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Abstract: In many parts of the world, a rapid urbanization process is taking place at an
unprecedented scale, and its drastic impacts on societies and the environment are evident. To
combat the externalities of such rapid, and to a degree 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. To ease the task, scenario-based planning methods are
introduced to produce alternative visions for managing urban growth in sustainable ways by
incorporating various socio-environmental issues. 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 generate
scenarios, identify indicators to be used to assess scenarios, evaluate scenarios to prioritize for
policy formulation, and assess the impacts of policy scenarios. This paper aims to address the
challenge of developing suitable policy scenarios for sustainable urban growth. As for the
methodological approach, the study undertakes a thorough review of the literature and current
practices, and conducts a two-round Delphi survey —involving experts from public, private and
academic sectors specialized in the fields of urban planning, environmental planning, social
planning, transportation modelling, and economic development. 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 (Australia). 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.

Keywords: sustainable urban development; urban growth management; policy scenarios;
scenario-based planning; sustainability indicators; Delphi method; regional plan; South East
Queensland; Australia

1. Introduction

This study focuses on addressing the research question of: How can alternative policy scenarios
for sustainable urban growth be developed? Urban areas are the most functional centres on the
planet earth [1,2]. 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 [3]. Additionally, major environmental challenges such as climate
change, resource depletion and deterioration of biodiversity have made this desire more difficult to
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achieve [4,5]. Technological advancement has also contributed to increased environmental
problems. For example, air pollution is considered to be one of the major second-order consequences
of combustion engine motor vehicles [6], although these undesirable effects were not originally
intended by the technological advancement of the early 1900s [7]. 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 [8-10]. Sustainable urban development is a contemporary paradigm to
address the abovementioned 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 [11].

Traditionally, master plans, land use allocation, and functional zoning were used as the main
tools for urban growth management [12]. Functional zones were used to prescribe land use
characteristics and economic functions of an area, while master plans were employed to locate the
future functional zone [3]. With the technological advancement, planners have adopted highly
innovative and modern methods to envisage 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 balance between negative and positive
effects of urbanization [13]. 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 [14-18]. 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 [19,20]. Therefore, the scenario-based planning method is a remarkable progress
towards the notion of sustainable urban growth, as scenarios assist policy makers to select strategies
via exploring alternative futures, warn people about uncertainties, and help all parties in developing
a sound vision [19,21]. 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 [18,22,23]. This paper aims to address
the challenge of developing suitable policy scenarios to steer 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 cover all three aspects of
sustainability—i.e., social, economic and environment—and provide 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 to validate 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 [16]. A reactive
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approach relies on historical data and trend analysis to generate growth management policies
without taking into account uncertainties and potential technological disruption [9,24]. 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 [10,25-30]. This research is an attempt to address this
research gap, and aims to apply a systematic method for the generation of sustainable growth
management policies, and their validity in a local context namely, South East Queensland
(Australia). Section 2 of the paper provides a detailed review of the literature with an intention to
identify a range of policy options that have been used to manage urban growth in a sustainable
manner. Section 3 outlines the methodological approach employed to assess the suitability of policy
scenarios for sustainable urban growth management. Section 4 presents the evaluation results of the
policy scenarios. Section 5 discusses the results in operational terms, and concludes the paper by
highlighting the key findings.

2. Literature Review

2.1. Sustainable Urban Development and Growth Management

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. Therefore, the concept of sustainable urban development has been a
prime concern of policymaking and government to aware and mitigates the impacts of climate
change due to fast paced and irreversible urbanization [31,32]. Urban growth management has been
defined in many ways, but essentially it involves government’s actions to guide the location, quality,
and timing of development [33]. Urban growth management policies are frameworks or tools to
manage urban growth in a way to restrain its implication to natural areas and the environment [34].
These policies can be regulatory or incentive oriented to manage urban development by using
diverse strategies [35]. Land use zoning is a key method used for urban growth management [36].
Different urban growth management plans have been practiced by local governments to guide land
use allocations at different scales, such as city, region and state levels [37]. 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 [35]. Such
concerns are closely linked to quality of life, environmental conservation, efficient urban form, urban
revitalization, transportation choices, and affordable housing [38]. Urban growth management
policies that can lead to the development of environmentally, economically, and sociality sustainable
urban areas are key topic of urban planners, policymakers, and scholars.

To overcome the weakness of traditional planning practices, alternative urban growth
management approaches are proposed [18]. These alternative approaches include: dispersed city
(continual low density suburban development) [39,40]; compact city (increased population density
within a central group of suburbs) [41]; fringe city (further growth predominantly on the fringe of
the city); corridor city (growth along linear transportation corridors originating from the central
business district) [42]; city cluster development (regional city cluster that consists of cities of
different sizes instead of one large city) [43]; and transit-oriented development (integrated amenities
and neighbourhood development within a walkable distance from public transport) [44]. Hence,
various policy instruments are 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 to prepare for and mitigate unexpected outcomes.
Additionally, urban growth management policies, 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 [45].
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2.2. Indicators of Sustainable Urban Growth

Sustainable urban development concept was adopted by planners as an ideology or a
development philosophy as early as 1970s [13]. Since its formulation, the approaches for achieving
sustainable urban development aimed to incorporate environmental issues along with
socioeconomic challenges in growth management policies. 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 [11,46]. 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 [47-49]. Dur et al. [50,51] 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. 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 indicators and indices to analyse sustainable
urban growth. These indices included indicators such as: land use indicators [52]; transportation
indicators [25,53]; land-use and transport integration indicators [50]; environmental indicators
[54,55]; and socioeconomic indicators [55-57]. Sustainability assessment indicators were employed
as a tool for analysing the urban growth impacts on environment and as policy formulating
instrument to identify way for achieving sustainable urban development [58]. Furthermore,
sustainability assessment indicators are increasingly being used as a key instrument to monitor the
human-environment interaction in the world. It provides valuable information to assess the
performance of existing economic, social and environmental policies [59]. In general, sustainability
indicators and indices are employed for four main purposes: (a) providing information about the
current state of a phenomenon; (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 [60].

2.3. Scenario-Based Planning for Sustainable Urban Growth

The term “sustainability” has been integrated in a number of ways with the term “urban” since
early 1990s [10]. Few of the examples are “sustainable cities” [30], “sustainable urbanization” [61],
“urban sustainability” [62], “sustainable urban planning” [63], “sustainable urban form” [5], and
“sustainable urban development” [64,65]. Usually, these terms are interchangeably used in the
literature [10]. However, there are some important differences. For example, the term “sustainable
city” can be defined as a self-sufficient city that utilize the resources produced within the city
independently [66]. The term sustainable urban development refers to the mechanism to achieve
urban sustainability —i.e., urban sustainability is the desired development outcome [67]. Thus 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 [68], 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 by depleting natural resources and devastating natural areas [68,69].
Therefore, the sustainable urban development concept is presumed as a solution to minimize the
environmental externalities caused by widespread urbanization on the ecosystem [69].

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
wellbeing of communities while reducing the pressure on natural resources [70,71]. However,
sustainable urban growth requires active involvement of all stakeholders affecting (or being affected
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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 natural system. 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
[26].

Institutions, urban planners and governments adopted various frameworks and assessment
tools to promote sustainable urban growth [46]. Sustainability indicators, composite indices and
integrated assessment models like multi-criteria analysis (MCA) are few examples of the tools used
to promote sustainable development [72]. 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 addition,
scenario-based 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 [21,73-78].
Perveen et al. [18] elaborated that scenario-based planning methods are the key instruments 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. 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.
Among 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 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. For 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 [79] explained that the number of scenarios can range between 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 [4,29,80-82]. Schwarz [83] 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 scenarios are not proficient to
apprehend the complexity and uncertainty associated with future urban growth. Therefore, multiple
scenarios are essential to understand the information outlooks about uncertain and challenging
transformation of futures.

