatial scales. This means that the remaining six
indicators are suitable for two spatial scales (local-regional, local-city, city-regional). Only travel
distance indicator was found to be suitable for both local and regional scales. Two indicators
reached suitability consensus for the city and regional scales (land use change, the location of
employment centres), and the remaining three indicators are suitable for both local and city scales
(access to public transport services, the location of commercial activity zones, and investment in
transport infrastructure).

Queensland University of Technology

79

Chapter 5: Transport Impact Indicators

Specific temporal scale: Only three indicators were found to reach consensus for a
specific temporal scale (mode of transport, transport network density, and greenhouse gas
emissions). All these indicators are specific to mid-term scales and suitable for only city-level
spatial analysis.
Suitable for variant temporal scales: Seven of the 12 indicators were found to be
suitable for more than one temporal scale. However, none of the indicators was found to be suitable
for all three temporal scales. This means that these indicators are suitable for two temporal scales
(short term-long term, midterm-long term, short term-midterm).

5.4

DISCUSSION AND CONCLUSION
Assessing the transport impacts of urban growth involves many stakeholders and a number

of principles. Key amongst these is the need for stakeholder participation, specificity of context
and a balanced consideration of transportation, land use, environmental, and socioeconomic issues
at suitable spatial and temporal scales. Any methodology that seeks to assess the transport impacts
for achieving a sustainable urban development should, therefore, reflect and incorporate these
principles. In previous studies, an explicit group of indicators were employed at specific spatial
and temporal scales to analyse the process and its impacts while ignoring the transferability of the
indicators to different scales. To overcome this shortcoming in the literature, this study is an effort
to monitor the urban growth scenarios through assessing the transport impacts by selection of
representative indicators at different spatial (region, city, local) and different temporal (long-,
medium-, short-term) scales. The presentation of space-time dyad of indicators in this research
ease the indicator selection process by answering questions such as, which indicators are suitable
for a regional scale to monitor transport impacts of urban growth over a long-term period? Or
which indicator is suitable for all spatial and temporal scale to assess the transport impacts of urban
growth?
Delphi technique is being increasingly employed to gain consensus on scientific
knowledge by involving a number of experts. This study employed a two-round Delphi survey for
establishing consensus to verify a list of 23 indicators for assessing the transport impacts. The
experts through the Delphi survey brought extensive experience and knowledge in the process of
indicator selection. The identified list of indicators appears sufficiently well defined on different
spatial and temporal scales may help to form the basis for a further research to assess the transport
impacts for achieving sustainable urban growth policies. From the list of 23 indicators presented
to the experts for rating their importance, only 12 (52%) indicators were achieved a consensus. The
most important indicator identified by the expert panel was the travel time because of its suitability
for all spatial and two temporal scales. In contrast, some indicators were found to be suitable for
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specific spatial and temporal scales. For example, mode of transport is a suitable transport indicator
if applied in city level to assess the mid-term impact of urban growth.
The proposed indicators are multi-level indicators and can be used for
neighbourhood/suburb (mezzo) and city/region (macro). This study did not include micro (parcel)
level indicators for assessing transport impacts of urban growth. Similarly, despite representative
of prior studies on this topic, the number of experts participated in this study was limited to 29.
While this figure is acceptable, increasing experts might have resulted in a different consensus. It
should also be noted that experts might have their disciplinary bias in their selection of indicators
which is beyond the control of this study.
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Chapter 6: Modelling Transport Impacts of
Urban Growth Scenarios
6

6.1

INTRODUCTION:
Economic and societal progression is rapidly transforming small urban clusters into

metropolitan cities (Yedla, 2015). Consequently, human made alternations to land use and land
cover is significantly increasing on the earth (Gounaridis, Chorianopoulos, & Koukoulas, 2018).
Therefore, the traditional less complex interaction of society and the environment is also changing
to a complex and alarming one. Fast-paced urbanisation comes with the environmental
implications that has been a primary concern of scholars, policy makers, and planners. Despite
other environmental externalities, growing urban areas are experiencing the challenge to cope with
the dire need for efficient connectivity because of a sharp rise in travel demand. As more people
choose to live in cities, high travel demand is developing chaotic traffic scenarios that are
contributing to global environmental problems like GHG emissions, noise pollution and excess
consumption of non-renewable resources. In view of these consequences, planning urban areas
without analysing its transportation impacts can obstruct to achieve the broader goal of “sustainable
development” (Jakimavičius and Burinskiene, 2009; Perveen, et al., 2017b; Perveen, et al., 2016).
An emphasis in literature is mostly placed on strengthening of the urban growth policies
and land use planning to influence the urban growth form and expansion tendencies (Wilson and
Chakraborty, 2013). Conversely, only a few studies are focusing on the importance of analysing
the future impacts of particular choices of urban growth policies (Perveen, et al., 2017b; Xiang and
Clarke, 2003). In absence of such insights, the urban planning process is inadequately
knowledgeable to sufficiently intervene and guide the uncontrolled urban growth as “sustainable
development”. Urban planners, policy makers and environmentalists have been embracing the
term “sustainable development” for many years to highlight the need for equitability between
social, environment and physical pillars of urban growth (Attard and Shiftan, 2015). As evident in
literature, a key element for achieving sustainable urban growth is transportation system efficiency
to meet the fast-paced economic growth and societal transformation while caring for the
environment simultaneously (Zachariadis, 2005). In summary, transport has become a key concern
on the sustainability agenda as a document by Wright (2004) and Zegras and Gakenheimer (2006).
Therefore, the positive contribution of the urban transport system in term of efficient connectivity
with least environmental externalities can help to achieve sustainable urban and built environment.
As discussed in detail in earlier chapters, researchers claimed that analysis of future
impacts by developing growth scenarios under different planning contexts and choices is a
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prerequisite to address the undesirable consequences of proposed policies (Y. Feng and Liu, 2016).
With this aim, scenario-based analysis has emerged to explore variations for “a limited, but
consistent, set of model parameters, delineating feasible future development trends under a set of
pre-defined conditions”(Murray-Rust, Rieser, Robinson, Miličič, & Rounsevell, 2013). Alterative
urban growth scenarios provide an option for planners and stakeholders to visualise the future
impacts of these scenarios at the planning stage. This provides an insight into the planning process
to avoid the undesirable outcomes of policies to promote sustainable urban growth. Additionally,
alternative scenario analysis along with simulation modelling becomes a useful tool for urban
planners, which is contributing in better decision making by providing an appraisement of different
alternatives and trade-offs (Chakraborty and McMillan, 2015; Y. Feng and Liu, 2016; Kishita, et
al., 2016; Radeljak Kaufmann, 2016b; Shiftan, et al., 2003; Vermeiren, et al., 2012). After
understanding the importance of alternative scenario analysis, here comes a question that how-to
analysis scenarios? Researchers have been using different tools, frameworks and numerous set of
indicators for analysing urban growth scenarios in the context of sustainable development
(Dobranskyte-Niskota, et al., 2007; Shen, et al., 2011; Yigitcanlar and Teriman, 2015).
The general idea of the transport impacts can be gained from the natural fuel consumption
globally; 27.4% of world energy demand in 2011 that correspondingly generates large
environmental pollutants (Patrick and Stephen, 2015). Due to urban areas expansion with more
population living in cities, increasing commuting distance and time is reinforcing growing car
ownership which is leading to congestion and other externalities (May, 2013). In view of the
importance of transportation in achieving sustainable urban development, transport impact
indicators were selected to evaluate alternative urban growth scenario in this study. However,
challenges identified in literature in applying the indicators for evaluating urban growth have led
to mix outcomes in different spatiotemporal settings, which results in a little to no gain in
monitoring sustainable urban development (AtKisson, 1996; Herva, et al., 2011; Yigitcanlar and
Dizdaroglu, 2015). Therefore, for this particular study, the selection of transport impact indicators
was done according to the space-time suitability categories. This is because the impacts can be
varied from one geographical scale to another. For example, congestion might be a problem in
urban areas, but not in suburban areas (Cervero, 2006; David A. Hensher, 1998; Wheeler, et al.,
2013); and when the intensity of the congestion levels of these two areas is averaged to derive an
overall congestion level for a city, it does not portray the problem correctly. Secondly, the levels
of impacts vary temporally. For example, the pollution level from the transport might not be
noticed in a short-term period, but if remains uncontrolled, it can have a detrimental effect in the
long-run (Kamruzzaman, et al., 2015; Alan W. Shearer, et al., 2009). These challenges often result
in selecting different indicators for different spatial and temporal scales (Dobranskyte-Niskota, et
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al., 2007), and as a result, existing transport modelling efforts explicitly delimit spatial and
temporal scales (Perveen, et al., 2016, p. 43).
Transport simulation models are extensively used in the world to provide assistance in the
strategic decision making by analysing transport indicators like traffic volumes, travel distance,
time, and congestion. Transport modelling tools helps to assess current and future transport
situations and impacts at macro, meso or micro scale (Hildebrand and Hörtin, 2014). Two most
commonly used software for transport modelling are Emme (INRO, 1999) and Visum (PTV,
2002), developed by INRO respective PTV. Other renowned traffic simulation software’s like
OmniTRANS (OmniTRANS International, 2010), TransModeler (Caliper Corporation, 2011),
Aimsun (Aimsun, 2008) are claimed as a hybrid between a micro, macro, and mesoscopic transport
simulation software. However, these software mainly focusing on the on microscopic simulations
and therefore not often used for macroscopic transport modelling (Hildebrand and Hörtin, 2014).
The selection of transportation modelling tool is a trade-off between the required accuracy of the
prediction and available resources regarding money, time, effort and available data sources.
Therefore, it is not always the case that the selected software gives the most accurate results
depending on the data quality and analyses method. However, the precise calibration of the model
is crucial in order to validate the result’s accuracy from the developed transportation model. Two
greatly acknowledged industry standard software for result’s accuracy; EMME and Visum are
commercial traffic simulation tools provide for travel demand modelling, transportation planning
and network data management. Due to the high cost involved in acquiring commercial software,
there comes a need to consider a freely available transport modelling tool capable of analysing
transportation network of the study area at regional/city and local spatial scale. After reviewing a
number of free tools available for transportation modelling in term of their capacity to analyse the
number of zones, data inputs and outputs, Traffic Analyst tool for ArcGIS was selected for this
study. Traffic Analyst developed by Rapidis (Rapidis, 2011) is a transport planning and modelling
tool, designed for ArcGIS and therefore works as an integral part of ArcGIS. Traffic Analyst tool
is a complete solution for traffic demand modelling at different geographical scales as there is no
limitation of traffic analysis zones. More specifically, it is capable of modelling changes in travel
demand as a result of changes in land uses, demography and infrastructure etc. Traffic analyst is a
fully functional tool for evaluating and predicting transport impacts of alternative urban growth
scenarios under different land use and socio-demographic settings (Rapidis, 2011).
In the previous chapters, the argument was established that analysing alternative urban
growth scenario by using transport impact indicators can help to regulate the urban growth policies
to sustainable development. This chapter presents the results of transport impacts assessment of
urban growth scenarios specifically. This chapter is organized into four parts. The first part is for
the contextualizing the research by providing introduction and background. The second part outline
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the research methodology followed for scenario development, transport impact indicators and
transportation modelling for scenarios at three spatial and three temporal scales. Also, the model
calibration and the results analysis criteria were presented, accordingly. In the third part of the
chapter, the results are illustrated and discussed in detail. In the concluding section; author revisit
the area's prospective futures, highlighting the relevance or our approach to the quest for effective
urban planning responses and sustainable development trajectories.

