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Abstract

Most studies of urban sustainability are characterised by traditional
approaches focusing on environmental aspects. These studies often neglect
the influence of issues such as governance, society, culture, and geography.
Multidisciplinary contributions remain poorly understood in this field,
although evidence suggests that regional, geographical and socio-cultural
factors are essential in shaping sustainable urban planning. Following
Arksey and O'Malley’s (2005) scoping approach to literature reviews, this
article provides a mapping technique and a scoping review to show the
extent and nature of applied methodologies in the field of urban
sustainability. The paper finds that there is a global need for sustainable
urban planning through innovative multidisciplinary approaches. The paper
calls for an accelerated knowledge creation in the field of urban development
based on climate-classifications, socio-economic information, and locational
characteristics. It particularly notes the need for research in the Tropics
where distinct socio-economic dynamics and climate conditions have
specific impacts on sustainable urban planning.
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with more than half of the world's population now living in urban areas. This

rapid urbanisation places an enormous demand on infrastructure, service
sectors, and natural environments, including land. Swiftly expanding cities and
growing population necessitate city-level adaptations of sustainable development
practices. While adaptation rates vary from city to city, most growing cities are starting
to demonstrate commitments to integrate sustainable development goals into their
planning frameworks.

P opulation movements into cities have accelerated over the past few decades,

At the same time, methodological diversity of urban development studies has also
been expanding due to the growing interest of various academic disciplines in
sustainable urban and peri-urban development. However, the research community
often struggles with harnessing wicked problems with value conflicts in multi-
stakeholder initiatives. Academics acknowledge the multidisciplinary nature of
sustainability research, but discussions of appropriate methodologies for sustainable
development remain fragmented and lack interdisciplinary perspectives. Evidence
suggests there is a knowledge gap in practical frameworks to assess methods for
urban sustainability. This paper asserts that research in the field of urban development
will benefit enormously from developing multidisciplinary methodologies because of
the depth and breadth these efforts enfold.

Through adopting a scoping review methodology (see Arksey & 'O'Malley, 2005), the
paper maps existing literature across a wide range of studies in the field of urban
development. The primary aim is to provide an overview of existing research evidence
without producing a summary answer to a particular research question. To that end,
this review offers an opportunity to identify key methodologies used in urban
development studies, as well as their strengths and limitations. Furthermore, to
understand the project of multidisciplinary endeavour, the review explores the need to
improve conceptual understanding of the interconnections between sustainable cities
and development (Wilkerson et al., 2018). It also shows the importance of
multidimensional integration of social/cultural, economic and environmental/climate
factors in developing sustainable urban models and planning policies.

Finally, the paper reflects on the suitability and relevance of available methods for
urban research in the Tropics where there are distinct differences in terms of socio-
economic dynamics and climate. Methods of sustainable urban planning that are
widely used in the temperate zone might be inappropriate to the conditions of the
Tropics. For instance, according to the State of the Tropics report (2014), tropical
economies are growing almost 20% faster than the rest of the world. Furthermore,
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40% of the world's population lives in the tropics." At the current pace, the projection
shows this rate will be 50% by 2050 (State of the Tropics, 2014; Harding et al., 2016).
At the same time, the growth of tropical economies and the accelerating demographics
have resulted in swift expansion of tropical cities. Additionally, the Group of Twenty
(G20) (with almost half of their members located either entirely or partially in the
tropical zone) has committed to stimulating sustainable and balanced economic
growth in the tropical economies (Hockey, 2014). With such arguments accumulating,
examining a blend of different methods used in a range of academic disciplines from
across the globe would help us better understand the multidimensional nature of
sustainable urban development research.

Methods

To investigate the extent and variety of available methods, and the influence of
multidisciplinary approaches in urban development studies, this paper follows Arksey
and O'Malley (2005) in establishing a broad question as a guide in shaping the search
strategy. Accordingly, to pre-define the objectives, methods and reporting strategies,
an a priori protocol was developed. The protocol detailed the guiding question, specific
inclusion and exclusion criteria (Table 1 eligibility criteria), secondary screening search
terms, and reporting and presentation techniques.