2.4. Methods of Scenario-Building

Different techniques have been used to develop urban growth scenarios as shown in Table 1
[16,84-86]. 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 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 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 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 of the generated scenarios 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 unique situation [87,88]. In addition,
the method requires face-to-face interaction among the stakeholder groups which can result in
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overly optimistic opinions with the possibility that the voice of minority groups could suppressed by
influential actors. Likewise, these practices require reasonable finance, time and effort to involve a
desired number of experts in the scenario generation process.

Delphi technique is defined as a systematic method for the solicitation and aggregation of
informed judgments from a group of experts on a particular subject [89]. It enables structured
communication among group of individuals allowing them, as a whole, to deal with a complex
problem in an effective way [90]. More specifically, urban growth management involves an
engagement of diverse actors and Delphi technique lends itself suitable for such engagement. It
enables the collaboration of a diverse group of experts through an iterative survey process as
opposed to face-to-face meetings. Susskind, McKearnan and Thomas-Larmer [88] 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 a questionnaire that is then sent to a group of selected experts. Thus, it facilitates
involvement of geographically dispersed experts in the process and brings external validity of the
scenarios. Furthermore, Delphi technique ensures the anonymity of experts, and therefore warrants
that the results are not biased due to 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 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 more credible approach due to aggregated weights and scores of
different perspectives of experts [91]. With the advancement of computer-based communication
technologies, Delphi technique offers significant potential for enhancing consensus building.
Obvious advantages include time savings and increased convenience [92]. Despite the benefits,
Delphi technique is criticized for its purely expert driven approach often overlooking actors, who
own a problem in a particular context [4].

In summary, none of the scenario generation methods can qualify all the criteria that need to be
met—i.e., resource efficient, unbiased, externally valid, and context sensitive. However, it is noted
that [93], 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.

Table 1. Methods used to generate urban growth scenarios.

Methods Used Scenario Strengths Weaknesses References
Numbers
Based on assumption 2,3 Simplicity Personal influence [24,94,95]
on facts due
particular
knowledge area
Past trend analysis 3 No calibration required Temporal data [16]
dependency
Proposed by a group 3 Effective storytelling to make the Overly optimistic [17]
of experts (expert consequences of different predictions (bias)
opinion) alternatives policies
Stakeholder 3 Effective storytelling to make the Require time [85]
consultation consequences of different investment to
alternatives policies involve trained
personals
Informed qualitative 3 Informed decision making Pure accuracy in [96]
ranking through pinpointing areas of

expert opinions future growth
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Collaboration with 2 Successfully implemented in Personal’s Influence  [86]
the planning practice on facts due to
department (expert particular
opinion) knowledge area
Delphi technique 3 Iterative process, involvement of Need time and [97,98]
multidisciplinary stakeholders, efforts to involve
anonymity (no bias) or influence of  desire number of
an expert on the outcomes experts

2.5. 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 [99]. Researchers used
scenario typology to define various scenarios in different areas of application [100]. Scenario
typology is a classification of scenario practices on the basis of purpose, process of development and
issues for the different types of scenario methods. However, there does not exist a standard typology
of scenario planning and researchers often classified their types according to the objective of a given
application. Ducot and Lubben [101] identified three types of application: (a) exploratory or
anticipatory (i.e., given the causes, what the effects are, or given the effects, what the causes could
have been); (b) trend or peripheral (not hypothetical —rely on estimation of scenario probabilities);
and (c) descriptive or normative (an ordered set of possible occurrence, irrespective of their
desirability or undesirability). Table 2 outlines these application types in different studies. The
exploratory-descriptive type has been most commonly applied in urban planning [101]. Bishop et al.
[102], 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. Van Notten [100] 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 deals 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 necessarily vague and cannot
cover all of the characteristics involved in scenario practices. Literature also reveals that there is no
ideal typology, 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 alternative policy scenarios for sustainable urban
growth be developed?
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Table 2. Type of planning scenarios.

Name of Planning Scenarios Type of Scenario Citation

A contiguous new town development Exploratory or descriptive  Jun and Hur [103]

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

Exploratory or descriptive  Jun [104]

Employment decentralization scenarios Trend or peripheral Burke et al. [105]

Scenario-A (“nothing changed/trend” scenario) Exploratory or descriptive ~ Feudo [94]

Scenario-B (TOD regional plan)

Scenario-C (discouraging car use)

Industrial decentralization Trend or peripheral Aysan, Demir, Altan and
Dokmeci [24]

Historical growth scenario (HU) Trend or peripheral Hua, Tang, Cui and Yin

Regional and urban planning scenario (RUP) [16]
Ecologically sustainable scenario (ES)

Scenario 1: Business as usual (S1) Exploratory or descriptive ~ Plata-Rocha,
Crisis (S2) G¢mez-Delgado and
Innovation and sustainability (S3) Bosque-Sendra [17]

Business-as-usual (BAU)
Low carbon scenario (LCS)

Based on assumptions

Mittal, Dai and Shukla
[95]

Baseline development,

Exploratory or descriptive

Tian and Qiao [85]

Rapid development
Green land protection

3. Materials and Methods

This research applied Delphi as a preferred method for the validation and evaluation of policy
scenarios. The procedure applied in this research is outlined in the following subsections.

3.1. Delphi Survey Questionnaire Development

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 3.

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 scale method was applied for importance rating based on the literature
[89,98,106]. Experts were also given option to suggest additional policy scenarios they feel are
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.
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Table 3. List of policy scenarios identified from the literature for expert evaluation.

Scenario A: Environment Focused Scenario

@

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, wild life areas, heritage places and
archaeological sites

(4) Avoid high risk development in flood zones
(5) Development away from the coast due to increased intensity of storm tides
(6) 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

(8) Monocentric development, increased accessibility and reduction of commuting time and cost in future
(9) Development on peripheral regions (dispersed urban growth)
(10) Fast paced development to accommodate demand for housing, infrastructure and services such as

health, education, electricity, water and other utilities

11

Development of areas for agriculture industry

12)

Development of new commercial and employment centres to accommodate increasing population

(13)

Development of socio-economically vulnerable areas

Scenario C: Balanced Scenario (Balanced Environmental and Economic Gains)

(14)

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

(15)

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

(16)

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

17)

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

(18)

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

(19)

Selection of priorities listed above in “Scenario B: Economy focused scenario”, which support
environmental improvements

3.2. Identification of Experts for the Delphi Study

Identification of relevant experts is a critical task in a Delphi survey to grab the broad

cross-sectoral perspective on the importance of urban growth policies. Previous studies have

explicitly emphasized integrating a diverse set of viewpoints in scenario development to prevent

misleading consensus among a like-minded group of experts [107]. Similarly, the reliability of
survey results relies on their knowledge and experience. Involving experts with different cognitive
and functional backgrounds in evaluating strategic issues could be a way to increase ambivalence in
perceptions about strategic issues. Therefore, an expert identification approach was developed with
the following three pronged criteria:

Relevant experience and expertise measured in terms of their years of experience;
Geographical diversity for external validity of the selected policies; and
Sectoral diversity given that the policies cover a wide range of sectors.

A thorough review of professional profiles was undertaken to prepare a list of over 100 experts

from the following academic and professional disciplines:

Urban planning;
Transportation;
Economic development;
Environment; and
Social development.
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The prevalent groups of panellists (24.1% each) were academics and urban planning
practitioners, followed by transportation planners (20.7%) and environmental scientists (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%), USA (10.3%), and Africa (13.8%). From
a geographically dispersed and multidisciplinary expert’s panel, the outcome of Delphi survey was
improved due to fair collection of information and opinions from all regions of the world.
Significantly, a higher rate of expert’s participation from different spatial regions with diverse
expertise and knowledge provided a valuable input and critical insight in the policy selection
process.