6.2

METHODOLOGY
This section describes the methods used for the evaluation of alternative urban growth

scenario by measuring selected transport indicators. Further detail is provided in the following
sections;

6.2.1

Selected indicators for scenario evaluation (transport impact indicators)
A list of transport impact indicators was prepared through Delphi survey in previous stages

of this study. From the list, the following three indicators were selected to evaluate the scenarios;
•

Travel distance

•

Travel time

•

Transport network efficiency

Transport network efficiency was selected to use as an indirect indicator for the transport
network density and investments in transport infrastructure to assess the efficiency of the transport
network. The main reason for this replacement was its relevance for calculation through Transport
Modelling and availability of the data at all spatial and temporal scales. The indicators gained
consensus only on one spatial or temporal scale was not used to evaluate the scenario due to the
absence of the comparison factor with other scales.
At the regional level, Travel time and distance from the Brisbane CBD to all other zones
in SEQ were used to analyse alternative urban growth scenarios. Additionally, four cities were
selected to analyse the impacts on the city level. The urban areas with highest workplaces (main
commercial and employment areas) were selected to analyse the travel time and distance. For the
local level spatial scale, four areas were selected based on a combination of statistical local area
(SLA), zones and proposed urban growth areas under different scenarios (See Table 19).
Table 19: Spatial level of analysis
Region
South East
Queensland,
Australia

City
Brisbane

Local
Annerley - Greenslopes Area

Gold Coast

Beenleigh Area

Sunshine Coast

Caloundra Area

Ipswich

Pimpama-Coomera Area
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6.2.2

Scenario evaluation (four stage model for SEQ)
Traffic Analyst tool of ArcGIS was used to generate four stage transport models of SEQ

for all scenarios at three spatial (region, city and local) and four temporals (2016, 2021, 2031 and
2041). Transport model for 2016 was developed as the base year; 2021 as short-term; 2031 as midterm and 2041 as long-term temporal analysis scale for urban growth. Base data was prepared by
using ArcGIS software. However, the main source of SEQ transportation model was from the
Department of Transport and Main Roads (TMR) SEQ transport model data. The TMR SEQ
transport model data retrieved and transferred into ArcGIS for four stage modelling in Traffic
Analyst transportation modelling extension developed by Rapidis (www.rapidis.com). “Traffic
Analyst turns ArcGIS into a fully functional transportation planning system. The core of
Traffic Analyst is a set of advanced modelling tools which plug into the ArcGIS Geoprocessing
framework, supplemented by dedicated editing tools for handling public transport lines and
timetables.
Traffic Analyst allows users to create sophisticated transportation models by using the
ArcGIS Model Builder application and a selection of Traffic Analyst tools, which can freely and
easily be combined with other geoprocessing tools. By completely integrating transportation
modelling tools into ArcGIS, Traffic Analyst allows users to leverage all the powerful features of
ArcGIS for visualization, editing, data management etc. when doing transportation planning’. The
following steps were carried out in Traffic Analyst to generate Transport Model in this study.

6.2.2.1 Stage one – trip production
The South East Queensland model area is divided into 1376 transportation analysis zones.
‘Centroids’ were placed at the centre of every zone and ‘connectors’ were used to connect the
centroids to the road network. Centroids and zones cover the demographic and trip matrices
information for transport modelling. In stage one; demographic information was used to calculate
the trip production and trip attraction for all zones. ‘Trip generation tool in combination with the
‘Trip balancing tool’ was used for this purpose. The Trip Generation tool simply calculates the
production and attraction between zones, whereas, Trip Balancing tool performed an adjustment
that ensured that the total production for the model area equates the total attraction.

6.2.2.2 Stage two – trip distribution
Once the trip-production and attraction for all zones were calculated, the next step was to
calculate how these trips were distributed between the zones. This was done by combining the
‘Furness tool’ and ‘Deterrence tool’ and into a gravity model by using the ‘PA to OD tool’. The
“Deterrence tool calculates a matrix that contains the travel resistance from each zone to all the
other zones while the Furness tool uses this matrix to calculate a proportional distribution of the
generated trips”. The PA to OD tool was used to ensure an accurate conversion of the trip matrix
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from the ‘Production-Attraction’ to the ‘Origin-Destination’ data, optionally considering an
observed direction distribution.

6.2.2.3 Stage three – modal split
Subsequently, a total Origin-Destination (OD) trip matrix was generated that contains
information about the traffic from each zone to all the other zones. To assign the car traffic to the
road network, ‘Modal split tool’ in combination with the ‘Matrix Sum tool’ was used to split this
matrix into a car traffic OD matrix and public traffic OD matrix.

6.2.2.4 Stage four – assignment
The ‘Road Traffic Assignment tool’ was used for assigning the traffic to the road network.
This tool used several input datasets besides the OD trip matrix-like network dataset, route cost
parameters, filter definitions etc. The Filter Definitions were used to create additional output
datasets where the contents must satisfy certain criteria. In this study, the filter definitions were
used to calculate the indicator outputs from designated zones I.e. travel distance from Zone 7 from
Brisbane CBD to all zones and so on. The Figure 10 below is showing main data inputs/outputs in
Transport Model in Traffic Analyst in this study. An overview of four stage transport modelling in
Traffic Analyst is provided in Figure 11.

Parameters

Road Network

Traffic Analysis
Zones

Trip Matrices

Traffic Analyst Model

Network Loads

Traffic Volumes

Cost-Matrix

Filter-Outputs

Travel Time &
Distance

Figure 10: Overview of data inputs/outputs in transport model in Traffic Analyst
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Figure 11: Four stage transport model in Traffic Analyst (Rapidis, 2011)
After iterative modelling runs with provided datasets, the following calculations were
carried out:
•

Traffic volumes, in the form of an amount of traffic per road link

•

Road Traffic Cost Matrix Extended

Traffic volume data was used to calculate the level of services for all roads. Whereas, the
‘Road Traffic Cost Matrix Extended’ used to analyse traffic distance and time at all spatial and
temporal levels for alternative urban growth scenarios. In total, 16 transport models were built for
this study i.e. Business-as-Usual scenario (2016, 2021, 2031, 2041); Environment scenario (2016,
2021, 2031, 2041); Economic scenario (2016, 2021, 2031, 2041); Balanced scenario (2016, 2021,
2031, 2041).

6.2.3

Model calibration and validation
Transport models are only hypothetically as accurate as the calibration process undertaken

during development. Modellers should consider the most appropriate techniques as accurately
validated models form the basis for proposed scheme modelling. Calibration describes the process
of placing verifiable data into a traffic model to replicate observed transportation conditions.
Calibration may require the adjustment of model parameters to reproduce the observed behaviour,
for this reason, the calibration process should be undertaken for each time period being modelled.
The validity of a transport model could be assessed by comparing the model volumes, travel times,
and queue lengths against field observations. Traffic counts Calibration for transport models may
involve adjustment of the demand matrices to match traffic counts (matrix estimation). GEH
(Geoffrey E. Haver) is acknowledged measures of “goodness-of-fit” generally used to compare
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model flows against observed counts(Oregon DOT, 2011). The GEH statistic is a formula to
compare two sets of traffic volumes and gets its name from Geoffrey E. Havers who invented it in
the 1970s while working as a transport planner in Greater London Council. The formula is a form
of Chi-squared statistic that is designed to be tolerant of larger errors in low flows. The reason for
introducing such a statistic is the inability of either the absolute difference or the relative difference
to cope over a wide range of flows. GEH formula (Equation 1) is used as a validation method for
determining an “Acceptable fit” of the model outputs to evaluate how closely volume input and
output are matched. (Roads and Maritime Services, 2013). The GEH criteria for determining the
“Acceptable fit” is provided in Table 20.
2(𝑚 − 𝑐)2
𝐺𝐸𝐻 = √
0.5(𝑚 + 𝑐)

Eq.1 =

Where:
m = output traffic volume from the simulation model (vph)
c = input traffic volume (vph)
Table 20: GEH interpretation guide
GEH Value

Criteria

GEH < 5.0

Acceptable fit

5.0 <= GEH <= 10.0

Caution: possible model error or bad data

GEH>10.0

Unacceptable

Source:(Oregon, 2011; Roads and Maritime Services, 2013)

The base models for 2016, 2021, 2031 and 2041 were calibrated and validated against
traffic count inputs from TMR– SEQ Transportation model matrices that reflects traffic conditions
observed in the study area. During the calibration process, the model was continually revised to
ensure that the most accurate replications of base year conditions are represented. GEH is
calculated for all modelled year’s Business-as-Usual scenario (see Table 21). The overall GEH for
all SEQ Traffic Analyst Models was calculated as below 5.0, which was in the acceptable range.
The GEH value result provides the confidence level on the analysis results.
Table 21: GEH value of SEQ transport model
Base Model

GEH value

2016

0.1882

2021

0.1213

2031

0.1086

2041

0.0045
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6.2.4

Sensitivity analysis
The reliability of the outputs from a traffic simulation model results is strongly connected

to the quality of input variables and its calibration (Qiao Ge, Ciuffo, & Menendez, 2014). Traffic
simulation model Sensitivity Analysis (SA) is important to understand the most influential input
parameters. Sensitivity analysis is essentially required to explore the relationship between the input
parameters and simulation outputs (Zhong, Fu, Ngoduy, Sumalee, & Lam, 2016). Sensitivity
analysis is also a key method to individuate the most significant input parameters of modelling
uncertainties. Wan et al. (2015) stated that sensitivity analysis can “improve parameter calibration
efficiency, avoid over-parameterization, reduce model uncertainty, aid in understanding model
structure, and produce more accurate model outputs”. Various methods are available to evaluate
the model output uncertainty and quantify the importance of the input factors. However, despite of
its importance, a proper sensitivity analysis for traffic models is barely performed in common
practice because of the limitations of time and computational resources(Giap and Kosuke, 2014;
Qiao Ge, et al., 2014; Wan, et al., 2015).
Sensitivity analysis methods can be broadly categorized into two; a) local sensitivity
analysis and, b) global sensitivity analysis. Local sensitivity analysis, also known as one-at-a-time
(OAT) method, is carried out by varying one input parameter at a time and keeping other
parameters at a constant value to analyse its impact on model outputs. Depending on the number
of input variables, OAT method requires multiple model evaluations for estimating the derivatives.
Because of its very high computational efficiency, OAT method is commonly used by many
researchers (Ge, Ciuffo, & Menendez, 2015; Giap and Kosuke, 2014; Hamby, 1994). In contrast,
the variance-based approaches often demand a huge computation and simulation runs because of
many input parameters of traffic model. However, variance-based approaches are capable to catch
the parameters interaction and thus known as global sensitivity analysis technique (Daamen, 2015;
Qiao Ge, et al., 2014; Wan, et al., 2015; Zhong, et al., 2016). One-at-a-time (OAT) sensitivity
analysis method was used in this study to test the sensitivity of outputs against all the input
variables. Uncertainty was investigated under two Generated Traffic (GT) settings (i.e. GT 1.0 and
GT 3.0) as shown in Table 22.
Table 22: Criteria for level of service (LOS)
Parameter

GT 1.0 (Base Case)

GT 3.0 (OAT)

Population

POP1

POP3

Work Places

WP1

WP3

Workers

W1

W3

Work Places primary

WPP1

WPP3

Work Places secondary

WPS1

WPS3

Free speed

FS1

FS3

Queue speed

QS1

QS3

Lane capacity

LC1

LC3
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Scenario GT 1.0 represents the Base-Case under no changes to the parameters. Whereas,
all GT 3.0 scenarios correspond to the three times increased value for the respective input
parameters. All parameters were changed One-at-a-time from GT 1.0 to 3.0 to analyse its impacts
on the outputs generated from the model simulation runs for all scenarios. Uncertainty was
expressed in terms of coefficient of variation (CV) that can be used to compare variability between
different measures (Manzo, Nielsen, & Prato, 2015). The input parameters with the highest CV
values reveal the high sensitivity of output indicators generated under specific OAT scenarios (see
Table 23). Results highlights that the highest sensitive input parameters were Free Speed (GT 3.0
-FS3) and Queue speed (GT 3.0 -QS3) following by Lane capacity (GT 3.0 -LC3) input
parameters. Output indicators also show sensitivity to input parameters variation for Workers (GT
3.0 -W3) and Work Places (GT 3.0 -WPP3, GT 3.0 -WPS3). However, population input (GT 3.0
- POP3) reveals the least sensitivity among all input parameters in the traffic model.
Table 23: Sensitivity analysis results
Scenarios

Travel Time

Travel Distance

Traffic volume/capacity

Average

StDev

CV

Average

StDev

CV

Average

StDev

CV

GT 1.0 (Base Case)