Table 1 Eligibility Criteria

Criterion Inclusion Exclusion

Publication Year 2001-2020 Studies outside this period
Search Language | English Non-English literature
Type of literature Peer-reviewed original research, conference Non-scholarly sources

proceedings, working papers, books, and
governmental reports

Concept Studies that discuss dimensions of Sustainable | Studies without practical focus
Development and provide practical and transparent
evaluation frameworks

Coverage Allowed great coverage of academic disciplines nil

Relevance Title and abstract relevant to the guiding question Irrelevant titles and abstracts

The initial guiding question was "Are socio-economic factors considered key
measurable indicators in determining sustainable city frameworks, despite rarely being
addressed in planning policies?" The search strategy involved utilising search engines
such as Google Scholar and James Cook University's library databases. The aim was

! https://worldpopulationreview.com/countries/tropical-countries/
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to formulate a guiding question to cover an adequate range of parameters that did not
result in an unmanageable quantity of articles, and which transcended a range of
specific disciplines but also reduced the probability of missing essential articles. The
eligibility criteria were initially based on the relevance of titles and abstracts to the
guiding question. One of the primary inclusion criteria was the time-span. While
academic literature about the importance of cities and their economic and social
benefits date back at least a century, the concept of sustainable development only
reached international recognition in 1992 during the United Nations Conference on
Environment and Development (UNCED) ‘Earth Summit’ in Rio de Janeiro. In 2002,
to mark the 10th anniversary, the UNCED ‘World Summit on Sustainable
Development’ was held in Johannesburg. This summit, in particular, was a defining
moment for sustainable development. Accordingly, the time-span of 2001-2020 was
deemed appropriate for this study.

Title and abstract screening was performed by the author. The primary search was
conducted manually, using the guiding question and the eligibility criteria, which
resulted in the selection of 195 studies. A staged approach for evaluating and
analysing the search results was adopted (see Figure 1). Following the second round
of screening, based on exclusion criteria and removal of duplicated articles, 98 studies
met the eligibility criterial based on the relevance to the guiding question. Five studies
could not be obtained and were therefore removed from the review; ten others were
removed from consideration following full-text screening. Upon finalisation of the
selection process, 83 full-text studies were included in the final evaluation.

Figure 1 A priori protocol

Slelan Gwdlpg Initial search
Protocol question
195 studies Eligibility ELblication
removed
. Exo.:lu5|on. 08 studies Full-text review
criteria applied and screening
83 studies

lllustration of the a priori protocol and study selection process
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Results

The next step was charting the data to create a descriptive summary of information
such as disciplinary groups, year of publication, methods used, and a brief discussion
on the commonality between different approaches. The selected studies were
assessed for evidence of the parallel existence of discrete knowledge sources from a
variety of disciplines. Figure 2 illustrates the percentage of instances where
disciplinary areas appear in the selected studies.

Figure 2 Disciplines identified in reviewed studies

Institutions and Urban Ecosystem
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As observed in Figure 2, the three major disciplines of the literature are Environment/
Ecology (comprising 23% of the selected studies), Economic Development/
Environmental Economics (18%), and Urban Planning (16%). Following these three
disciplinary areas are Energy/Material (11%) and Technology/Engineering (8%). While
current pressing issues faced by researchers from environment, economics, and
planning disciplines are somewhat interconnected, their collective attention to the topic
area indicates the increasing importance of a multidisciplinary approach to urban
sustainability. The Institutions and Governance discipline accounts for 7% of the
selected studies that mainly look at the existing governance arrangements concerning
the nature and growth of urban sustainability. Other identified disciplines include Social
Sciences (7%), Transport Systems (5%), and Urban Ecosystems (5%), in descending
order of occurrence in the search results.
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The review further looked at the geographical scope of the selected studies, and the
methods used. Overall, 38 countries were identified in the collection. As demonstrated
in Figure 3, the collection includes high coverage of articles in countries like China, the
USA, Japan, and Sweden, and low coverage in other countries. The frequency of
applied methods is also evidenced in Figure 3.