3.3. The Delphi Method

Delphi survey was executed in two rounds. In the first round, focus was given to the experts’
consensus on the importance and validity of the selected 19 policy scenarios under three groups;
whereas, the second round was conducted to seek further opinion on their importance rating and
then ultimately to reach a consensus. Feedback on the rating scores from the first round was
provided to the experts for evaluation in Round 2.

3.3.1. Delphi Round 1

Experts were invited through emails for participation in the survey during October to
December 2016. Reminders were sent to the invited experts to accomplish the survey process twice.
Initial participation agreement was 35%; however, finally, 29 experts submitted their complete
response within time. Table 4 presents a comparison of sample size in previous studies using a
similar Delphi survey approach.

Table 4. Sample sizes used in Delphi surveys.

References Field of Study Round1  Round 2
Sample Sample
Size Size
Hemphill, McGreal and Berry [92] Sustainable urban growth 19 19
Spickermann, Grienitz and von der Gracht [107] Urban planning 57 39
Hayati et al. [108] Land use and transportation 9 9
Cavalli-Sforza and Ortolano [97] Land use and transportation 17 12
Manoliadis et al. [109] Urban sustainability 20 20
Cavalli-Sforza and Ortolano [97] Land use and transportation 30 30
Kaufmann [98] Land use scenarios 18 10

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 [110,111]. 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 [112]. 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 a stronger agreement because responses will be clustered more closely around the
mean [113]. 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 [106,113,114]. Additionally, for analysing the
feedback on Likert-type scale data, the use of median is highly recommended in the literature for
Delphi studies [29,97,106,111]. 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
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the scale of 0-100% —i.e., if 60% of experts rated a policy as highly important, the calculated EP is
60% [115]. An EP of at least 50% on a scale 0-100% is used as a standard measure for consensus level
[89,111].

3.3.2. Delphi Round 2

Before executing second round of Delphi survey, the outcome of first round was analysed to
identify the policies that already reached consensus, and the policies that did not. A summary
statistics table showing the consensus level measured by median score and EP of occurrence from
Round 1 was provided with each policy scenarios in the second round. A 50% cut-off point was set
for the consensus level based on the literature [111]. For example, if 50% experts rated a policy as
highly important, that policy was assumed to reach a consensus. 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.

Although the responses were collected on a 5-point Likert scale in Round 2, these were recoded
into 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 [116,117].
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 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) [89]:

e 50% agreement: less important;

e 60% agreement: moderately important;
e  70% agreement: important; and

e  80% agreement: highly important.

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

3.4. 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 (Shaping SEQ) 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) Similar to this research, the SEQ Regional Plan has a regional focus
rather than the city or local level. (c) The SEQ Regional Plan has provided a greater emphasis to
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manage urban growth in a sustainable way over the next 25 years. In particular, the plan focuses on
responding to the region’s projected growth, and the opportunities and challenges associated with
global megatrends. With this plan Queensland Government sets the direction for sustainability,
global competitiveness, and high-quality living by identifying a long-term sustainable pattern of
development. This issue is further discussed in Section 4.4.

4. Results

4.1. Consensus in Round 1

The experts rated 19 policy scenarios under three groups—i.e., environmental, economic, and
balanced scenarios. Table 5 provides a summary of consensus level of the 19 policy scenarios
evaluated in this study. According to the consensus criteria used, Table 5 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 per cent away from consensus level as listed below:

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

e 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.

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, we found that the
essence of many of these suggested policies were 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 to the objective of
this study and were not included in the second round of the Delphi survey.

Table 5. Round 1 rating results of importance of policies for sustainable urban growth.

Focus Scenario Med IQR SD EP
Reducing greenhouse gas emission by 5-15% below
L . 4 15 09 31
emission levels as of now in the next 30 years
Reducing natural resource consumption (planning to
promote neighbourhood accessibility to reduce the 4 2 1.1 38
automobile usage)
Conserving green areas, agriculture land, natural
Environment landscapes, wild life areas, heritage places and 4 2 1 31
Focused Scenario archaeological sites
Avoid high risk development in flood zones 4 1 08 45
Development away from the coast due to increased 3 1 11 41
intensity of storm tides
No development in the bushfire prone areas 3 1 1.1 28
Preservation of environmentally sensitive areas (coastal,
. S . 4 1 07 45
estuarine, riverine and hinterland)
Monocentric development, increased accessibility and 4 15 1 48
Economy Focused reduction of commuting time and cost in future
Scenario Development on peripheral regions (dispersed urban 4 15 11 3

growth)




Sustainability 2017, 9, 1787 13 of 27

Focus Scenario Med IQR SD EP
Fast paced development to accommodate demand for
housing, infrastructure and services such as health, 4 1 0.8 48
education, electricity, water and other utilities
Development of areas for agriculture industry 3 2 1.1 34
Development of new commercial and employment 4 1 1 45
centres to accommodate increasing population
Development of socio-economically vulnerable areas 4 15 11 4
Development in rural areas to reduce the gap between
urban wealth and rural poverty (substantial reduction 3 2 1.2 34

in rural-urban migration due to economic incentives)

Afforestation specially near industrialized areas and
increase in agricultural productivity to decrease 4 1.5 1.2 38
greenhouse gas effects

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

. Less energy-intensive and efficient public transport
Balanced Scenario - .

systems with low fares to demote private car

usage —this substantially decreases the use of natural

resources and emission of greenhouse gases

Selection of priorities listed above in “Scenario A:
Environment focused scenario”, which support the 4 1 1 41
self-contained economic activities

Selection of priorities listed above in “Scenario B:
Economy focused scenario”, which support 4 2 12 28
environmental improvements

Note: EP = expected probability of occurrence, SD = standard deviation, IQR = inter quartile range,
Med = median.

4.2. Consensus in Round 2

Table 6 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 of them gained consensus
as highly important, seven as important, seven as moderately important, and three as less important.

The policies that reached consensus as highly important among the experts in Round 2 are:

e Avoid high risk development in flood zones; and
e Development of new commercial and employment centres to accommodate 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 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:

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

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

e 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;
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e  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; and
e  Preservation of environmentally sensitive areas— coastal estuarine, riverine and hinterland.

An aggregated analysis of consensus level from both rounds is elaborated in the following
section to policy scenarios that would lead sustainable urban growth management.

Table 6. Round 2 consensus agreement results of the importance of policies for urban growth.

Focus Scenario Disagree  Neutral Agree Consensus
Reducing greenhouse gas emission by 5-15%
below emission levels as of now in the next 30 14 7 79 Important
years
Reducing natural resource consumption
(planning to promote neighbourhood 14 7 79 Important
accessibility to reduce the automobile usage)
Environment Conserving green arez'is, agricult’ure lar.ld, Moderately
natural landscapes, wild life areas, heritage 7 28 66 .
Focused o important
) places and archaeological sites
Scenario Hiohl
Avoid high risk development in flood zones 0 7 93 . sy
important
Development away from the coast due to 3 3 6 Moderately
increased intensity of storm tides important
No development in the bushfire prone areas 0 32 68 Important
Preservation of environmentally sensitive areas 3 17 79 Moderately
(coastal estuarine, riverine and hinterland) important
Monocentric development, increased
accessibility and reduction of commuting time 7 28 66 Important
and cost in future
Development on peripheral regions (dispersed 17 31 50 Less
urban growth) important
Fast paced development to accommodate
Economy demand for housing ir'lfrastructl'lr.e and services ” 1 7 Highly
such as health, education, electricity, water and important
Focused e
. other utilities
Scenario Less
Development of areas for agriculture industry 4 41 56 .
important
Development of new commercial and
. . Moderately
employment centres to accommodate increasing 0 14 86 .
. important
population
Development of socio-economically vulnerable 4 17 59 Less
areas important
Development in rural areas to reduce the gap
between urban wealth and rural poverty 14 o4 6 Moderately
(substantial reduction in rural-urban migration important
due to economic incentives)
Afforestat%on espec.ially near industrialize.d . Moderately
areas and increase in agricultural productivity 7 25 68 .
important
Balanced to decrease greenhouse gas effects
S i tainabl le of ic activi ithin th
cenario Sus all?ab e scale of economic ac ivity within the 25 7 Important
ecological life-support system
Less energy-intensive and efficient public
transport systems with low fares to demote
private car usage—this substantially decreases 7 21 72 Important

the use of natural resources and emission of
greenhouse gas
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Focus Scenario Disagree = Neutral Agree Consensus

Selection of priorities listed above in “Scenario
A: Environment focused scenario” which 3 24 72 Important
support the self-contained economic activities

Selection of priorities listed above in “Scenario
B: Economy focused scenario” which support 0 33 67
environmental improvements

Moderately
important

4.3. 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.