37.036

26.966

0.728

49.048

40.080

0.817

0.146

0.508

3.478

GT 3.0 - POP3

37.036

26.966

0.728

49.048

40.080

0.817

0.147

0.517

3.515

GT 3.0 -WP3

36.790

26.689

0.725

49.049

40.092

0.817

0.139

0.499

3.587

GT 3.0 -W3

36.196

26.031

0.719

49.198

40.217

0.817

0.141

0.483

3.417

GT 3.0 -WPP3

37.070

26.982

0.728

49.045

40.083

0.817

0.146

0.486

3.331

GT 3.0 -WPS3

36.786

26.701

0.726

49.057

40.101

0.817

0.146

0.484

3.320

GT 3.0 -FS3

16.122

12.780

0.793

48.573

39.953

0.823

0.042

0.253

5.996

GT 3.0 -QS3

15.999

12.622

0.789

48.393

39.768

0.822

0.042

0.252

6.018

GT 3.0 -LC3

35.872

26.190

0.730

49.071

40.028

0.816

0.062

0.263

4.243

The sensitivity of outputs against the variation under GT 3.0 scenarios for all inputs were
significant to calibrate the model and to gain the confidence on the modelling outputs. The
sensitivity analysis results for all selected indicator outputs are shown clear variation for all inputs
as shown in Figure 12 to Figure 14.
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Figure 12: Sensitivity analysis of travel time under all variable scenarios
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Figure 13: Sensitivity analysis of travel distance under all variable scenarios
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Figure 14: Sensitivity analysis of volume/capacity ratio under all variable scenarios

6.2.5

Calculation of indicators
Travel time and distance of an entire route from the origin to the destination were

calculated simply by accumulating the data of each link by using Traffic Analyst transport model
output. However, the filter definitions were used to extract the desired information for a particular
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area (i.e. by defining the desired ‘from zone’). Additionally, Monte Carlo Simulation was used to
calculate the average travel time and distance at the local level because the modelled values were
calculated in the selected four localities, however, the values may vary in other localities within
the study area. Monte Carlo simulations methods are used to model the probability of different
outcomes in a process that cannot easily be predicted because of the intervention of random
variables. It is a technique employed to understand the impact of risk and uncertainty in prediction
and forecasting models (Hamby, 1994). Monte Carlo simulation is also referred as probability
simulation technique. The number of simulations in the Monte Carlo method may range from 1000
to 500,000 (Jeon and Hong, 2016; Rubino and Tuffin, 2009). After analysis literature, 5000
simulation runs were used in this study to forecast the average travel time and distance at the local
level.
Transport network efficiency was calculated by using Level of Service (LOS) criteria for
all spatial and temporal scale. Level of service (LOS) is used to qualitatively define the operating
situations of a road based on factors such as travel time, speed, delay, and safety (TRB, 1994). The
level of service (LOS) of a roadway is designated with a letter, A to F, with A representing the best
operating situations and F the worst. The LOS was calculated by using the capacity/volume ratio
formula in Equation 2 as follows:
𝑉𝑜𝑙𝑢𝑚𝑒
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
Level of Service (LOS) criteria based on the volume to capacity ratios used in this study
Eq.2 =

𝑉𝐶𝑅 =

to evaluate the transport network efficiency is described in Table 24.
Table 24: Criteria for level of service (LOS)
Level of
Service
A
B
C

D

E
F

Description

V/C

Free-flow conditions with unimpeded maneuverability.
Stopped delay at a signalized intersection is minimal.
Reasonably unimpeded operations with slightly restricted
maneuverability. Stopped delays are not bothersome.
Stable operations with somewhat more restrictions in making
mid-block lane changes than LOS B. Motorists will
experience
appreciable tension while driving.
Approaching unstable operations where small increases in
volume produce substantial increases in delay and decreases
in speed.
Operations with significant intersection approach delays and
low average speeds.
Operations with extremely low speeds caused by the
intersection
congestion, high delay, and adverse signal progression.

0.00 to 0.60
0.61 to 0.70
0.71 to 0.80

0.81 to 0.90

0.91 to 1.00
Greater Than 1.00

Source: TRB, Highway Capacity Manual (TRB, 1994)
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6.2.6

Normalisation of indicators
Selected indicators have different type of quantitative information with different

measurement units. Therefore, to avoid adding up different scales before going to the aggregation
stage, it is necessary to bring the indicators to the same scale, by transforming them into
dimensionless numbers. This process is called normalisation (Reisi, Aye, Rajabifard, & Ngo,
2014).
It must be noted that some indicators can be considered as negative indicators (i.e.
indicators whose increasing values have a negative impact on sustainability) while others can be
considered as positive indicators (i.e. indicators whose increasing values have a positive impact on
sustainability). To consider both positive and negative indicators in the final ranking, any
normalisation process should take this distinction into account (Lukman, Krajnc, & Glavič, 2010).
Rescaling or min-max method which normalises indicators between the value of 0 and 1, is suitable
for this study because it can differentiate between positive and negative indicators (Reisi, et al.,
2014). Equations 3 and 4 were applied for indicators’ normalisation. It is worth noting that 0 in the
normalised indicators always corresponds to the worst performance and 1 corresponds to the best
performance.
Eq.3 =

𝐼𝑁+

+
𝐼 + − 𝐼𝑚𝑖𝑛
+
+
𝐼𝑚𝑎𝑥
− 𝐼𝑚𝑖𝑛

Eq.4 =

𝐼𝑁−

−
𝐼𝑚𝑎𝑥
− 𝐼−
−
−
𝐼𝑚𝑎𝑥
− 𝐼𝑚𝑖𝑛

Where:

IN= Normalised indicator I
“+” = For indicator whose increasing value has a positive impact on sustainability
“-”= For indicator whose increasing value has a negative impact on sustainability
min = Minimum value of the indicator
max = Maximum value of the indicator

6.3

RESULTS

6.3.1

Analysis of transport impacts
With the aim of using indicators to analyse transport impacts, this study evaluates

alternative urban growth scenarios at different spatial and temporal scales. Following section is
highlighting the key outcomes of all indicators from the analysis exercise done by GIS and
Transportation modelling. Additionally, Appendix A is presenting the maps of analysis outputs
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form Transport Modelling exercise. Due to the large number of results, author find it suitable to
provide the maps in Appendix A.

6.3.1.1 Travel time
Travel time is considered as one of the easy to understand and reliable indicator to measure
the quality of transportation network efficiency. Travel time represents the non-monetary cost of a
trip that varies according to the transport mode and travel purpose generally. Travel patterns
deviated under different urban growth scenarios, and can, therefore, have the effect of reducing or
increasing the travel time and delays(Koopmans, Groot, Warffemius, Annema, & HoogendoornLanser, 2013). Travel time directly affects the congestion level and other transport related
externalities that help in evaluating alternative urban growth scenarios(Perveen, et al., 2016). The
summary of travel time indicator outcomes from transportation modelling exercise at all spatial
and temporal scales is provided in Table 25. The results for travel time indicator from all scenarios
reveal that, there is significant variation at all spatial scale within scenarios. In the context of
temporal scale, travel time indicator values show more variation at short-term and long-term scale.
The values at mid-term scale were tending to somehow similar to the short-term outputs with some
variation in different urban growth scenarios. The detail of travel time results on regional, city and
local level is discussed in the following subsections;
Table 25: Average travel time (minute)
Year

Business-as-Usual
scenario

Environment
scenario

Economic
scenario

Balanced (Env+Eco)
Scenario

41.550
42.071
42.191
40.881

40.071
38.582
40.306
39.409

39.817
40.687
39.810
38.528

17.133
17.855
17.169
18.663

15.678
16.427
16.619
15.908

15.417
16.259
15.429
15.105

10.593
11.303
10.683
12.099

9.131
10.009
10.124
9.351

8.872
9.596
8.871
8.552

12.68
12.07
11.73
13.19

11.25
11.87
12.06
10.54

12.07
11.44
10.57
10.86

Region
2016
37.036
2021
36.551
2031
36.292
2041
36.064
City
2016
12.643
2021
12.655
2031
12.582
2041
12.615
Local
2016
6.095
2021
6.076
2031
6.092
2041
6.064
Local: Monte-Carlo Simulated Values
2016
9.15
2021
9.38
2031
8.47
2041
7.63

a) Regional spatial scale

Average travel time calculated at the regional level is showing a variation among all
scenarios as presented in Figure 15 and Table 25. Because the values are presented as the average
of all zones, therefore the values are not depicting the great variation in term of a unit of travel time
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measurement (Minutes). Besides, the overall trend of travel time in all scenarios was showing
increment from 2016 to 2021 and 2031, but a slight decline in 2041. The inclusion of new roads
and lanes on highways might be a reason behind this decline in 2041. When comparing the
scenarios, overall Business-as-Usual scenario was showing a trend of least travel time for all
temporal scales. However, the Business-as-Usual scenario was not considering the sustainable
urban growth policies implemented by other scenarios. Therefore, the comparison was only
significant between Environment, Economic and Balanced scenario to identify the suitable
scenario for sustainable urban growth development. The highest average travel time was recorded
for Environment scenario following by Economic scenario. The Balanced scenario was showing
the least travel time among three generated scenarios excluding Business-as-Usual. Commuting
time from origin to designation depend on many factors including transport network efficiency and
in turn is responsible for many environmental externalities including pollution (air, noise) and
increased natural resource consumption. Therefore, the scenarios with the least travel time for all

Minutes

modelled years can promote positive impact to sustainable urban growth.
Travel Time (Minutes) - Region

43
42
41
40
39
38
37
36
35
34
33

Buisness as usual
Environment
Economic
Balanced
(Env+Eco)
2016

2021

2031

2041

Figure 15: Average travel time at regional level
b) City spatial scale

Travel time analysis at the city level was somehow following the regional trends in
Environment, Economic and Balanced scenario except for Business-as-Usual scenario. Businessas-Usual presented no notable variation in average travel time from 2016 to 2014. Economic and
Balanced scenario follow the same patterns from 2016 to 2021 but travel time calculated greater
than Balanced scenario in 2031 and 2041. However, travel time for Environment scenario indicated
the same trend as observed on regional level analysis i.e. highest measured indicator value among
all scenarios (see Figure 16 and Table 25).
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Travel Time (Minutes) - City Level
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18
16

Business as usual
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Figure 16: Average travel time at city level
c)

Local spatial scale

Travel time analysis at local spatial scale was analysed by Transport Modelling exercise
as well as by using Monte Carlo simulations. Comparison of both modelled and simulated travel
time reveals that simulated values though followed the same trend as modelled values but with
slightly higher values. As shown in Figure 17 and Table 25, Environment and Economic scenarios
were not following the same trend as it was on the regional and city level. Environment and
Economic scenarios were sharing an almost equal share of higher values among all four scenarios.
Furthermore, the travel time in Balance scenario was lower than the Environment and Economic
scenarios in modelled data but not presenting a significant variation in simulated Monte Carlo
values.

Minutes

Travel Time (Minutes)
14
12
10
8
6
4
2
0
2016 2021 2031 2041 2016 2021 2031 2041 2016 2021 2031 2041 2016 2021 2031 2041
Business as usual

Environment

Economic

Balanced
Modelled

Simulated

Figure 17: Comparison of modelled and simulated average travel time at local level

6.3.1.2 Travel distance
Travel distance is considered playing a key role in GHG emissions from motorised traffic.
Increase trip frequencies and travel distances cause more GHG emissions along with other
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transport related costs. Socio-economic and demographic patterns are main factors directly
affecting the travel distances in any locality. Therefore, an urban growth scenario with lower level
GHG emissions because of shorter distances between origin and destination locations can be
considered as sustainable one. Travel distances at different spatial and regional levels were
measured and compared to identify the sustainable scenario. The summary of travel distance
indicator outcomes from transportation modelling exercise at all spatial and temporal scales are
provided in Table 26. The result for travel distance indicator from all scenarios reveals that there
was no significant variation at all temporal and spatial scale. However, the values indicated a slight
variation among different urban growth scenarios. The detail of travel distance results on regional,
city and local level is discussed in the following subsections;
Table 26: Average travel distance (Km)
Year

Region
2016
2021
2031
2041
City
2016
2021
2031
2041

Business-as-Usual
scenario

Environment
scenario

Economic
scenario

Balanced
(Env+Eco)
Scenario

49.048
49.080
48.996
48.994

49.840
49.647
49.903
49.799

49.337
49.437
49.310
49.441

49.231
49.233
49.216
49.239

13.923
13.910
13.859
13.878

14.712
14.536
14.753
14.679
Local
7.268
7.056
7.339
7.232

14.214
14.257
14.207
14.337

14.105
14.108
14.088
14.152

6.769
6.742
6.789
6.886

6.662
6.636
6.659
6.705

7.91
8.37
7.00
7.97

7.01
7.79
6.74
8.01

7.69
6.37
5.42
6.32

2016
6.479
2021
6.443
2031
6.446
2041
6.432
Local: Monte-Carlo Simulated Values
2016
8.53
2021
7.77
2031
6.88
2041
7.59

a) Regional spatial scale

Travel distances at regional level demonstrated a correlation with travel time trends
observed for all scenarios that are agreed from transport modelling perspective as travel time and
distance both are products of same cost matrixes presenting travel patterns between zones.
Excluding Business-as-Usual scenario, travel distance for Environment scenario was measured as
highest for all years following by Economic scenario and Balanced scenario respectively (see
Figure 18 and Table 26). Policies in Environment scenario promote urban growth away from floodprone and other environmentally sensitive areas, which results in assumed future urban growth not
close to the river banks and coastlines as well as other reserved areas. Therefore, the travel distances
increased as compared to the Business-as-Usual scenario. Whereas policies in Economic scenario
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promotes to generate new commercial and employment centres. Therefore, the travel distances to
and from the key commercial and urban centres was distributed and travel patterns were changed
from long distance travels to the neighbourhood commercial and employment centres. These travel
patterns affirm the modelled indicator values for both travel time and distances.