Figure 3 Countries of focus and the methodologies used in the included studies
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From the pool of 38 countries, five countries are in the tropics, with another five
countries geographically located in both tropical and subtropical zones. Seven other
countries are partly situated in the subtropical zone, and the remaining 21 countries
are located in temperate and frigid zones. The initial analysis showed that urban
sustainability studies are increasingly becoming a trending practice in the literature as
the methodological approaches diversify; however, our sample of selected studies
suggests a lack of well-developed methodologies with a focus on the Tropics. This
observation is particularly important as the research indicates that climatic
classifications and geographical locations influence the characteristics of urban
systems (Emilsson & Sang, 2017; Fitria et al., 2019). Moreover, evidence suggests
that capital and metropolitan cities with tropical climates are more vulnerable to the
effects of climate change, where hot and humid conditions create extra challenges
(State of the Tropics, 2014; Oppermann, et al., 2017). Subsequently, this observation
calls for fast-track knowledge creation and collation of multidisciplinary evidence in the
field of sustainability in tropical cities.
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To audit the data further, the research charted year of publication against primary
applied methods in the selected studies, as demonstrated in Figure 4. The figure
shows a significant increase in the number of publications in the field during the
sampling period.

Figure 4 Articles included in the review by publication year and methods applied
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The evolution of urban sustainability studies in the collected sample (as depicted in
Figure 4) shows that the increase in the application of various contemporary methods
began in 2010. The most frequently applied methods in the sample include
sustainability rating systems, the asset-based framework (primarily used by Mathie &
Cunningham, 2003; Eyles, 2007; and appearing later in studies such as Chang et al.,
2018), indicator or index-oriented framework, and the multi-criteria decision-making
approach. Figure 4 also indicates that the application of these methods in urban
studies reached a peak in 2012 and again in 2015, with a slow decline afterwards. The
timeline shows that the indicator or index-oriented framework was the most
consistently applied method over the period 2001-2020.

A summary of the methods used in the final sample is shown in Figure 5. The summary
reveals that the indicator or index-oriented framework has a total of 27 applications in
the sample, followed by sustainability rating systems with 15 applications, multi-criteria
decision analysis and principle-based frameworks with eight applications each, urban
metabolism with seven, impact assessment with six, etc. These most frequently
applied methods are discussed below.
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Figure 5 Summary of methods applied in studies reviewed
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Impact assessment 6
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Asset-based framework 2

Indicator or Index-Oriented Frameworks

Studies applying the indicator or index-oriented framework used performance metrics
that are primarily indicators or indices designed to measure sustainability. These
studies include the following: McLaren (1996), Atkisson and Hatcher (2001), Browne
et al. (2005), Olalla-Tarraga (2006), Masnavi (2007), Scipioni et al. (2008), Ciegis et
al. (2009), Shen et al. (2011), Davidson et al. (2012), Michael et al. (2014), Braulio-
Gonzalo et al. (2015), Tran (2016), Lutzkendorf & Balouktsi (2017), Niemeijer & de
Groot (2008), Mori & Christodoulou (2012), Mori & Yamashita (2015), Ries et al.
(2016) and Baroghi et al. (2018).