4.3.1. 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.

e  Avoid high risk development in flood zones;

e  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); and

e  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 [58,118,119]. Furthermore, urbanization processes
always lead to the consumption of natural resources and the result of which is the emission of
greenhouse gases [4,70,120]. 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 [4,120]. 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 [121-123].

4.3.2. 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.

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

e  Fast paced development to accommodate demand for housing infrastructure and services such
as health, education, electricity, water and other utilities.
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Economically, urban areas in the world will continue to grow to deliver prosperity for its
residents and businesses [124]. 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 [3,118,119]. 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 of housing and infrastructure demand fulfilled in efficient
way. This will not only reduce the disparity among different urban areas, but also improve the
economic growth of the overall region and reducing the maintenance cost of existing facilities due to
overutilization [3,7,118,119].

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:

e  Development on peripheral regions (dispersed urban growth);
e  Development of areas for agriculture industry; and
e  Development of socio-economically vulnerable areas.

Knowingly, the involvement of experts representing diverse stakeholders of urban growth may
lead to conflict of interest on economic growth at the cost environmental impacts.

4.3.3. 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:

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

e  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; and

e  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 hand,
demotes environment system. Moreover, economic growth is not a panacea for environmental
problems; indeed, it is not even the main issue. However, to deal with 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 [125-127].

4.4. 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 [128]. SEQ has
been experiencing rapid urban growth over the last few decades. Historically, this region was
characterized by isolated, low-density urban developments with 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
[129] —has been developed to manage future urban growth in 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.
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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 7, 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 7. The similarities between policies identified in our
study and the SEQ Regional Plan indicate that through a Delphi approach policy scenarios for
sustainable urban growth management could be developed. However, these policies should be
treated as rule of thumb or generic policies, and sensitivity analysis and ground-truthing in their
adoption to a locality is a necessity.

Table 7. Comparison of identified urban growth policies with SEQ Regional Plan.

Policies Identified through Delphi Method in the
Reported Study

Policies Identified through Stakeholder Consultation in the
SEQ Regional Plan 2017 [129]

Avoid high risk development in flood zones; Use disaster risk management planning, adaptation strategies
and avoidance of exposure to high-risk areas to minimize

SEQ’s vulnerability to climate change impacts.

Reducing greenhouse gas emission by 5-15% below  Reduce greenhouse gas emissions by adopting patterns of

emission levels as of now in the next 30 years.

urban development that reduce the need and distance to travel
and that encourage 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

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 meets
the needs of the environment, industry and community.

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

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

Fast paced development to accommodate 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

5. Findings and Discussion

Urbanization, presently, is unavoidable due to rapid population growth, increased demand of
economic gains and social aspiration for 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 high level of greenhouse gas emissions. 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
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commuting times [130]. The prevailing problems linked with urban development across the world
indicates the failure of existing planning practices [19]. A lack of integration between the physical
elements and environmental elements makes it difficult to see the functions of urban system in a
holistic manner. City planning practices have a tendency towards short-term policy approaches for a
speedy solution rather than long term future vision. The limited collaboration of stakeholders and a
lack of involvement of public and private sectors is another reason of present day planning failures
due to conflict of interests. The future of urban development is not the exclusive interest of the
government agencies and the urban planners. Also a successful planning practice require the
partnership among agencies, sectors and communities. Therefore, as demonstrated in this study, the
visioning of alternative futures of urban growth is critical in order to manage urban growth in a
sustainable way —i.e. to mitigate the environmental impacts of urban growth [75].

Developing alternative scenarios for future urban growth requires holistic approaches. Neither
a conservative nor a luxurious planning policy can be a sustainable solution in current situation of
fast paced urbanization in 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 [5,8-11,26,61-63,65,67,70,71,131]. Urban growth policies with optimistic and
balanced environmental, economic and social concerns are proven better choices in the literature.
However, polices are not universal truth which can be implemented without 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 but having a common interest in sustainable policy
making [98,132-135].

5.1. Effectiveness of the Method

The study first identified a range of policy scenarios from the literature, 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 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 includes the ability to consult from distance to produce a higher number of response and
higher quality of ideas [136]. This study aimed to generate place-less urban growth scenarios, which
is why the pooling of expert knowledge from all over the world was deemed to be more useful in
identifying sustainable urban growth policies. As discussed in Section 2.4, scenarios are constructed
by researchers and experts from diverse backgrounds, often with stakeholders, resulting in the use
of a large number of approaches and techniques. These approaches and techniques have been
systematized in several ways, depending on the general purpose of the planning exercise [102]. The
use of Delphi method to generate urban growth scenario is supported by a vast literature, as shown
in Table 2. A critical review of the sustainability scenario design tools was conducted by Kishita et al.
[137].

One good example is the study conducted by Kaufmann [98] 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. The Delphi method was also employed to assess the impacts of knowledge-based economic
development practices on the urban development in the case of Multimedia Super Corridor,
Malaysia—in order to develop a more accurate policy mechanism [138]. Likewise, Watkins [139]
employed Delphi method to prioritized regional urban growth strategies to generate urban growth
scenarios for shaping the future of Northeast Michigan (USA). Furthermore, Bailey et al. [140]
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). Consistent
with the vast majority of the urban growth scenario literature, the results of this study confirm that
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the involvement of relevant experts improve the selection of urban growth policies for sustainable
development [4].

Delphi technique encourages honest opinion which is free from peer group pressure [141].
However, extensive time commitment is needed to execute the Delphi survey, as used in this study,
took more than six months. Furthermore, the involvement of experts from different area of interests
was quite effort taking 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.

5.2. Appropriateness of Scenarios

This study has illustrated the importance of considering the multiple future scenarios as
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 [79]. Furthermore, too large numbers of scenarios can
blur the future visions, and create difficulty in data collection and analysis [83]. 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 [18]. 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 [102,142]. 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.

5.3. 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 growth—economy, environment, and society [45]. However, at large, 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 [4,125,143-146]. Moreover, human beings have more and more
aware of the importance of environment to people’s health and overall well-being. As discussed
widely in the literature, 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 [147]. The policies identified in this
study support this theory for promoting a balanced approach in promoting urban growth while
preserving environmentally sensitive areas [143].

Furthermore, the findings of this study both verify the suitability of 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 wide range of expert from across the world [113,114]. 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 [87,88].
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Similar to many other exploratory studies, the study also has limitations, which may have
impacts on the findings. For instance, the number and fields of experts participated in the study are
major limiting factors. Although 29 professionals from diversified fields of expertise is an acceptable
figure, however, increased number with different combination of expertise may change the findings.
Moreover, experts might have a bias in their selection of policies 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. The policies identified in
this study are from expert’s views, which need ground-truthing and further analysis as planned in
the successive study. Furthermore, 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. In our prospective studies, by focusing on the limitations, a final list of
policies for scenario development will be validated through using modelling frameworks for
scenario comparison in order to analyse the policy outcomes.

Lastly, the findings from this research reveal that various policies need 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.