Travel Distance (Km) - Region

50.0
49.8

Buisness as
usual
Environment

49.6
49.4

Km

49.2
49.0

Economic

48.8
Balanced
(Env+Eco)

48.6
48.4
2016

2021

2031

2041

Figure 18: Average travel distance at regional level
b) City spatial scale

Travel distances at the city level indicated that, except for the Environment scenario, other
scenarios somehow depicted an almost same growth trend from 2016 to 2041. However, the
Environment scenario presented dissimilarity as compare to the other three scenarios. More
specifically, Travel distance was high in 2016; were dropped to its lowest in 2021 and again
increased in 2031 with further dropped in 2041. Notably, the values in Environment scenario at
city level was adopting a contrast trend i.e. values in other scenarios rising and values in
Environment scenario was decreasing and vice versa (see Figure 19 and Table 26).

Travel Distance (Km) - City Level

15.0

Km

14.8
14.6

Business as usual

14.4

Environment

14.2

Economic
Balanced

14.0
13.8
13.6
13.4
2016

2021

2031

2041

Figure 19: Average travel distance at city level
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c)

Local spatial scale

Similar to the travel time, travel distances at the local spatial scale were measured through
Transport modelling exercise and by using Monte Carlo simulations (see Figure 20 and Table 26).
The comparison between simulated and modelled values reveals a noticeable variation for all years;
however, about 40% of the simulated values follow the modelled value trends. The analysis of at
local spatial scale indicated that travel distance indicator is important to evaluate at different spatial
scales for accurate assumptions regarding the suitability of urban growth scenarios.

Km

Travel Distance (Km)
9
8
7
6
5
4
3
2
1
0
2016 2021 2031 2041 2016 2021 2031 2041 2016 2021 2031 2041 2016 2021 2031 2041
Business as usual

Environment

Economic
Modelled

Balanced
Simulated

Figure 20: Comparison of modelled and simulated average travel distance at local level
6.3.1.3

Transport network efficiency (level of service)
Level of service (LOS) has been deliberated as one of the most popular measures of

transport network efficiency by assessing traffic congestion. Traffic congestion wastes time and
energy, causes pollution, stress, decreases productivity, and imposes costs on society(Rao and Rao,
2012). Congestion can simply be defined as the excess demand for road travel. The LOS concept
adapted as volume to capacity ratio provides a good measure of the traffic volume compared to
roadway capacity under existing and future conditions. Therefore, volume-to capacity was used as
a measure of transport network performance for all scenarios. Specifically, LOS value F was used
to understand the transport problematic “congestion hotspots” at different spatial and temporal
scales. The modelled LOS for all spatial and temporal scales indicated that this indicator of
transport impacts reveals reasonable variation at local spatial scale under different scenarios. LOS
indicator also presented noticeable variation at city level; however, the differences in the values
were moderate as compared to the local level variations. In contrast, the LOS indicator’s value
showed less variation at the regional level. The key criteria F was considered to measure the
variation in indicators value.
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The summary of results of LOS at all spatial and temporal scale is provided in Table 27
and further discussed in the following subsections;
Table 27: Transport network efficiency (% of measured LOS)
Region

Balanced scenario

Economic scenario

Environment scenario

Business-as-Usual
scenario

2016

2021

2031

City
2041

2016

2021

Local

2031

2041

2016

2021

A 95.56 95.65 99.51 99.42 92.89 94.15 99.41 99.26 88.82 88.57

2031

2041

98.12 97.84

B

0.52

0.79

0.02

0.03

0.72

1.04

0.04

0.06

0.38

1.43

0.02

0.01

C

0.47

0.72

0.06

0.07

0.66

0.91

0.12

0.13

0.90

1.85

0.31

0.38

D

0.33

0.56

0.05

0.02

0.62

0.75

0.11

0.04

0.57

2.02

0.30

0.03

E

0.20

0.57

0.08

0.04

0.37

0.79

0.16

0.09

0.46

1.13

0.00

0.09

F

2.92

1.71

0.27

0.42

4.74

2.37

0.16

0.42

8.87

5.00

1.26

1.65

A 99.76 99.68 99.51 99.42 99.84 99.68 99.41 99.27 99.23 98.39

98.12 97.84

B

0.15

0.16

0.02

0.04

0.16

0.16

0.04

0.07

0.40

0.26

0.02

0.01

C

0.08

0.12

0.06

0.07

0.00

0.09

0.12

0.13

0.27

1.25

0.31

0.38

D

0.01

0.04

0.05

0.01

0.00

0.07

0.11

0.02

0.10

0.10

0.30

0.03

E

0.00

0.00

0.08

0.06

0.00

0.00

0.16

0.12

0.00

0.00

0.00

0.38

F

0.00

0.00

0.27

0.40

0.00

0.00

0.16

0.39

0.00

0.00

1.26

1.36

A 99.72 99.56

100 99.41 99.77 99.52

100 99.24 98.60 98.03 100.00 97.84

B

0.13

0.08

0.00

0.04

0.08

0.15

0.00

0.07

0.49

0.33

0.00

0.01

C

0.14

0.11

0.00

0.07

0.16

0.13

0.00

0.14

0.91

0.00

0.00

0.38

D

0.00

0.08

0.00

0.02

0.00

0.02

0.00

0.05

0.00

0.37

0.00

0.03

E

0.00

0.09

0.00

0.06

0.00

0.07

0.00

0.12

0.00

0.74

0.00

0.38

F

0.00

0.07

0.00

0.40

0.00

0.11

0.00

0.38

0.00

0.54

0.00

1.36

A 99.72 99.56 99.89 99.41 99.76 99.52 99.84 99.24 98.60 98.03

98.94 97.56

B

0.13

0.07

0.10

0.05

0.07

0.14

0.16

0.10

0.46

0.33

0.97

0.42

C

0.15

0.12

0.00

0.07

0.17

0.15

0.00

0.14

0.94

0.00

0.09

0.53

D

0.00

0.08

0.00

0.02

0.00

0.02

0.00

0.05 25.53

0.37

0.00

0.03

E

0.00

0.09

0.00

0.04

0.00

0.07

0.00

0.08

0.00

0.74

0.00

0.09

F

0.00

0.07

0.00

0.40

0.00

0.11

0.00

0.39

0.00

0.54

0.00

1.36

a) Regional spatial scale

Analysis of Level of service (LOS) measure at the regional level indicated that, as
anticipated more than 95 % of the roadways were not facing congestion. This was because the
congestion issue is mostly related to main roads and highways connecting major commercial and
employment areas like CBD. A predominant part of the transportation network mostly includes
streets and small roads (excluding CBD) which barely face congestion problems because of low
traffic volumes. Visual analysis of the LOS data for F criteria represented the real-world scenarios.
The congestion level for Business-as-Usual scenario was measured as highest among all scenarios
in 2016 and 2021, which gradually decrease in 2031 and 2041. Values measured for Environment
scenario show congestion levels slightly higher than Economic and Balanced scenario. However,
Balanced and Economic scenarios were showing similar trends of least congestion levels at all
years as compare to Business as usual and Environment scenarios (see Figure 21 and Table 27).
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Level of Service (F)
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3
Buisness as
usual
Environment

Percentage (%)

2.5
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Economic

1.5

Balance

1
0.5
0
2016

2021

2031

2041

Figure 21: Level of service – F (%) at regional level
b) City spatial scale

Level of Service values calculated at city levels presented in some way similar propensities
as shown at the regional level. However, the congestion levels estimated for the Balanced scenario
expressed that the transport network performance was good as compared to the other scenarios,
especially Business as usual. Business-as-usual scenario comes up as the worst performer in term
of transport network efficiency assessed by LOS criteria. Interestingly, the Environment scenario
was not showing a different trend of higher values measured for other indicators. However, the
LOS was higher when compare with the Economic and Balanced scenario. In conclusion, the
Balanced scenario performed better at city level according to the LOS data analysis (see Figure 22

Percentage

(%)

and Table 27).
Level of Service (F)

5
5
4
4
3
3
2
2
1
1
0

Buisness as
usual
Environment
Economic
Balance

2016

2021

2031

2041

Figure 22: Level of service - F (%) at the city level
c)

Local spatial scale

LOS measured at local level revealed a contrast to the trend measured at the regional and
city level spatial scale. Economic scenario depicted the least congestion at the local level. On the
other side, the Business-as-Usual and Balanced scenarios came up as worst-case scenarios. The
Environment scenario also revealed lower congestion levels as compared to the Business-as-Usual
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and Balanced scenario. As shown in Figure 23 and Table 27. Contrast LOS values measured at
local level reaffirms that the indicators need to be measured at different levels to come up with a
representative value of “best-case” or “worst-case” scenarios.

Percentage (%)

Level of Service (F)
10
9
8
7
6
5
4
3
2
1
0

Buisness as usual
Environment
Economic
Balance

2016

2021

2031

2041

Figure 23: Level of service - F (%) at the local level

6.3.2

Ranking of urban growth scenarios
Indicators used in this study tend to differ within their range of values and measurement

units. Therefore, it is essential to standardize these values using a certain aggregation method, so
that their range of variability is constant (Lukman, et al., 2010). A suitable normalization procedure
was used as explained in the methodology section, and Indicator’s values at all spatial and temporal
scalers were normalised to rank the scenarios (see Table 28). In the normalised values from 0-1,
the “higher is better”, which provides the clear compatibility of different indicators to come up
with the best-case scenario for sustainable development. After normalization of indicators,
aggregation was performed to rank the scenarios for sustainable urban growth. Scenario
Aggregation Index (SAI) formula (see Equation 5) was used to aggregate the indicators to rank the
scenarios (Böhringer and Jochem, 2007).

Eq.5 =

𝑆𝐴𝐼 =

𝑁
1
∑ 𝑥𝑖
𝑁
𝑖=1

Where:
N= N is the number of indicators considered
xi= Normalized indicator

Queensland University of Technology

104

Chapter 6: Modelling Transport Impacts of Urban Growth Scenarios

Table 28: Urban growth scenarios: min-max normalized values
Business as usual
Indicators Years
Travel
Distance

Travel
Time

Transport
Network
Efficiency

Environment

Economic

Balanced (Env+Eco)

Region City Local Region City Local Region City Local Region City Local

2016

0.00 1.00

1.00

0.49 1.00

0.95

0.14 1.00

1.00

0.40 1.00

1.00

2021

0.50 0.00

0.00

0.09 0.00

0.17

1.00 0.00

0.09

0.00 0.00

0.00

2031

0.77 0.32

0.40

0.00 0.27

0.23

0.00 0.12

0.00

0.41 0.46

0.48

2041

1.00 0.38

0.17

1.00 0.31

0.35

0.52 0.38

0.41

1.00 0.59

0.42

2016

0.37 1.00

0.00

0.25 1.00

0.30

7.64 1.00

0.07

0.34 1.00

0.24

2021

0.00 0.00

0.40

1.00 0.00

0.00

7.62 0.00

0.00

0.28 0.00

0.02

2031

0.98 0.63

1.00

0.00 0.45

0.29

7.64 0.61

0.17

1.00 0.43

0.00

2041

1.00 0.77

0.55

0.41 0.68

1.00

7.62 0.74

1.00

0.00 0.66

1.00

2016

0.00 0.00

1.00

1.00 1.00

1.00

1.00 1.00

1.00

1.00 1.00

1.00

2021

0.46 0.48

0.49

1.00 1.00

1.00

0.83 0.71

0.61

0.83 0.72

0.61

2031

1.00 0.00

0.00

0.32 0.60

0.08

1.00 1.00

1.00

1.00 1.00

1.00

2041

0.95 0.06

0.05

0.00 0.00

0.00

0.00 0.00

0.00

0.00 0.00

0.00

The calculated SAI value as shown in Table 29 highlighting the Balanced scenario ranked
as 1st in order to promote sustainable urban growth in the study area. Economic scenario was
ranked as second for sustainable urban growth in South East Queensland. Therefore, the policies
identified under Balance scenario were appraised as suitable policies for sustainable urban growth.
Overall, the transport impact indicator’s analysis validates the selection of these policies as well as
the methods to evaluate the scenarios.
Table 29: Ranking of urban growth scenarios based on SAI values
All Spatial and Temporal Scale
Indicators