The indicator/index-oriented framework is a conceptual structure that is defined based
on the principles of sustainability and it is often used to facilitate the identification,
development and understanding of contributing factors (see, for example Niemeijer &
de Groot, 2008; Shen et al., 2011). The indicators denote variables in the models, and
values of these indicators provide information about the circumstances of trajectories
of an under-study system. The indicators are used with an established point of
reference (benchmark) or threshold to represent a goal or the desired point. These
thresholds are established based on the relevant knowledge of the selected social or
environmental systems or shared understanding of the community in which the system
is involved. Therefore, indicators used in sustainability studies are particularly suitable
for delivering useful information on the mechanism and the driving forces behind socio-
environmental systems.

eTropic: electronic journal of studies in the tropics



’eropiE 33

eTropic 19.2 (2020) Special Issue: Sustainable Tropical Urbanism

Criteria for selecting these indicators begin by determining essential aspects of a
(socio-environmental) monitoring system and identifying variables that estimate the
extent of sustainability or the performance of factors necessary to achieve a certain
threshold of sustainability. An example is a study around ‘Bellagio Principles’ edited
by Hardi and Zdan (1997) published by the International Institute of Sustainable
Development (1ISD). The study synthesised insights from existing practical efforts to
bring together a set of global measures as a guideline to develop assessment tools
and evaluate sustainability progress in different countries.

The Bellagio Principles (Hardi & Zdan, 1997) help improve assessment activities and
processes across the globe. The ten principles include: establishing a clear vision and
a set of feasible goals (Principle 1), content and dimensions of assessments and
identification of priorities (Principles 2-5), steps and process of evaluation (Principles
6-8), and urgency and continuity of the assessment (Principles 9 and 10). These
principles together provide a conceptual sustainability indicator framework for all three
stages of indicator selection, assessment development, and interpretation of results.

The most frequently documented set of indicators in the literature cover several
aspects of sustainability and their compound internal interactions (e.g. Mathi &
Cunningham, 2003; Shen et al., 2011; Mischen et al., 2019; Zhai et al., 2019).
Nevertheless, the literature seems to be consistent in advising that these indicators
should be informative, for instance, Ciegis et al. (2009), easy to gather and easy to
understand (Ding et al., 2015), policy-related (Munier, 2011), and predictive (Niemeijer
& de Groot, 2008). Studies are also persistent in noting that the methods used to
aggregate or produce these indicators should also be transparent and unbiased, for
instance Lamorgese and Geneletti (2013), Niemeijer and de Groot (2008), Michael et
al. (2014). Together, these studies provide a robust theoretical basis for the indicator
or index-based frameworks. More importantly, as Shen et al. (2011) argue, the
indicator systems are required to accommodate the sustainability needs of a city
where it is being implemented.

Another strand of studies has branched out from the application of the matrix-based
system to the use of linear programming in the procedure of selecting sustainability
indicators, for instance, Munier (2011). Bockstaller & Girardin (2003) provide an early
analysis that mainly focused on conceptual validation during the indicator selection
process. The use of indicators has equally been extended from urban assessment to
indicators of the Sustainable Development Goals (SDGs) as evidenced in Zinkernagel
et al. (2018) and Porio (2015); mobility indicators as shown in Stojanovski (2019); and
the housing index as seen, for example, in Siqueira-Gay et al. (2019).
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In early studies such as van Dijk and Mingshun (2005), indicators were selected from
a sustainability indicator database through extensive consultation with academic and
professional experts using a pre-coded questionnaire. Ciegis et al. (2009) reviewed
the overall concept of sustainability indicators and principles of sustainable
development. They concluded that since societies are regularly subjected to change
and evolving interactions, sustainable indicators must be continually revised and
corrected. They also argued that when developing a set of sustainability indicators, all
social, economic, environmental, governance, and cultural dimensions must be
included in the set of indicators. Accordingly, the objectivity of sustainability indicators
should be rooted in their ability to abridge complex issues and interrelationships, as
well as their ability to quantify aspects of sustainability and condense vast volumes of
information to advance a beneficial mechanism of feedback. Overall, the evidence
suggests that the indicator-based frameworks make the sustainability assessment
less complicated for researchers.