6. Conclusions

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 suitability 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 which were statistically analysed to identify key policy scenarios
according to their importance (highly important, important, moderately important, and less
important). 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, economy focused, 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. Therefore, the identified policies will be input to the
analysis/evaluation (second) part of this research to find out the most suitable policies with least
environmental externalities. Academia, business managers and policymakers can use the proposed
alternative urban growth scenarios for further analysis as an instrument to gain knowledge of the
future. Specifically, the proposed scenarios can assist in the sustainable urban growth management
through visioning of possible futures and making people aware of uncertainties in their decisions in
any region of the world despite of its geographical locations. The expert’s participated in this study
were selected from all over the world and thus represented the worldwide view of sustainable urban
future. The experts selected carefully in this research for stakeholder’s representation and were not
anonymous to the facilitator. However, the participants were anonymous to each other, and
therefore, the results are free from conflict of interest and dominance bias. The key policies identified
belong 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.
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Many of the countries, facing rapidly growing urban population all over the world, are
developing strategies to achieve urban sustainability [104]. 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. Therefore, the concept of sustainable urban development is broadly linked
with urban density, form, design, amenities and infrastructure [144]. 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 scholars “sustainable development” is an oxymoron [105,106]. However, still the presented
urban management and development approach helps institutions and governments to 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 [145]. Particularly,
utilisation of collaborative planning methods [148] along with the presented approach would
improve quality, reliability and performance of scenario-based planning in achieving sustainable
outcomes.

Acknowledgments: Authors wish to acknowledge the financial and in-kind support of Queensland University
of Technology and Australian Postgraduate Award (APA) Scholarship for the research upon which this paper is
based. Authors are also grateful to the anonymous reviewers for their time and constructive comments.

Author Contributions: This paper represents a result of teamwork. S.P.,, M.K. and T.Y. designed the research;
S.P. conducted the research; S.P. prepared the first draft of the manuscript; S.P., M.K,, and T.Y. jointly finalized
the manuscript. All three authors read and approved the final paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Warner, S.B. The Private City: Philadelphia in Three Periods of Its Growth; University of Pennsylvania Press:
Philadelphia, PA, USA, 1987.

2. Clark, W.C,; Dickson, N.M. Sustainability science: The emerging research program. Proc. Natl. Acad. Sci.
USA 2003, 100, 8059-8061.

3. Shkaruba, A.; Kireyeu, V.; Likhacheva, O. Rural-urban peripheries under socioeconomic transitions:
Changing planning contexts, lasting legacies, and growing pressure. Landsc. Urban Plan. 2017, 165, 244~
255.

4.  Shearer, AW.; Mouat, D.A.; Bassett, S.D.; Binford, M.W.; Johnson, C.W.; Saarinen, J.A.; Gertler, AW.;
Koracin, J. Land Use Scenarios: Environmental Consequences of Development; CRC Press: Hoboken, NJ, USA,
2009.

5.  Jabareen, Y.R. Sustainable urban forms. J. Plan. Ed. Res. 2006, 26, 38-52.

6.  Haghshenas, H.; Vaziri, M. Urban sustainable transportation indicators for global comparison. Ecol. Indic.
2012, 15, 115-121.

7. Beder, S. Costing the earth: Equity, sustainable development and environmental economics. N. Z. J. Envtl.
L. 2000, 4, 227.

8.  Mavrakis, A.; Papavasileiou, C.; Salvati, L. Towards (un)sustainable urban growth? Industrial
development, land-use, soil depletion and climate aridity in a Greek agro-forest area. J. Arid Environ.
2015, 121, 1-6.

9.  Zhao, P. Sustainable urban expansion and transportation in a growing megacity: Consequences of urban
sprawl for mobility on the urban fringe of Beijing. Habitat Int. 2010, 34, 236-243.

10. Roy, M. Planning for sustainable urbanisation in fast growing cities: Mitigation and adaptation issues
addressed in Dhaka, Bangladesh. Habitat Int. 2009, 33, 276-286.

11. Yigitcanlar, T.; Teriman, S. Rethinking sustainable urban development: Towards an integrated planning
and development process. Int. |. Environ. Sci. Technol. 2015, 12, 341-352.

12.  Abdel-Galil, R.E.S. Desert reclamation, a management system for sustainable urban expansion. Prog. Plan.
2012, 78, 151-206.

13. Geneletti, D.; La Rosa, D.; Spyra, M.; Cortinovis, C. A review of approaches and challenges for
sustainable planning in urban peripheries. Landsc. Urban Plan. 2017, 165, 231-243.



Sustainability 2017, 9, 1787 22 of 27

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.

37.
38.

39.

Wu, X.; Hu, Y.; He, H.; Xi, F.; Bu, R. Study on forecast scenarios for simulation of future urban growth in
Shenyang city based on sleuth model. Geo-spat. Inf. Sci. 2010, 13, 32-39.

Bartholomew, K.; Ewing, R. Land use transportation scenarios and future vehicle travel and land
consumption: A meta-analysis. Am. Plan. Assoc. |. Am. Plan. Assoc. 2009, 75, 13-27.

Hua, L.; Tang, L.; Cui, S.; Yin, K. Simulating urban growth using the Sleuth Model in a coastal peri-urban
district in China. Sustainability 2014, 6, 3899-3914.

Plata-Rocha, W.; G¢mez-Delgado, M.; Bosque-Sendra, J. Simulating urban growth scenarios using GIS
and multicriteria analysis techniques: A case study of the Madrid region, Spain. Environ. Plan. B Plan. Des.
2011, 38, 1012-1031.

Perveen, S.; Yigitcanlar, T.; Kamruzzaman, M.; Hayes, ]. Evaluating transport externalities of urban
growth: A critical review of scenario-based planning methods. Int. J. Environ. Sci. Technol. 2016, 1-16,
doi:10.1007/s13762-016-1144-7.

Ratcliffe, J.; Krawczyk, E. Imagineering city futures: The use of prospective through scenarios in urban
planning. Futures 2011, 43, 642—-653.

Lindgren, M.; Bandhold, H. Scenario Planning—Revised and Updated; Palgrave Macmillan: Basingstoke,
UK, 2009; p. 216.

Khakee, A. Scenario construction for urban planning. Omega 1991, 19, 459-469.

Perveen, S.; Kamruzzaman, M.; Yigitcanlar, T. What Constitutes a Sustainable Urban Growth
Management Policy? A Delphi Approach to Develop Alternative Policy Scenarios. In Proceedings of the
State of Australian Cities National Conference, Adelaide, South Australia, 28-30 November 2017.
Perveen, S.; Kamruzzaman, M.; Yigitcanlar, T. What to assess to model the transport impacts of urban
growth? A Delphi approach to examine the space-time suitability of transport indicators. Int. J. Sustain.
Transp. 2017, under review.

Aysan, M.; Demir, O.; Altan, Z.; Dokmeci, V. Industrial decentralization in Istanbul and its impact on
transport. . Urban Plan. Dev. 1997, 123, 40-58.

Litman, T. Developing indicators for comprehensive and sustainable transport planning. Transp. Res. Rec.
J. Transp. Res. Board 2007, 2017, 10-15.

Jepson, E.J.; Edwards, M.M. How possible is sustainable urban development? An analysis of planners’
perceptions about new urbanism, smart growth and the ecological city. Plan. Pract. Res. 2010, 25, 417-437.
Mitchell, G. Problems and fundamentals of sustainable development indicators. Sustain. Dev. 1996, 4, 1-
$antos, A.S.; Ribeiro, S.K. The role of transport indicators to the improvement of local governance in Rio
de Janeiro city: A contribution for the debate on sustainable future. Case Stud. Transp. Policy 2015, 3, 415—
420.

Shiftan, Y.; Kaplan, S.; Hakkert, S. Scenario building as a tool for planning a sustainable transportation
system. Transp. Res. Part D 2003, §, 323-342.