Business
as usual

Environment

Economic

Balanced
(Env+Eco)

Travel Distance

0.46

0.41

0.39

0.48

Travel Time

0.56

0.45

0.45

0.41

Transport Network Efficiency

0.37

0.58

0.68

0.68

SAI Value

0.47

0.48

0.51

0.52

Ranking

3

4

2

1

*Highest SAI value is better for promoting sustainable urban growth

6.4

CONCLUSION AND RECOMMENDATION
If sustainable urban growth is defined only in terms of natural resources (fuel)

consumption and GHG emissions, more efficient and alternative fuel vehicles may provide the best
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solution. Unfortunately, these solutions do not help achieving the broader goal of sustainable
development due to lack of other planning concerns aiming to reduce traffic congestion, improved
commuting patterns, efficient land use for promoting less travels demand. Consequently, the urban
growth policies that support improved travel patterns with reduced travel distances and time while
providing more accessible land use forms is considered more sustainable urban growth policies
(Litman, 2007b). Alternative urban growth scenario analysis can provide a way to identify the bestcase scenario to achieve sustainable development in the future. Therefore, this study attempts to
analyse four alternative urban growth scenarios; Business-as-Usual, Environment, Economic and
Balance scenario. The policies for all scenarios were identified through two-step Delphi survey
processes. Also, a list of transport impact indicators was also identified through the Delphi survey
process for analysing the scenarios.
Assessment of transport impact indicators helps to answer the question in this study i.e.
what transport impacts might cause under different alternative urban growth scenarios? Travel
time, distance and transport network efficiency through LOS were measured for all urban growth
scenarios for 2016, 2021, 2031 and 2041 in order to analyse the transport impacts on short-term,
mid-term and long-term temporal scales. Furthermore, all indicator outcomes were measured at
the regional, city and local level to fill the gap in previous scenario analysis practice lacking the
multi-scale level analysis. Traffic Analyst tool of ArcGIS software was used to simulate transport
in the study area at spatial and temporal scales.
The findings of this study proved that transport impacts vary from one
geographical/temporal scale to another. Therefore, the analysis of impacts at different spatial and
temporal scale is crucial for accurately recognizing sustainable urban growth policy among many
alternatives. Transportation models were developed for SEQ at regional, city and local level under
different policy scenarios, and measured the average travel distance, time, and LOS in 24 hours’
time span. These estimates provide the basis for assessment performed for all scenarios to delineate
sustainable scenario with the least negative transport impacts. Other key findings of this study are;
•

The suitability of the proposed travel time indicator revealed similar outputs from the
modelling exercise and the results support the consensus provided by the experts at
different spatial and temporal scales. Travel time indicator has gained the consensus as
important indicator at all spatial scales from the experts and modelling outputs shows
variation in average travel time at all spatial scales. Similarly, travel time indicator gained
the consensus on long-term and short-term temporal scales and model reflects the
significant variation in outputs for these temporal scales.

•

The suitability of travel distance indicator was not reflecting the consensus from experts
at local and regional spatial scale. Also, the model outputs exhibited no major variation at
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average travel time at suggested temporal scales as well. However, there was some
noticeable variation among different urban growth scenarios.
•

Transport network efficiency measured by LOS criteria reflects noticeable variation at
local and city level spatial scale; however, the differences in the values were less obvious
at the regional level. In the context of the temporal scale, the variation in values of LOS
criteria F was significant at all temporal scales.

•

Mostly, emissions from long-distance travel contribute to more GHG emissions.
Therefore, the urban growth policies with higher travel distance, time and increased
congestion will have negative environmental outcomes.

•

Aggregated Indicator values comparison reveals that the Balance (Environment +
Economic) scenario is the best-case scenario to promote sustainable urban development
in SEQ region.
Despite the above key findings, this study has some limitations and several questions

remain open for further research. The selection of socio-demographics for different urban growth
scenarios was done by self-selection process, which could be improved by stakeholder’s
consultation in the process. We cannot rule out the possibility of a different socio-demographic and
land use pattern when generated through stakeholder’s consultation. Notably, the stakeholder
consultation was involved to generating qualitative urban growth scenarios but doing same for
converting descriptive scenarios to Traffic Analyst transportation models may require years to
develop because of a large number of desired scenarios/transport models. This implies that the
socio-demographic and land use patterns could differ if stakeholders had control of preference
patterns. Furthermore, the results could be different if more indicators were used to analyse the
transport impacts of urban growth scenarios. Additionally, this study stressed to analyse alternative
urban growth scenario at different spatial and temporal scale, which involved longer time than
other scenario analysis approaches performed only on one spatial or temporal scale. Not only time
but the data and efforts involved in multi-scale analysis highly also increase extensively. It has to
be mentioned that this study only focusses on travel time, distance and LOS. For instance, this
study does not look at GHG emissions and other pollution, which promotes the idea of a sustainable
urban growth. The results from this study could further incorporate into the environment model to
evaluate the GHG emissions at multi-scale level.
There are some limitations to the use of strategic transport models such as SEQSTM
related to the assessment of public transport network strategy. Such models are not designed to
forecast effects at a detailed local level. Additionally, because this study required generating
alternative urban growth scenarios for different temporal scale from year 2016 to 2041. The data
availability of the future growth of public transport network constraints the analysis processes to
limit to the overall traffic volumes instead of public/private vehicle types.
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All in all, in the lights of the findings in this research, urban growth policies with least
environmental impacts should be promoted with measured future impacts. This idea suggests that
by visualising the future outcomes of today’s policies can prevent us from the undesirable
environmental outcomes that obstruct sustainable urban growth.
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7

7.1

INTRODUCTION
Urban growth is an important phenomenon which is taking place on an unprecedented

scale, and its impacts on society and the environment are evident. Institutions, urban planners
and governments adopted various frameworks and assessment tools to promote sustainable urban
growth (Shen, et al., 2011). Sustainability indicators, composite indices and integrated land use
transportation simulation models are a few examples of the tools used to monitor sustainable
development (Ness, et al., 2007). Recently, scenario-based planning has gained considerable
importance as it facilitates the policy makers to foresee and mitigate the conflicts among urban
growth subsystems—i.e. environmental, economic, and social. In theory, an evaluation of urban
growth through scenario-based planning helps planners to better assess the future impacts of
growth and develop better policies and plans. Within this context, the assessment of transport
impacts is particularly important as transport plays an important role in shaping urban growth.
Additionally, the transport sector alone is responsible for about one-third of the greenhouse gas
emissions of cities, which have detrimental effects on the environment, economy, community
health, and quality of life. Analysing transport impacts of various urban growth policies at multilevel spatial and temporal scales could provide enormous positive spin-offs in the overall
assessment of the sustainability of urban growth policies. In practice, however, scarce evidence
exists outlining the challenges of scenario-based evaluation and how-to best address these while
modelling the transport impacts of various urban growth scenarios at multi-scale level. Among the
many challenges to achieve sustainable urban growth, finding suitable transport impact indicators
for evaluating the urban growth scenarios at different spatial and temporal scale is crucial to
understand the potential outcome of policies in the future. Therefore, this research identified a list
of key transport impact indicators to evaluate alternative urban growth scenarios at a multi-scale
level to identify the policies promoting sustainable urban growth in SEQ region.

7.2

KEY FINDINGS AND CONCLUSION
The research evolved around three research questions to achieve the overall aim of this

study “to model the transport impacts of alternative urban growth scenarios”. The following
sections summarise the findings associated with each research questions. This enables to draw
conclusions of this research and ultimately to answer the research questions.
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7.2.1

How can urban growth indicators be determined in terms of context, space
and time?
Indicators can be used to understand how land use development throughout the region will

change in response to changes in the transportation system or how changes in land use will cause
changes in travel patterns. Indicator values provide the capability of performing “What If
Analysis”. As discussed in previous chapters, urban growth and transportation interaction is a twoway phenomenon and the impacts of changes in one are discernible on the other. The indicators
determining impacts of urban growth and transportation interaction needs to be measured in the
context of time and space at multi-scale level. Selection of indicators representing one spatial or
temporal scale could undermine the impacts on other levels. As argued in the literature, for
sustainable planning policies, the understanding of the outcomes of those policies at different
spatial and temporal scale is crucial. At the same time, the main challenge to adopt sustainable
urban growth policies comes from the fact that cities have to create a balance within resource
consumers (transportation/ society) and resource provider (environment). Transportation is one of
the main natural resource consumers and is the primary source of GHG emission worldwide.
Therefore, measuring transport impacts when planning urban growth policies can lead to
practically adopt those policies by avoiding undesirable outcomes.
The use of indicators in transportation and land use studies is not, of course, new.
Indicators vary depending on the spatial and temporal scale of analysis and on the ultimate goal of
the project, although most of the common indicators often used in previous attempts to measure
impacts of urban growth. In contrast to the previous researches, this study evolved around situating
the indicators according to their suitability in a different time and space context. Furthermore, when
it comes to identifying and using indicators, there are at least two important issues to consider:
validity and reliability. In this regard, this study proposed a method to involve stakeholder’s
consultation in the process of selecting indicators.
In general, the indicators to monitor urban growth policy’s impacts should cover all scales
(spatial/temporal) and scopes (all indicators) over the long-term. In practical terms, however, it is
difficult to consider all impacts at all scales, for eternity. At a bare minimum, the sustainable urban
growth policies evaluation required explicitly identify the key representative indicators at various
measurable scales. Therefore, this study proposed a list of key representative indicators at different
spatial (region, city, local) and different temporal (long-, medium-, short-term) scales. Transport
simulation models were successfully used for measuring selected transport impact indicators which
were analysed and compared quantitatively in order to reach a qualitative solution i.e. sustainable
urban development policy. Three selected indicators i.e. Travel Time, Travel Distance and LOS
were measured at all proposed temporal and spatial scales for four alternative scenarios. The
findings from this study prove that the transport impacts vary from one spatiotemporal scale to
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another. Furthermore, the analyses of the indicator’s results also justified the selection of those
indicators at specific spatiotemporal scales by experts through the Delphi consensus process.
Therefore, the presentation of space-time dyad of indicators in this research ease the indicator
selection processes by answering questions such as which indicators are suitable for a regional
scale to monitor transport impacts of urban growth over a long-term period? Or which indicator is
suitable for all spatial and temporal scale to assess the transport impacts of urban growth? The
proposed indicators are multi-level indicators and can be used for neighbourhood/suburb (mezzo)
and city/region (macro). This study did not include micro (parcel) level indicators for assessing
transport impacts of urban growth.
In conclusion, it has been determined that the identified transport impact indicators can be
employed from regional to the city/local levels when urban planners and managers have to
analyse/assess the policies to be used for sustainable urban development. In order to provide a more
realistic set of transport impact indicators for sustainable urban growth, the authors first carried out
an analysis of the methods for identification of suitable indicators to verify through stakeholder’s
consultation which is then again verified through transport simulation models. The main purpose
of doing this was to construct an indicator-based framework, which was explored empirically in
the second phase of this research. During such phase, the authors validated the indicators
framework by means of outputs of indicator values and their role in selecting sustainable urban
growth policies. By doing so, a method for selecting indicators, a list of key transport indicators
and a framework to analyse those indicators is proposed. Therefore, the findings from this research
contribute to policy, theory and empirical aspects of the research.