Sustainability Rating Systems

Another of the most frequently used methods in the collected sample of studies was
sustainability rating systems. Studies applying the sustainability rating systems
practice include Shen et al. (2011), Nguyen and Altan (2011), BREEAM (2012), Sharifi
and Murayama (2013, 2015), Ameen et al. (2015), Yoon and Park (2015), Wangel et
al. (2016), Elgert (2016), Diaz-Sarachaga (2016), Moroke et al. (2018), Cohen and
Habron (2018), and Sparshott et al. (2018). These studies generally evaluate the
strength and weakness of rating systems based on theoretical consideration,
rationality, practicality and simplicity.

Most of the studies that apply sustainability rating systems often develop tools or
software suitable for evaluating efficiencies in industries or programs pertinent to
energy, renewable energy, and infrastructure. Popular computer programs utilised in
sustainability rating practices include: the Building Research Establishment's
Environmental Assessment Method (BREEAM) in Australia; Leadership in Energy and
Environmental Design (LEED) that was developed by the Green Building Council in
the US; the Comprehensive Assessment System for Building Environmental Efficiency
(CASBEE ) in Japan; Green Star, by the Green Building Council of Australia; and HK-
BEAM, developed by Hong Kong Building Environmental Assessment Method
Society. These computer programs are summarised in Nguyen and Altan (2011).

The review of the collected sample identified a series of rating systems for urban
sustainability. One example was the Pearl Rating System for Estidama used in Abu
Dhabi (see Ameen et al. 2015). The system was developed by the Abu Dhabi Urban
Planning Council in 2010 as the first sustainability assessment framework in the
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Middle East and as a pathway toward 2030 Agenda. Ameen et al. (2015), and Reith
and Orova (2015), provide further reviews of LEED-Neighbourhood Development,
CASBEE-UD (Urban Development), Pearl Community Rating System (PCRS) and
GSAS/QSAS.

Other detailed comparisons of BREEAM, LEED, and CASBEE for sustainability
assessment of urban communities are offered in Berardi (2013), Yoon and Park
(2015), and Lind et al. (2017, 2019). A complete review and the application of
BREEAM is offered in BREEAM Communities Technical Manual (2012). Elgert (2016)
reviewed the Sustainability Tools for Assessing and Rating system (STAR) program
that is used in over 80 US communities and cities and argued that there is a trade-off
between the feasibility and the credibility of the program. Similarly, Cohen and Habron
(2018) reviewed the STAR program in US cities and found that the program does not
adequately address the 2030 Agenda and the SDGs. Sparshott et al. (2018) took a
similar approach to examine a sustainability assessment tool called Green Star
Communities (Green-Star), an urban infill project in Canberra, Australia. The study
found that because of the embedded weaknesses of the scoring system, the real
outcomes of the project were not clear and there was a need for an alternative process.

Further analysis of data retrieved from rating systems is found in Sparshott et al.
(2018), where a semi-structured interview was used to gain a deeper understanding
of the Green-Star rating tool. While the urban sustainability rating systems have been
well applied in many studies, there have been issues identified in the literature
regarding the application of rating tools. For example, its flexibility, prescriptive nature,
and focus on the internal environment (i.e. building) were criticised in Sparshott et al.
(2018). Additionally, Sharifi and Murayama (2013) and Ameen et al. (2015) noted that
most rating tools were not as practical they could be as they do not fully acknowledge
the multidimensional nature of sustainable urban development. Some assessment
tools have been expanded to accommodate aspects such as the built environment in
cities, for example CASBEE-City used in Murakami et al. (2013). Furthermore, Cohen
and Habron (2018) suggested that sustainable urbanisation strategies such as the
New Urban Agenda (initiated after the Habitat Ill conference in Quito, Ecuador in
October 2016) should be integrated into rating systems.