Haughton, G.; Hunter, C. Sustainable Cities; Routledge: Abingdon-on-Thames, UK, 2004.

Yigitcanlar, T.; Dizdaroglu, D. Ecological approaches in planning for sustainable cities: A review of the
literature. Glob. ]. Environ. Sci. Manag. 2015, 1, 159-188.

Kamruzzaman, M.; Hine, J.; Yigitcanlar, T. Investigating the link between carbon dioxide emissions and
transport-related social exclusion in rural Northern Ireland. Int. ]. Environ. Sci. Technol. 2015, 12, 3463—
Bétter, D.R. Managing Growth in America’s Communities; Island Press: Washington, DC, USA, 1997.
Frenkel, A. The potential effect of national growth-management policy on urban sprawl and the
depletion of open spaces and farmland. Land Use Policy 2004, 21, 357-369.

Bengston, D.N.; Fletcher, J.O.; Nelson, K.C. Public policies for managing urban growth and protecting
open space: Policy instruments and lessons learned in the United States. Landsc. Urban Plan. 2004, 69, 271-
286.

Nelson, A.C. Urban planning: Growth management. In International Encyclopedia of the Social & Behavioral
Sciences; Baltes, N.J.S.B., Ed.; Pergamon: Oxford, UK, 2001; pp. 16051-16055.

Anthony, J. Do state growth management regulations reduce sprawl? Urban Aff. Rev. 2004, 39, 376-397.
Yigitcanlar, T.; Kamruzzaman, M. Investigating the interplay between transport, land use and the
environment: A review of the literature. Int. J. Environ. Sci. Technol. 2014, 11, 2121-2132.

Gkartzios, M.; Scott, M. Countering counter-urbanisation: Spatial planning challenges in a dispersed
city-region, the greater Dublin area. Town Plan. Rev. 2010, 81, 23-52.



Sustainability 2017, 9, 1787 23 of 27

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

Deilami, K.; Kamruzzaman, M. Modelling the urban heat island effect of smart growth policy scenarios in
Brisbane. Land Use Policy 2017, 64, 38-55.

Neuman, M. The compact city fallacy. J. Plan. Ed. Res. 2005, 25, 11-26.

Morison, I. The corridor city: Planning for growth in the 1960s. In The Australian Metropolis: A Planning
History; Allen & Unwin: Crows Nest, Australia, 2000; pp. 113-130.

Li, P.; Wang, C.; Zhang, X. Did city cluster development help improve labor productivity in China? J. Asia
Pac. Econ. 2017, 22, 122-135.

Kamruzzaman, M.; Baker, D.; Washington, S.; Turrell, G. Advance transit oriented development
typology: Case study in Brisbane, Australia. J. Transp. Geogr. 2014, 34, 54-70.

Wheeler, S.M.; Tomuta, M.; Haden, V.R.; Jackson, L.E. The impacts of alternative patterns of urbanization
on greenhouse gas emissions in an agricultural county. J. Urban. Int. Res. Placemak. Urban Sustain. 2013, 6,
213-235.

Shen, L.-Y.; Jorge Ochoa, J.; Shah, M.N.; Zhang, X. The application of urban sustainability indicators—A
comparison between various practices. Habitat Int. 2011, 35, 17-29.

Dobranskyte-Niskota, A.; Perujo, A.; Pregl, M. Indicators to Assess Sustainability of Transport Activities;
European Commission, Joint Research Centre: Brussels, Belgium; Luxembourg, 2007.

Herva, M.; Franco, A.; Carrasco, E.F.; Roca, E. Review of corporate environmental indicators. . Clean.
Prod. 2011, 19, 1687-1699.

Hiremath, R.B.; Balachandra, P.; Kumar, B.; Bansode, S.S. Murali, J. Indicator-based urban
sustainability — A review. Energy Sustain. Dev. 2013, 17, 555-563.

Dur, F.; Yigitcanlar, T.; Bunker, J. A spatial-indexing model for measuring neighbourhood-level land-use
and transport integration. Environ. Plan. B 2014, 41, 792-812.

Organisation for Economic Co-operation and Development. OECD Core Set of Indicators for Environmental
Performance Reviews; OECD Environment Monographs: Paris, France, 1993.

Kasanko, M.; Lavalle, C.; Demicheli, L.; McCormick, N.L.; Turchini, M. Land-use and transport-network
indicators in the assessment of the sustainability of urban areas. Remote Sens. Environ. Monit. GIS Appl.
Geol. 2002, 4545, 118-129.

Gilbert, R.; Tanguay, H. Sustainable Transportation Performance Indicators Project: Brief Review of Some
Worldwide Activity and Development of an Initial Long List of Indicators; Mississauga, Centre for Sustainable
Transportation: Toronto, ON, Canada, 2000.

Niemeijer, D.; de Groot, R.S. A conceptual framework for selecting environmental indicator sets. Ecol.
Indic. 2008, 8, 14-25.

AtKisson, A. Developing indicators of sustainable community: Lessons from sustainable Seattle. Environ.
Impact Assess. Rev. 1996, 16, 337-350.

Josza, A.; Brown, D. Neighborhood Sustainability Indicators Report on a Best Practice Workshop—Report, School
of Urban Planning; McGill University and the Urban Ecology Center/SodemC: Montreal, QC, Canada,
Yighcanlar, T.; Kamruzzaman, M.; Teriman, S. Neighborhood sustainability assessment: Evaluating
residential development sustainability in a developing country context. Sustainability 2015, 7, 2570-2602.
Yigitcanlar, T.; Dur, F. Developing a sustainability assessment model: The sustainable infrastructure,
land-use, environment and transport model. Sustainability 2010, 2, 321.

Dur, F.; Yigitcanlar, T. Assessing land-use and transport integration via a spatial composite indexing
model. Int. . Environ. Sci. Technol. 2015, 12, 803-816.

Dizdaroglu, D.; Yigitcanlar, T. A parcel-scale assessment tool to measure sustainability through urban
ecosystem components: The MUSIX model. Ecol. Indic. 2014, 41, 115-130.

Rahman, G.; Alam, D.; Islam, S. City Growth with Urban Sprawl and Problems of Management for Sustainable
Urbanisation; International Society of City and Regional Planners (ISOCARP) Congress: Hague, The
Netherlands, 2008.

Allen, A.; You, N. Sustainable Urbanisation: Building the Green and Brown Agenda; UN-HABITAT: Yangon,
Myanmar, 2002.

Riddell, R. Sustainable Urban Planning: Tipping the Balance; John Wiley & Sons: Hoboken, NJ, USA, 2008.
Hens, L.; De Wit, J. The development of indicators and core indicators for sustainable development: A
state of the art review. Int. |. Sustain. Dev. 2003, 6, 436—-459.

Musakwa, W.; Van Niekerk, A. Monitoring sustainable urban development using built-up area
indicators: A case study of Stellenbosch, South Africa. Environ. Dev. Sustain. 2015, 17, 547-566.



Sustainability 2017, 9, 1787 24 of 27

66.
67.

68.

69.

70.

71.

72.

73.
74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Chiesura, A. The role of urban parks for the sustainable city. Landsc. Urban Plan. 2004, 68, 129-138.
Camagni, R. Sustainable urban development: Definition and reasons for a research programme. Int. J.
Environ. Pollut. 1998, 10, 6-27.

Dizdaroglu, D.; Yigitcanlar, T. Integrating urban ecosystem sustainability assessment into policy-making:
Insights from the gold coast city. ]. Environ. Plan. Manag. 2016, 59, 1982-2006.

Yigitcanlar, T.; Dur, F.; Dizdaroglu, D. Towards prosperous sustainable cities: A multiscalar urban
sustainability assessment approach. Habitat Int. 2015, 45, 36—46.

Button, K.J.; Pearce, D.W. Improving the urban environment: How to adjust national and local
government policy for sustainable urban growth. Prog. Plan. 1989, 32, 135137-135184.