7.2.2

How can alternative urban growth scenarios be developed?
Many of the countries all over the world facing a rapidly growing urban population are

developing strategies to achieve sustainable urban growth (Jun and Hur, 2001). Cities have great
impacts on people’s behaviours, lifestyles, and resource consumption patterns. Therefore, a
development that is sustainable is crucial not only for increasing the liveability of cities but also
for mitigating the environmental problems. In general, the concept of sustainable urban
development is broadly linked with policies, urban density, form, design, amenities and
infrastructure (Minnery, 1992). Ample research has been done so far but achieving sustainable
urban growth is still a complicated and unresolved task. This research is based on the idea that we
can shape urban development principally by formulating sustainable urban growth policies—even
though the terms ‘sustainability’ and ‘development’ are contradicting and for many sustainable
developments is an oxymoron (Burke, et al., 2011a; Musa, et al., 2015). However, still, the
presented urban management and development approach help institutions and governments to
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initiate a thought process for wider and successful implementation of the sustainability agenda, and
consequently, move us one step closer to achieve more sustainable outcomes (K. Li, et al., 2007).
This research contributes to the knowledge by selecting and verifying a universal list of
policy scenarios for sustainable urban growth management. Initially, 19 policy scenarios were
selected from the literature. The validity of these scenarios was tested through a two-round of
Delphi survey involving experts from five sectors (urban planning, transport planning, economic
planning, social planning, and environmental planning) from all over the world. The experts rated
the importance of the scenarios that were statistically analysed to identify key policy scenarios
according to their importance (highly important, important, moderately important, and less
important). The expert’s participated in this study were selected from all over the world and thus
represented the worldwide view of a sustainable urban future. The findings, therefore, offer
valuable guidelines for planners, modellers, and policy makers in adopting suitable policy
priorities, and thus ease the daunting task of generating sustainable policy solutions. In this
research, the policy scenarios are classified under three themes: environment focused, economyfocused, and balanced between environment and economy. This thematic classification would also
enable practitioners to select the right set of policy scenarios according to their own priority setting
within a local context.
The identified policy scenarios are not meant to predict or forecasts, instead, they are to
create visions for alternative outcomes. The list of identified policies then analysed/evaluated
empirically through simulation modelling and transport impact indicators to assess the future
outcomes of these policies. The results were aggregated under four scenarios (as mentioned above)
to rank them according to their benefit for promoting sustainable urban growth with minimum
negative transport impacts of those policies. Among four scenarios evaluated in this study, the
Balance scenario emerged as a best-case scenario to promote sustainable urban growth in the study
area. The key policies identified belonged mainly to environmental concerns of urban
development. Policies of ‘avoiding high-risk development in flood zones’ and ‘sustainable scale
of economic activity within the ecological life-support system’ should be considered as imperative
in the process of urban growth management. Additionally, the policy on ‘less energy-intensive and
efficient public transport systems with low fares to demote private car usage’ can help substantially
decreases the use of natural resources and emission of greenhouse gas. Similar to these policies,
‘reducing environmental pollutions’, and ‘urban growth policies for conserving environmentally
sensitive areas’ should be kept highly important in planning future urban growth policies.
The framework proposed in this research to visualise the future impacts of proposed
policies (alternative scenarios) can be used to validate empirically different urban growth policies.
Therefore, the method proposed in this study is contributing in research/academia by bridging a
gap in the literature for the quantitative evaluation of qualitative policies before execution. This
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research also contributes to the policy as policymakers and urban planning stakeholders can use
the proposed method and list of urban growth policies for further analysis as an instrument to gain
knowledge of the future. Specifically, the policies identified under Balanced scenario can assist in
the sustainable urban growth management as the identified policies are promising least
environmental externalities as identified and discussed in chapter 5 of this thesis. The methodology
proposed in this research can help urban planners to select sustainable urban growth policies
through visioning of possible futures with awareness of uncertainties in their policy decisions.

7.2.3

What are the possible transport impacts of alternative urban growth
scenarios?
Many researchers and practitioners argue that GHG emission from the transport is the

fundamental concern for sustainable urban development. Fortunately, measuring transport impacts
like travel time, travel distance and congestion can help in measuring emission outcomes from
different urban growth policies. After all, fuel consumption and GHG emission are directly related
to the increased travel distance/time and congestion. As argued in literature, the urban growth
policies that support improved travel patterns with reduced travel distances and time while
providing more accessible land use forms is considered more sustainable urban growth policies
(Litman, 2007b). Alternative urban growth scenario analysis can provide a way to identify such
policies to achieve sustainable development in the future. Therefore, this study attempts to analyse
policies under four alternative urban growth scenarios; Business-as-Usual, Environment,
Economic and Balance scenario.
In general, this study reviewed various transportation and land used models to measure the
transport impacts under different alternative scenarios. However, as discussed in the literature
review chapter, no model can accurately predict the future impacts due to the complexity of land
use and transportation system. These models can really only be used to predict the range of possible
futures and the impacts that policies today may have on the future. The variables, simulation
methods and time required to forecast traffic greatly vary among different models. Depending on
the nature of this study, Traffic Analyst model was chosen as a suitable model due to its capability
to simulate transport at different spatial scales. The model was validated against the input traffic
volumes and identified as a suitable selection for this study.
Furthermore, as argued in previous sections, scale reprehensive transport indicators can
help in determining the impacts of the alteration caused by different urban growth policies in the
proposed scenario. Therefore, the selected indicators of travel time, distance and congestion were
measured for all urban growth scenarios for 2016, 2021, 2031 and 2041 in order to analyse the
transport impacts on short-term, mid-term and long-term temporal scales. By using Traffic Analyst
model, all indicators were measured at Regional, City and local spatial level to fill the gaps in
previous scenario analysis studies lacking the multi-scale level analysis.
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After reviewing the indicator values for aggregated transport impacts at all spatial and
temporal scales, the policies under Balanced scenarios produced best outcomes at all spatial and
temporal scales with low travel time, distance and congestion. The Economic scenario stands
second in the list of all proposed scenarios. Unfortunately, the Environment scenario produces
highest values for travel time, distance and congestion. These results ultimately reveal the wellacknowledged conflict between economic efficiency and environmental well-being in urban areas.
Consequently, this research proved that the alterations/changes in urban planning policies have a
profound impact on the transport impact indicators like travel distance, time and congestion. The
policies with the highest values for negative transport impact indicators can ultimately lead towards
unsustainable urban growth that is the most discussed challenge for achieving the desired results
of policies.
In the existing researches, proponents of the “sustainable urban growth” across the globe
call for a better technological solution to resolve the issue of sustainability. Researchers and
scientists should investigate the solution for sustainability questions with stakeholder’s
consultation and move beyond a purely technological approach. This research in hand is proposing
a framework to deliberate the required balance between participation of urban growth stakeholders
and technological instrumentalism in formulating sustainable urban growth policies. Accordingly,
the proposed framework conceptualises the policies and indicators as a practical tool to work out
scientific solutions to problems related to sustainable urban growth. With that, this research reduces
the potentially endless range of questions and issues that future researchers and urban planners and
practitioners may legitimately deal with to one single overarching purpose i.e. sustainable urban
growth. This research contributes to the theory by conceptualising the sustainable urban growth
policy research towards visualising the future outcomes before execution, it also estimates the
importance of policy insights that society needs to meet the challenges of sustainable development.
Second, it may also change the way in which relationship between policies and sustainable urban
growth is conceptualised. This study concludes that to take the wise planning actions, scenarios
and options should be based on sound empirical evidence (i.e. indicator outcomes). The scholarly
knowledge presented in this study can help to formulate, question, or criticise competing policies
proposed by a number of experts, planners and partitions. Furthermore, the findings from this study
will help practitioners to improve their expertise and reflexivity for policy decision-making,
particularly by outlining the range of options for policies and their respective future impacts, before
policymakers then actually take the decisions. Thus, this research will help academia, planners and
practitioner by enabling them to come to smart and sound policy decisions. In order to be able to
do so, however, one has to build a relationship between proposed policies and environmental
externalities as proposed in this research.
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7.3

FUTURE STUDIES
The focus of this research was to establish a link between transport impacts and urban

growth policies in order to achieve sustainable urban growth. Alike many other explanatory
studies, this research has some limitations and a number of questions remain open for further
endeavours.
This study identified the space-time suitability for a range of indicators based on the
expert’s opinion. The experts are geographically located across the world, and therefore, the
proposed indicators are likely to be universal and can be used for different localities. However, this
does not necessarily mean that all the identified indicators are equally applicable in all contexts.
Rather researchers and practitioners can choose a specific indicator from the list of indicators
according to their spatiotemporal focus of analysis. This research identifies the suitability of the
indicators based on the expert’s judgement. As a result, their suitability in a specific context is not
evaluated. Therefore, it is important that the indicator list requires ground-truthing and
customisation before implementation.
Similarly, despite representative of prior studies on this topic, the number of experts
participated in this study was limited to 29. Although 29 professionals from diversified fields of
expertise is an acceptable figure, however, the increased number with a different combination of
expertise may change the findings. Moreover, experts might have a bias in their selection of
policies and indicators due to their backgrounds. Additionally, the method of policy consensus
seeking approach is another area with different techniques is reported in the literature may produce
different outcomes. Additionally, a list of 19 polices provided to experts for consensus might be
improved if suggestions were provided according to the objective of this study from the experts in
the first round of the survey.
Moreover, the conversion of qualitative urban growth scenarios to GIS was done by selfselection process, which could be improved by stakeholder’s consultation in the process. The
possibility of a different socio-demographic and land use pattern cannot rule out when generated
through stakeholder’s consultation. Furthermore, it has to be mentioned that only three most
important indicators i.e. travel time, distance and congestion were selected for further evaluation.
For instance, this study does not look at GHG emissions and other pollution, which promote the
idea of a sustainable urban growth. The results of this scenario analysis could improve by
considering more indicators. However, the results from this study could further incorporate into
environment model to evaluate the GHG emissions at a multi-scale level in prospective studies.
Additionally, the scenario analysis process could be significantly improved by using
commercial simulation software that enables to calculate the GHG emissions directly from the
traffic simulation models. Due to the limitations of selected strategic transport models related to
the assessment of public transport network strategy. This study is not considering the public
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transport network efficiency in the overall transportation system. The data availability of the future
growth of public transport network constraints the analyses process to limit to the overall traffic
volumes instead of public/private vehicle types. Therefore, this limitation could be addressed in
future studies by evaluating impact indicators related to public transport.
Besides, the study in hand proposed a framework to evaluate four alternative urban growth
scenarios at three spatial and three temporal scales. Therefore, the analysis process required
extensive data and prolonged time and efforts which can limit the application of this framework
where time and data are not sufficient. Further research is needed to improve the time efficiency in
particular to increase the adaptability of the proposed method in this study.
In this study, the indicators were extracted based on the transportation analysis zones. It is
possible that some smaller areas within each zone might have different impacts but not identified.
These means that spatial scale matter for a thorough investigation of the transport impacts within
each zone. Future studies can focus on the transport impacts at more detail spatial scale by creating
transport analysis zones varying according to land use settings of the region. There is no doubt that
the impact analysis is an imperative factor in formulating the sustainable urban growth policies.
Therefore, a significant focal point for future studies can be proposing cost-effective and time
efficient framework to measure the impacts at a more detail level to adopt urban growth policies
with desired outcomes for a sustainable future.
.
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Appendix A: Scenario evaluation result maps
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Appendix B: Indicators to monitor the sustainability of urban growth
Name of the indicator

Type of
Indicator
Input, Output

Citation

Journal

(Haghshenas and Vaziri, 2012)

Ecological Indicators

Input, Output

As above

As above

Input, Output

As above

As above

Input, Output

As above

As above

Share of household expenditures
on transport
Per capita energy consumption,
by fuel and mode
Social/External cost of transport

Input, Output

As above

As above

Input, Output

As above

As above

Input, Output

Employment in the transport
sector
Productivity gain from land use

Impact

(Castillo and Pitfield, 2010;
Naganathan and Chong, 2017)
As above

Sustainable Cities and
Society
As above

Input, Output

As above

As above

Investments in transport
infrastructure
Transport user benefits

Impact

As above

As above

Input, Output

As above

As above

Transportation productivity
(labour productivity or totalfactor productivity)
Government benefits from
transport
Social cost of transport

Impact

As above

As above

Input, Output

(Hiremath, et al., 2013)

Input, Output

(Dobranskyte-Niskota, et al.,
2007)

Total expenditure on pollution
prevention and clean-up
R&D expenditure on “ecovehicles”
R&D expenditure on clean
transport fuels
Subsidies in transport sector

Input, Output

As above

Energy for sustainable
development
European
Commission, Joint
Research Centre
As above

Input, Output

As above

As above

Input, Output

As above

As above

Impact

As above

As above

Total economic subsidies to
transport
Relative taxation of vehicles and
vehicle use
Structure of road fuel prices

Impact

As above

As above

Impact

As above

As above

Input, Output

As above

As above

Growth in transportation
network relative to growth in the
economy
Greenhouse gas emissions

Impact

As above

As above

Impact

Energy consumption

Impact

(Bajdor and Grabara, 2013;
Castillo and Pitfield, 2010;
Haghshenas and Vaziri, 2012;
Hiremath, et al., 2013; Santos
and Ribeiro, 2015)
As above

Energy for sustainable
development,
Ecological Indicators,
Applied Mechanics
and Materials
As above

Renewable energy

Input

As above

As above

Local government cost and
benefit
Consumer direct cost and
benefit
Consumer indirect cost and
benefit
Transport price
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Name of the indicator

Citation

Journal

Noise pollution

Type of
Indicator
Impact

As above

As above

Environment management

Input

(Haghshenas and Vaziri, 2012)

Ecological Indicators

Safety

Input, Output

As above

As above

Satisfaction

output

As above

As above

Equity

Input

As above

As above

Security

Input

As above

As above

Traffic accident incidence

Impact

(Bajdor and Grabara, 2013;
Castillo and Pitfield, 2010;
Hiremath, et al., 2013; Santos
and Ribeiro, 2015)

Availability of key services
locally
Transport related wastes

Input

(Haghshenas and Vaziri, 2012)

Energy for sustainable
development,
Ecological Indicators,
Applied Mechanics
and Materials
Ecological Indicators

output

Transport external emissions
costs
Transport external noise costs

output

(Castillo and Pitfield, 2010;
Dobranskyte-Niskota, et al.,
2007)
(Hiremath, et al., 2013)

output

As above

European
Commission, Joint
Research Centre
Energy for sustainable
development
As above

Land take by transport
infrastructure
Land coverage

Impact

(Haghshenas and Vaziri, 2012)

Ecological Indicators

Input, Output

(Hiremath, et al., 2013)

Land use change (new
development)
Fragmentation of open space

Impact

As above

Energy for sustainable
development
As above

Input, Output

As above

As above

Quality of open space

output

As above

As above

Housing demand

Impact

As above

As above

Location of employment centres

Impact

As above

As above

Location of commercial activity
zones
Access to public transport

Impact

As above

As above

Impact

Ecological Indicators

Transport network density

Impact

Public participation in transport
planning
Travel cost

Input

(Haghshenas and Vaziri, 2012;
Hiremath, et al., 2013)
(Hiremath, et al., 2013; Santos
and Ribeiro, 2015)
(Haghshenas and Vaziri, 2012)

Impact

(Naganathan and Chong, 2017)

Efficient vehicle

Input

(Haghshenas and Vaziri, 2012)

Sustainable Cities and
Society
Ecological Indicators

Commercial transport

Input

As above

As above

Transport for disabled

Input

As above

As above

Citizen participation in transport
decision
Travel Distance

Input

As above

As above

Input

As above

As above

Travel Time

Impact

(Hiremath, et al., 2013;
Reckien, Ewald, Edenhofer, &
Liideke, 2007)

Applied Mechanics
and Materials,
Ecological Indicators,
Urban Studies
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Name of the indicator
Motorised traffic volume

Type of
Indicator
Input, Output

Number of cycling trips

Input, Output

(Castillo and Pitfield, 2010;
Reckien, et al., 2007)
(Bajdor and Grabara, 2013)

Mode of transport (public,
private)
Freight transport trends by mode

Impact

As above

Applied Mechanics
and Materials
As above

Impact

As above

As above

Total number of road motor
vehicles
The pedestrian’s share

Input

As above

As above

As above

As above

Private car ownership

Impact

(Bajdor and Grabara, 2013)

Applied Mechanics
and Materials
European
Commission, Joint
Research Centre

Hazardous material transported
by mode

Queensland University of Technology

Citation

Journal
Urban Studies

(Dobranskyte-Niskota, et al.,
2007)
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Appendix C: Indicators to assess transport impacts of urban growth

Transportation

Indicator

Citation

Journal

Mode of transport (public,
private)
Travel cost

(Castillo and Pitfield, 2010)

Transportation Research Part D:
Transport and Environment
Transport Policy

Travel distance

(Litman, 2007b)

Travel time

(Santos and Ribeiro, 2015)

Travel purpose

(C. Liu, Susilo, & Karlström,
2015)
(Habib, 2014; Nicolas,
Pochet, & Poimboeuf, 2003)
(Castillo and Pitfield, 2010)

Private car ownership

Socioeconomic

Environment

Land Use

Freight transport trends by
mode
Land take by transport
infrastructure
Transport network density

(Koopmans, et al., 2013)

Transportation Research Record:
Journal of the Transportation
Research Board
Case Studies on Transport Policy
Transportation Research Part A:
Policy and Practice
Transportation, Transport Policy

(Santos and Ribeiro, 2015)

Transportation Research Part D:
Transport and Environment
Case Studies on Transport Policy

(Santos and Ribeiro, 2015)

Case Studies on Transport Policy

Access to public transport
services
Land use change (new
development)
Location of employment
centres

(Currie, 2010)

Journal of Transport Geography

(van Wee, 2002)

Journal of Transport Geography

(Ibeas, Cordera, dell’Olio, &
Coppola, 2013)

Transportation Research Part A:
Policy and Practice

Housing demand

(Ibeas, et al., 2013)

Transportation Research Part A:
Policy and Practice

Location of commercial
activity zones

(Ibeas, et al., 2013)

Transportation Research Part A:
Policy and Practice

Energy (Fuel) consumption

(Santos and Ribeiro, 2015)

Case Studies on Transport Policy

Greenhouse gas emissions
(CO2)
Noise pollution

(Nicolas, et al., 2003)

Transport Policy

(Nicolas, et al., 2003)

Transport Policy

Traffic accident incidence

(Litman, 2007b)

Investments in transport
infrastructure
Growth in transportation
network relative to growth in
the economy
Transportation productivity
(labour productivity (LP) or
total factor productivity (TFP)
Subsidies in transport sector

(Lakshmanan, 2011)

Transportation Research Record:
Journal of the Transportation
Research Board
Journal of Transport Geography

Employment in the transport
sector

(N. R. Council, 2002)

Key transportation indicators:
Summary of a workshop

(N. R. Council, 2002)

Key transportation indicators:
Summary of a workshop

(Nicolas, et al., 2003)

Transport Policy

(Santos and Ribeiro, 2015)

Transportation Research Part D:
Transport and Environment
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Appendix D: Delphi survey questionnaire – Round 1

MODELLING TRANSPORT IMPACTS OF URBAN GROWTH
SCENARIOS IN SOUTH EAST QUEENSLAND (SEQ),
AUSTRALIA

DELPHI SURVEY QUESTIONNAIRE.
Part A: List of Indicators for assessing transport impacts
A list of indicators representing transport impacts of urban growth at different spatial and temporal
scales is prepared. A dropdown list is created to select the impact level of each of the indicators. Based
on the literature review, these indicators are broadly categorised into four sectors: transport, land use,
environment and economy. Please rate the following indicators as per your expert opinion.
Rating

Description

1

Very low

Not relevant at all for measuring transport impacts

2

Low

Least relevant for measuring transport impacts

3

Medium

Moderately relevant for measuring transport impacts

4

High

Relevant for measuring transport impacts

5

Very high

Highly relevant for measuring transport impacts

INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS

Spatial Scale
Sector

1. Transport

Temporal Scale

Indicator
Local

City

Region

Shortterm

Midterm

Longterm

Mode of
transport (public,
private)

Select

Select

Select

Select

Select

Select

Travel cost

Select

Select

Select

Select

Select

Select

Travel distance

Select

Select

Select

Select

Select

Select

Travel time

Select

Select

Select

Select

Select

Select

Trip purpose

Select

Select

Select

Select

Select

Select

Private car
ownership

Select

Select

Select

Select

Select

Select
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS

Spatial Scale
Sector

2. Land use

3.
Environment

4. Economy

Temporal Scale

Indicator
Local

City

Region

Shortterm

Midterm

Longterm

Freight transport
trends by mode

Select

Select

Select

Select

Select

Select

Land take by
transport
infrastructure

Select

Select

Select

Select

Select

Select

Transport
network density

Select

Select

Select

Select

Select

Select

Access to public
transport
services

Select

Select

Select

Select

Select

Select

Land use change
(new
development)

Select

Select

Select

Select

Select

Select

Location of
employment
centres

Select

Select

Select

Select

Select

Select

Housing demand

Select

Select

Select

Select

Select

Select

Location of
commercial
activity zones

Select

Select

Select

Select

Select

Select

Energy
consumption

Select

Select

Select

Select

Select

Select

Greenhouse gas
emissions

Select

Select

Select

Select

Select

Select

Noise pollution

Select

Select

Select

Select

Select

Select

Traffic accident
incidence

Select

Select

Select

Select

Select

Select

Investments in
transport
infrastructure

Select

Select

Select

Select

Select

Select
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS

Spatial Scale
Sector

Temporal Scale

Indicator
Local

City

Region

Shortterm

Midterm

Longterm

Growth in
transportation
network relative
to growth in the
economy

Select

Select

Select

Select

Select

Select

Transportation
productivity
(labour
productivity or
total-factor
productivity)

Select

Select

Select

Select

Select

Select

Subsidies in
transport sector

Select

Select

Select

Select

Select

Select

Employment in
the transport
sector

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

5. Other
Indicators
(suggestions)

Part B: List of policy priorities to manage future urban growth
This research generates three types of urban growth management scenarios;
•
•
•

Environment focused scenario
Economy focused scenario
Balanced (Environment +Economic) Scenario

A list of policy priorities is generated within each policy scenario to rank it accordingly based on the
expert’s knowledge and opinion. The policy priority list is prepared based on the review of literature
based regional and state development priorities to generate the urban growth scenarios. Please rank the
Queensland University of Technology
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following priorities in order of importance to the target scenario, where 5 is most important and 1 is
least important. The priorities will eventually help in generating the scenario accordingly.

Ranking and percentage

Description

1

0 – 20%

Least important

Least important for future urban growth scenario

2

21 – 40%

Low important

Less important for future urban growth scenario

3

41 – 60%

Moderately important

Moderately important for future urban growth scenario

4

61 – 80%

Highly important

Highly important for future urban growth scenario

5

81 – 100% Most important

Most important for future urban growth scenario

1. Environment Focused Scenario
This scenario will take into account various environmental concerns, which need to be incorporated at
priority level when planning future urban growth. This scenario aims to create an urban area that will be
more sensitive to the environment. The following policy priority list is identified from the literature
review. Please rate them with your expert knowledge.

1
Priorities

Least
important
0-20%

2
Low
important
21-40%

3

4

Moderately Highly
important important
41-60%
61-80%

5
Most
Important
81-100%

Reducing greenhouse gas emission by 5-15%
☐
below emission levels as of now in the next
30 years

☐

☐

☐

☐

Reducing natural resource consumption
(planning to promote neighbourhood
accessibility)

☐

☐

☐

☐

☐

Conserving green areas, agriculture land,
natural landscapes, wild life areas, heritage
places and archaeological sites

☐

☐

☐

☐

☐

Avoid high risk development in flood zones

☐

☐

☐

☐

☐

Development away from the coast due to
increased intensity of storm tides

☐

☐

☐

☐

☐

No development in the bushfire prone areas

☐

☐

☐

☐

☐

Preservation of habitat loss and
environmentally sensitive areas (coastal,
estuarine, riverine and hinterland)
Please list here any other priority:
____________________________________
__________

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐
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Please list here any other priority:
____________________________________
__________

☐

☐

☐

☐

☐

2. Economy Focused Scenario
This scenario will take into account various economic concerns, which need to be incorporated at priority level
when planning future urban growth. This scenario aims to create an urban area that will be more sensitive to the
economic development. The following policy priority list is identified from the literature review. Please rate them
with your expert knowledge.

1
Priorities

Least
important
0-20%

2
Low
important
21-40%

3

4

Moderately Highly
important important
41-60%
61-80%

5
Most Important
81-100%

Monocentric development, increased
accessibility and reduction of commuting
time and cost in future

☐

☐

☐

☐

☐

Development on peripheral regions
(dispersed urban growth)

☐

☐

☐

☐

☐

Fast paced development to accommodate
demand for housing, infrastructure and
services such as health, education, electricity,
water and other utilities
Development of areas for agriculture industry

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Development of new commercial and
employment centres to accommodate the
increasing population

☐

☐

☐

☐

☐

Development of socio-economically
vulnerable areas

☐

☐

☐

☐

☐

Please list here any other priority:
____________________________________
__________

☐

☐

☐

☐

☐

Please list here any other priority:
____________________________________
__________

☐

☐

☐

☐

☐
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3. Balanced scenario (Environmental + Economic)
This scenario will provide the balance approach for economic growth while improving the environmental
outcomes of this economic growth. This scenario aims to create an urban area that will sustain the balance
between economic and environmental growth. The following policy priority list is identified from the literature
review. Please rate them with your expert knowledge.