Liu, Y. Modelling sustainable urban growth in a rapidly urbanising region using a fuzzy-constrained
cellular automata approach. Int. J. Geogr. Inf. Sci. 2012, 26, 151-167.

Ness, B.; Urbel-Piirsalu, E.; Anderberg, S.; Olsson, L. Categorising tools for sustainability assessment.
Ecol. Econ. 2007, 60, 498-508.

Pearman, A.D. Scenario construction for transport planning. Transp. Plan. Technol. 1988, 12, 73-85.

Oana, P.L.; Harutyun, S.; Brendan, W.; Sheila, C. Scenarios and indicators supporting urban regional
planning. Procedia Soc. Behav. Sci. 2011, 21, 243-252.

Harries, C. Correspondence to what? Coherence to what? What is good scenario-based decision making?
Technol. Forecast. Soc. Chang. 2003, 70, 797-817.

Gibson, J.E. The eight scenarios for urban revitalization. Proc. IEEE 1975, 63, 444-451.

Fertner, C.; Jorgensen, G.; Nielsen, T.S. Land use scenarios for greater Copenhagen: Modelling the impact
of the Fingerplan. J. Settl. Spat. Plan. 2012, 3, 1-10.

Dischinger, M.; Jackson, J.M. Which future urban scenarios can we construct? Manag. Environ. Qual. Int. |.
2006, 17, 409—-420.

Pillkahn, U. Using Trends and Scenarios as Tools for Strategy Development: Shaping the Future of Your
Enterprise; John Wiley & Sons: Hoboken, NJ, USA, 2008.

Tolley, R.; Lumsdon, L.; Bickerstaff, K. The future of walking in Europe: A Delphi project to identify
expert opinion on future walking scenarios. Transp. Policy 2001, 8, 307-315.

Vermeiren, K,; Van Rompaey, A.; Loopmans, M.; Serwajja, E.; Mukwaya, P. Urban growth of Kampala,
Uganda: Pattern analysis and scenario development. Landsc. Urban Plan. 2012, 106, 199-206.

Sakieh, Y.; Amiri, B.J.; Danekar, A.; Feghhi, J.; Dezhkam, S. Scenario-based evaluation of urban
development sustainability: An integrative modeling approach to compromise between urbanization
suitability index and landscape pattern. Environ. Dev. Sustain. 2015, 17, 1343-1365.

Schwarz, P. The art of the long view—Planning for the future in an uncertain world. In Currency
Doubleday, New York; Wiley: Chichester, UK, 1991.

Feng, X.; Zhang, ].; Fujiwara, A. Adding a new step with spatial autocorrelation to improve the four-step
travel demand model with feedback for a developing city. IATSS Res. 2009, 33, 44-54.

Tian, G.; Qiao, Z. Modeling urban expansion policy scenarios using an agent-based approach for
Guangzhou metropolitan region of China. Ecol. Soc. 2014, 19, d0i:0.5751/ES-06909-190352.

Villarreal, M.L.; Norman, L.M.; Boykin, K.G.; Wallace, C.S.A. Biodiversity losses and conservation
trade-offs: Assessing future urban growth scenarios for a North American trade corridor. Int. |. Biodivers.
Sci. Ecosyst. Serv. Manag. 2013, 9, 90-103.

Pullin, A.; Frampton, G.; Jongman, R.; Kohl, C.; Livoreil, B.; Lux, A.; Pataki, G.; Petrokofsky, G.; Podhora,
A.; Saarikoski, H.; et al. Selecting appropriate methods of knowledge synthesis to inform biodiversity
policy. Biodivers. Conserv. 2016, 25, 1285-1300.

Susskind, L.; McKearnan, S.; Thomas-Larmer, J. The Consensus Building Handbook: A Comprehensive Guide
to Reaching Agreement; Sage Publications: Thousand Oaks, CA, USA, 1999.

Heiko, A. Consensus measurement in Delphi studies: Review and implications for future quality
assurance. Technol. Forecast. Soc. Chang. 2012, 79, 1525-1536.

MacCarthy, B.L.; Atthirawong, W. Factors affecting location decisions in international operations—A
Delphi study. Int. J. Oper. Prod. Manag. 2003, 23, 794-818.

Chakraborty, A.; Mishra, S. Land use and transit ridership connections: Implications for state-level
planning agencies. Land Use Policy 2013, 30, 458—469.

Hemphill, L.; McGreal, S.; Berry, ]. An aggregated weighting system for evaluating sustainable urban
regeneration. J. Prop. Res. 2002, 19, 353-373.



Sustainability 2017, 9, 1787 25 of 27

93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.
117.

Rikkonen, P.; Tapio, P. Future prospects of alternative agro-based bioenergy use in
Finland —Constructing scenarios with quantitative and qualitative Delphi data. Technol. Forecast. Soc.
Bhadg, 2009,16978-Bld an alternative to sprawl and auto-centric development model through a TOD
scenario for the North-Pas-de-Calais region? Lessons from an integrated transportation-land use
modelling. Transp. Res. Procedia 2014, 4, 154-177.

Mittal, S.; Dai, H.; Shukla, P.R. Low carbon urban transport scenarios for China and India: A comparative
assessment. Transp. Res. Part D 2016, 44, 266-276.

Jantz, C.A.; Goetz, S.J.; Shelley, M.K. Using the sleuth urban growth model to simulate the impacts of
future policy scenarios on urban land use in the Baltimore —Washington metropolitan area. Environ. Plan.
B Plan. Des. 2004, 31, 251-271.

Cavalli-Sforza, V.; Ortolano, L. Delphi forecasts of land use: Transportation interactions. J. Transp. Eng.
1984, 110, 324-339.

Kaufmann, R.P.; Integrating factor analysis and the Delphi method in scenario development: a case study
of Dalmatia, Croatia. Appl. Geogr. 2016, 71, 56—68.

Thapa, R.B.; Murayama, Y. Scenario based urban growth allocation in Kathmandu valley, Nepal. Landsc.
Urban Plan. 2012, 105, 140-148.

Van Notten, P. Writing on the Wall: Scenario Development in Times of Discontinuity; Universal-Publishers:
Sydney, Australia; Irvine, CA, USA, 2005.

Ducot, G.; Lubben, G. A typology for scenarios. Futures 1980, 12, 51-57.

Bishop, P.; Hines, A.; Collins, T. The current state of scenario development: An overview of techniques.
Foresight 2007, 9, 5-25.

Jun, M.-].; Hur, J.-W. Commuting costs of “leap-frog” newtown development in Seoul. Cities 2001, 18,
151-158.

Jun, M.-]J. The effects of Seoul's new-town development on suburbanization and mobility: A
counterfactual approach. Environ. Plan. A 2012, 44, 2171-2190.

Burke, M.; Li, T.; Dodson, J. What happens when government workers move to the suburbs? Impact on
transport of planned decentralization of employment in Brisbane, Australia. Transp. Res. Rec. ]. Transp.
Res. Board 2011, 2255, 110-116.

Musa, H.D.; Yacob, M.R,; Abdullah, A.M.; Ishak, M.Y. Delphi method of developing environmental
well-being indicators for the evaluation of urban sustainability in Malaysia. Procedia Environ. Sci. 2015, 30,
244-249.

Spickermann, A.; Grienitz, V.; von der Gracht, H.A. Heading towards a multimodal city of the future?
Technol. Forecast. Soc. Chang. 2014, 89, 201-221.

Hayati, E.; Majnounian, B.; Abdi, E.; Sessions, J.; Makhdoum, M. An expert-based approach to forest road
network planning by combining Delphi and spatial multi-criteria evaluation. Environ. Monit. Assess. 2013,
185, 1767-1776.

Manoliadis, O.; Tsolas, I.; Nakou, A. Sustainable construction and drivers of change in Greece: A Delphi
study. Constr. Manag. Econ. 2006, 24, 113-120.