1
Priorities

2

3

4

5

Least
Low
Moderately Highly
Most
important important important important Important
0-20%
21-40%
41-60%
61-80%
81100%

Development of rural areas to reduce the gap between
urban wealth and rural poverty (substantial reduction in
rural-urban migration due to economic incentives)

☐

☐

☐

☐

☐

Afforestation specially near industrialized areas and
increase in agricultural productivity to decrease
greenhouse gas effects

☐

☐

☐

☐

☐

Sustainable scale of economic activity within the
ecological life-support

☐

☐

☐

☐

☐

system
Less energy-intensive and efficient public transport
systems with low fares to demote private car usage—this
substantially decreases the use of natural resources and
emission of greenhouse gas

☐

☐

☐

☐

☐

Selection of priorities listed above in ‘Scenario-A: Environment Focused
Scenario’ which support the self-contained economic activities

☐

☐

☐

☐

☐

Selection of priorities listed above in ‘Scenario-B: Economy Focused
Scenario’ which support environmental improvements

☐

☐

☐

☐

☐

Please list here any other priority:
______________________________________________

☐

☐

☐

☐

☐

Please list here any other priority:
______________________________________________

☐

☐

☐

☐

☐
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Appendix E: Delphi survey questionnaire – Round 2
MODELLING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
IN SOUTH EAST QUEENSLAND (SEQ), AUSTRALIA
Delphi Survey Questionnaire – Round 2: Thank you for your participation in Round 1 of this Delphi
survey about transport impact assessment for PhD research. Experts in Round 1 reached a consensus
about 30% of the indicators shown in red font. I am seeking your opinion again in an effort to reach
consensus for the remaining indicators. There are two sections in this survey. In the first section, a list
of indicators for assessing transport indicators is provided for your feedback. Second section presents
policy priorities for three urban growth scenarios. I need your input on both sections but feel free to skip
any questions that you are not comfortable with answering. A summary statistic (median score) of
consensus level from Round 1 is provided with each indicator with Bold and Blue fonts. For example,
the feedback: High (37%) is demonstrating that a particular indicator was rated as High by 37% of the
experts. I am asking your opinion on the statistical summary – to what extent you agree or disagree with
the scores based on a Likert scale (1 – Strongly Disagree to 5 – Strongly Agree).

Part A: Verify the indicators for assessing transport impacts of urban growth
scenarios
INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
Spatial Scale
Temporal Scale
Sector
Indicator
ShortLongLocal
City
Region
Mid-term
term
term
1. Transport
Mode of
High
High
High
Medium
Consensus High
transport
(31%)
(46%)
(46%)
(25%)
achieved
(39%)
(public, private)
Your judgment

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Travel cost

Medium
(32%)

Consensus Medium
achieved
(45%)

Your judgment

Select

Select

Provide reason
for disagree
If not agree,
please rate the
indicator

Provide reason
for disagree
If not agree,
please rate the
indicator
Travel distance
Your judgment
Provide reason
for disagree
If not agree,
please rate the
indicator
Travel time
Your judgment

Medium
(39%)

Medium
(43%)

High
(41%)

Select

Select

Select

Select

Select

Select

Select

Select

Medium
(11%)
Select

High
(45%)
Select

Select

Select

Select

Consensus High
achieved
(36%)
Select

Consensus Consensus High
achieved
achieved
(48%)
Select
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achieved
achieved
(44%)
Select

Consensus
achieved

Consensus
achieved
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
Spatial Scale
Temporal Scale
Sector
Indicator
ShortLongLocal
City
Region
Mid-term
term
term
Provide reason
for disagree
If not agree,
please rate the
Select
Select
indicator
Medium
Medium
Medium
Medium
Medium
Medium
Travel purpose
(29%)
(39%)
(43%)
(41%)
(43%)
(23%)
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
Private car
High
High
High
Medium
Consensus High
ownership
(36%)
(32%)
(43%)
(48%)
achieved
(44%)
Your judgment
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
Freight
Medium
High
Consensus Medium
High
High
transport trends
(28%)
(46%)
achieved
(37%)
(37%)
(38%)
by mode
Your judgment
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
2. Land use
Land take by
Medium
High
Medium
Medium
High
Medium
transport
(39%)
(43%)
(31%)
(41%)
(22%)
(15%)
infrastructure
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
Transport
High
High
High
Medium
Consensus High
network density (38%)
(43%)
(39%)
(41%)
achieved
(46%)
Your judgment
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
Access to public
High
High
High (
Medium
High
High
transport
(36%)
(41%)
32%)
(30%)
(41%)
(35%)
services
Your judgment
Select
Select
Select
Select
Select
Select
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
Spatial Scale
Temporal Scale
Sector
Indicator
ShortLongLocal
City
Region
Mid-term
term
term
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
Land use change
Medium
Consensus Medium
Medium
Medium
High
(new
(39%)
achieved
(36%)
(46%)
(44%)
(31%),
development)
Your judgment
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
Location of
High
Consensus Consensus Medium
Consensus Consensus
employment
(43%)
achieved
achieved
(44%)
achieved
achieved
centres
Your judgment
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
indicator
Housing
Medium
Consensus Medium
Consensus Consensus High
demand
(46%)
achieved
(46%)
achieved
achieved
(26%)
Your judgment
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
indicator
Location of
High
High
High
Medium
High
High
commercial
(46%)
(38%)
(43%)
(38%)
(48%)
(42%)
activity zones
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
3.
Energy
High
High
High
Consensus High
High
Environment consumption
(45%)
(39%)
(36%)
achieved
(48%)
(36%)
Your judgment
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
Greenhouse gas Medium
High
High
Medium
Consensus High
emissions
(25%)
(24%)
(36%)
(48%)
achieved
(36%)
Your judgment
Select
Select
Select
Select
Select
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
Spatial Scale
Temporal Scale
Sector
Indicator
ShortLongLocal
City
Region
Mid-term
term
term
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
High
High
Medium
High
High
High
Noise pollution
(39%)
(46%)
(31%)
(41%)
(41%)
(37%)
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
Traffic accident Medium
High
Medium
Medium
Medium
Medium
incidence
(39 %)
(43%)
(32%)
(39%)
(41%)
(29%)
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
4. Economy
Investments in
Consensus Consensus High
Consensus Consensus High
transport
achieved
achieved
(46%)
achieved
achieved
(43%)
infrastructure
Your judgment
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
indicator
Growth in
transportation
Medium
Medium
Medium
Medium
High
High
network relative
(46%)
(48%)
(43%)
(48%)
(41%)
(44%)
to growth in the
economy
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
Transportation
productivity
(labour
Medium
Consensus Medium
Consensus Consensus Medium
productivity or (46%)
achieved
(48%)
achieved
achieved
(44%)
total-factor
productivity)
Your judgment
Select
Select
Select
Provide reason
for disagree
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
Spatial Scale
Temporal Scale
Sector
Indicator
ShortLongLocal
City
Region
Mid-term
term
term
If not agree,
please rate the
Select
Select
Select
indicator
Subsidies in
Medium
Medium
Medium
Medium
Medium
Medium
transport sector (43%)
(33%)
(37%)
(46%)
(30%)
(48%)
Your judgment
Select
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
Select
indicator
Employment in
Low
Medium
Medium
Medium
Consensus Medium
the transport
(32%)
(48%)
(37%)
(37%)
achieved
(35%)
sector
Your judgment
Select
Select
Select
Select
Select
Provide reason
for disagree
If not agree,
please rate the
Select
Select
Select
Select
Select
indicator
5. Other
Public transport
Select
Select
Select
Select
Select
Select
Indicators
patronage
suggested by Right size urban
Select
Select
Select
Select
Select
Select
Experts in
design
Round-1 (no Fossil fuel
Select
Select
Select
Select
Select
Select
feedback
dependency
available )
Air pollution
other than GHGs
Select
Select
Select
Select
Select
Select
e.g. SOx, NOx,
TSP, CO etc.
Urban growth
Select
Select
Select
Select
Select
Select
patterns
Travel time peak
Select
Select
Select
Select
Select
Select
vs off peak
Select
Select
Select
Select
Select
Select
Population
Transport system
Select
Select
Select
Select
Select
Select
utilization levels
Special use
zoning other than
Select
Select
Select
Select
Select
Select
commercial and
employment
Average speed
Accidents by
mode
Suburban
development vs.
polarization
Driving
behaviour
Walkability

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select

Select
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INDICATORS FOR ASSESSING TRANSPORT IMPACTS OF URBAN GROWTH SCENARIOS
Spatial Scale
Temporal Scale
Sector
Indicator
ShortLongLocal
City
Region
Mid-term
term
term
Transport modes
Select
Select
Select
Select
Select
Select
adjustment

Part B: List of policy priorities to manage future urban growth
This research will generate three types of urban growth management scenarios;
•
•
•
•

Environment focused scenario
Economy focused scenario
Balanced (Environment +Economic) Scenario

4. Environment Focused Scenario
This scenario will take into account various environmental concerns, which need to be incorporated at
priority level when planning future urban growth. This scenario aims to create an urban area that will be
more sensitive to the environment.
Priorities

Strongly
agree

Disagree Neutral

Agree

Strongly
Agree

Reducing greenhouse gas emission
by 5-15% below emission levels as
of now in the next 30 years Highly
important (31%)

☐

☐

☐

☐

☐

Reducing natural resource
consumption (planning to promote
neighbourhood accessibility) Highly
important (38%)

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Development away from the coast
due to increased intensity of storm
tides: Moderately important (41%)

☐

☐

☐

☐

☐

No development in the bushfire
prone areas Moderately important
(38%)

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Conserving green areas, agriculture
land, natural landscapes, wild life
areas, heritage places and
archaeological sites Highly
important (31%)
Avoid high risk development in
flood zones Highly important
(45% )

Preservation of habitat loss and
environmentally sensitive areas
(coastal, estuarine, riverine and
hinterland) Highly important
(45%)
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Reason
for
Disagree

5. Economy Focused Scenario
This scenario will take into account various economic concerns, which need to be incorporated at priority
level when planning future urban growth. This scenario aims to create an urban area that will be more
sensitive to the economic development.
Priorities

Monocentric development,
increased accessibility and
reduction of commuting time and
cost in future Highly important
(48%)
Development on peripheral regions
(dispersed urban growth) Highly
important (34%)
Fast paced development to
accommodate demand for housing,
infrastructure and services such as
health, education, electricity, water
and other utilities Highly
important (48%)
Development of areas for
agriculture industry Moderately
important (34%)
Development of new commercial
and employment centres to
accommodate the increasing
population Highly important
(45%)
Development of socioeconomically vulnerable areas :
Highly important (41%)
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Strongly
agree

Disagree Neutral

Agree

Strongly
Agree

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Reason
for
Disagree
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6. Balanced scenario (Environmental + Economic)
This scenario will provide the balance approach for economic growth while improving the
environmental outcomes of this economic growth. This scenario aims to create an urban area that
will sustain the balance between economic and environmental growth.
Priorities

Development of rural areas to reduce
the gap between urban wealth and
rural poverty (substantial reduction in
rural-urban migration due to
economic incentives) : Moderately
important (34%)
Afforestation especially near
industrialized areas and increase in
agricultural productivity to decrease
greenhouse gas affects Highly
important (38%)
Sustainable scale of economic
activity within the ecological lifesupport

Strongly
agree

Disagree Neutral

Agree

Strongly
Agree

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

System Highly important (34%)
Less energy-intensive and efficient
public transport systems with low
fares to demote private car usage—
this substantially decreases the use of
natural resources and emission of
greenhouse gas Highly important
(45%)
Selection of priorities listed above in
‘Scenario-A: Environment Focused
Scenario’ which support the selfcontained economic activities Highly
important (41%)
Selection of priorities listed above in
‘Scenario-B: Economy Focused
Scenario’ which support
environmental improvements Highly
important (28% )
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Reason
for
Disagre
e