Hasson, F.; Keeney, S.; McKenna, H. Research guidelines for the Delphi survey technique. J. Adv. Nurs.
2000, 32, 1008-1015.

Schuckmann, S.W.; Gnatzy, T.; Darkow, L-L.; von der Gracht, H.A. Analysis of factors influencing the
development of transport infrastructure until the year 2030—A Delphi based scenario study. Technol.
Forecast. Soc. Chang. 2012, 79, 1373-1387.

Wicklein, R.C. Identifying critical issues and problems in technology education using a modified-Delphi
technique. J. Technol. Educ. 1993, 5, 54-71.

Williams, P.L.; Webb, C. The Delphi technique: A methodological discussion. |. Adv. Nurs. 1994, 19, 180—
186.

Rayens, M.K,; Hahn, E.J. Building consensus using the policy Delphi method. Policy Politics Nurs. Pract.
2000, 1, 308-315.

Corbin, ].M.; Strauss, A. Grounded theory research: Procedures, canons, and evaluative criteria. Qual. Soc.
1990, 13, 3-21.

Linacre, ].M. Optimizing rating scale category effectiveness. . Appl. Meas. 2002, 3, 85-106.

Andrich, D. A rating formulation for ordered response categories. Psychometrika 1978, 43, 561-573.



Sustainability 2017, 9, 1787 26 of 27

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.
135.

136.

137.

138.

139.

140.

141.

142.

143.

Riahi, K.; Griibler, A.; Nakicenovic, N. Scenarios of long-term socio-economic and environmental
development under climate stabilization. Technol. Forecast. Soc. Chang. 2007, 74, 887-935.

Liu, Y.; Feng, Y. Simulating the impact of economic and environmental strategies on future urban growth
scenarios in Ningbo, China. Sustainability 2016, 8, 1045.

Matsuura, M.; Schenk, T. Joint Fact-Finding in Urban Planning and Environmental Disputes; Routledge:
Abingdon-on-Thames, UK, 2016.

Harrison, C.; Davies, G. Conserving biodiversity that matters: Practitioners’ perspectives on brownfield
development and urban nature conservation in London. J. Environ. Manag. 2002, 65, 95-108.

Steiner, F.; Blair, J.; McSherry, L.; Guhathakurta, S.; Marruffo, J.; Holm, M. A watershed at a watershed:
The potential for environmentally sensitive area protection in the upper San Pedro drainage basin
(Mexico and USA). Landsc. Urban Plan. 2000, 49, 129-148.

Riddell, R.; Wiley, L. Sustainable Urban Planning: Tipping the Balance, 1st ed.; Blackwell: Malden, MA, USA,
2004.

Yigitcanlar, T.; Edvardsson, I.; Johannesson, H.; Kamruzzaman, M.; Ioppolo, G.; Pancholi, S.
Knowledge-based development dynamics in less favoured regions: insights from Australian and
Icelandic university towns. Europ. Plann.Stud. 2017, 25, 2272-2292.

Martinez, J.M. American Environmentalism: Philosophy, History, and Public Policy, 1 ed.; CRC Press:
Hoboken, NJ, USA, 2013.

Arrow, K;; Bolin, B.; Costanza, R.; Dasgupta, P.; Folke, C.; Holling, C.S.; Jansson, B.-O.; Levin, S.; Miler,
K.-G,; Perrings, C. Economic growth, carrying capacity, and the environment. Ecol. Econ. 1995, 15, 91-95.
Huggins, L.E. Environmental Entrepreneurship: Markets Meet the Environment in Unexpected Places; Edward
Elgar Publishing: Cheltenham, UK, 2013.

Li, T.; Corcoran, J.; Burke, M. Disaggregate GIS modelling to track spatial change: Exploring a decade of
commuting in South East Queensland, Australia. J. Transp. Geogr. 2012, 24, 306-314.

Queensland Government. Shaping SEQ, South East Queensland Regional Plan 2017; Department of
Infrastructure and Planning, Queensland Government, Brisbane: Brisbane City, Australia, 2017.
Chakrabarty, B.K. Urban management: Concepts, principles, techniques and education. Cities 2001, 18,
331-345.

Courtney, K.E. Sustainable urban transportation and Ontario’s new planning regime: The provincial
policy statement, 2005 and the growth plan for the greater golden horseshoe. J. Environ. Law Pract. 2009,
19, 71-104.

Linstone, H.A.; Turoff, M. The Delphi Method Techniques and Applications; Addision Wesley Publishing Co.:
Boston, UK, 1975.

O’'Hara, L.; De Souza, L.H.; Ide, L. A Delphi study of self-care in a community population of people with
multiple sclerosis. Clin. Rehabil. 2000, 14, 62-71.

Goodman, C.M. The Delphi technique: A critique. ]. Adv. Nurs. 1987, 12, 729-734.

Geist, M.R. Using the Delphi method to engage stakeholders: A comparison of two studies. Eval. Program
Plan. 2010, 33, 147-154.

De Loe, R.C. Exploring complex policy questions using the policy Delphi: A multi-round, interactive
survey method. Appl. Geogr. 1995, 15, 53-68.

Kishita, Y.; Hara, K.; Uwasu, M.; Umeda, Y. Research needs and challenges faced in supporting scenario
design in sustainability science: A literature review. Sustain. Sci. 2016, 11, 331-347.

Yigitcanlar, T.; Sarimin, M. Multimedia Super Corridor, Malaysia: knowledge-based urban development
lessons from an emerging economy. VINE 2015, 45, 126-147.

Watkins, J.R. Shaping the Future of Northeast Michigan: Utilizing the Delphi Method to Inform Planning
Scenario Construction; Michigan State University: East Lansing, MI, USA, 2010.

Bailey, R.; Longhurst, ] W.S.; Hayes, E.T.; Hudson, L.; Ragnarsdottir, K.V.; Thumim, J. Exploring a city’s
potential low carbon futures using Delphi methods: Some preliminary findings. J. Environ. Plan. Manag.
2012, 55, 1022-1046.

Lewis, S.L.; Cooper, C.L.; Cooper, K.G.; Bonner, P.N. Research priorities for nephrology nursing;:
American nephrology nurses’ association’s Delphi study. Nephrol. Nurs. ]. 1999, 26, 215.

Dator, J.A. Introduction: The future lies behind-thirty years of teaching futures studies. In Advancing
Futures: Futures Studies in Higher Education; Praeger: Westport, Ireland, 2002; pp. 1-30.

Newton, P. Urban form and environmental performance. Achiev. Sustain. Urban Form 2000, 2, 46-53.



Sustainability 2017, 9, 1787 27 of 27

144.

145.

146.

147.

148.

Minnery, J.R. Urban Form and Development Strategies: Equity, Environmental and Economic Implications;
Australian Govt. Pub. Service: Canberra, Australia, 1992.

Li, K.; Zhang, P.; Crittenden, J.C.; Guhathakurta, S.; Chen, Y.; Fernando, H.; Sawhney, A.; McCartney, P.;
Grimm, N.; Kahhat, R.; et al. Development of a framework for quantifying the environmental impacts of
urban development and construction practices. Environ. Sci. Technol. 2007, 41, 5130-5136.

Duque, J.A.G.; Panagopoulos, T. Urban planning throughout environmental quality and human
well-being. 2010. Available online: http://www.cieo.pt/discussionpapers/4/articlel.pdf (accessed on 30
September 2017).

Wang, L. Urban Planning throughout Human Well-Being; Trans. Tech. Publications Ltd.: Zurich,
Switzerland, 2012; pp. 2498-2504.

Gudes, O.; Kendall, E.; Yigitcanlar, T.; Pathak, V.; Baum, S. Rethinking health planning: a framework for
organising information to underpin collaborative health planning. Health Inform. Manag. . 2010, 39, 18-29.

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