Neighbourhood Development Indicators

Several essential studies within the collected sample focused on neighbourhood
indicators. These studies include Josza and Brown (2005), Shen et al. (2011),
Lamorgese and Geneletti (2013), Sharifi and Murayama (2013, 2015), Ameen et al.
(2015), Yoon and Park (2015), Angel and Blei (2016), Wangel et al. (2016), Lind et al.
(2017), Stojanovski (2017, 2019), Lind et al. (2019), Moroke et al. (2018), Sparshott
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et al. (2018), Zhai et al. (2019), and Wilkerson et al. (2018). These studies explored
neighbourhood settings, pre-conditions, and dynamics that may revitalise local
development initiatives. Researchers in the fields of urban economics and urban
planning have attempted to design frameworks for a better understanding of
sustainable neighbourhood development. These neighbourhood indicators help retain
and enhance neighbourhood special characters and qualities. As stated in Michael et
al. (2014) and Lind et al. (2019), the process of developing these frameworks included
collaborative rendezvous between researchers, policymakers and planners with a
focus on target setting and performance review processes. Selected studies in this
scoping review reveal that multiple indicators have been used differently in different
locations to accommodate a variety of neighbourhood needs, for instance: Josza and
Brown (2005), Shen et al. (2011) and Lamorgese and Geneletti (2013).

A handful of the selected studies such as Ciegis et al. (2009) focused on the use of
local/neighbourhood indicators, while some others such as Shen et al. (2011)
developed a review framework using 71 sustainability and climate change-related
questions to create an assessment tool that was subsequently used in auditing
sustainability reports of 15 major Italian cities. Throughout the process, they identified
danger zones, tipping points and scenarios under which environmental, economic and
social destruction deemed irreversible. Other studies such as Michael et al. (2014)
provided a review around ecological, social, and economic dimensions of urban
sustainability indicators. They applied these indicators and their relevant data in the
contexts of China, Malaysia and Taiwan. The study used a framework for categorising
process-content integration and outcomes for each selected country and found that
while each country is dealing with their different challenges, they have attempted to
integrate some aspects of urban sustainability into their policies. Michael et al.
recommended further integration of urban indicators into policies. Similarly, Huang et
al. (2015) used the same approach as Michael et al. (2014) to develop urban
sustainability indicators to gauge the state and progress of urban sustainability.

More recent studies such as Moroke et al. (2018) and Verovsek et al. (2016)
developed neighbourhood sustainability frameworks to quantify urban system
sustainability and to measure the quality of life in neighbourhoods and cities. They
identified several challenges in developing sustainable urban indicators without a
detailed assessment of the characteristics of selected neighbourhoods. Wangel et al.
(2016) viewed neighbourhood development indicators as guidance for urban
development projects. They provided an in-depth analysis of two systems: BREEAM
Communities (BREEAM-C) and LEED-Neighborhood Development, by focusing on
distinguishing features of the systems concerning sustainable development. Wilkerson
et al. (2018) reviewed studies with a focus on neighbourhoods with socio-economic
disadvantages that are further challenged by social inequality, lack of attention to
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public and green spaces, and inadequate land management. The study found that
socio-economic characteristics of neighbourhoods influence the demand and supply
for urban ecosystem services, and suggested that only urban planning that
incorporates these factors into the delivery and design of green spaces would be
successful in achieving sustainable neighbourhood development.

Additionally, Stojanovski (2017, 2019) developed sustainable mobility indicators on
urban mobility and proposed a methodology to forecast mobility choices on a
neighbourhood scale. McGranahan et al. (2003) looked at the controversies around
the connections between sustainability and cities and proposed criteria that should be
included in urban sustainability frameworks. They discussed the importance of a city's
ability to contribute to not only sustainability goals within their boundaries, but also the
global goals. Mischen et al. (2019) provided a critique of sustainability assessment
systems at the different levels of neighbourhood, municipal, national and global, and
recommended the application of the Community Sustainability Assessment System
(CSAS).

In summary, these studies concluded that most of the sustainability rating tools come
with several weaknesses because of their bias in selecting feature indicators over the
actual indicators (Wangel et al., 2016). They also concluded that there is no one single
set of indicators that would be suitable equally for all neighbourhoods and cities of
different sizes and characteristics (Shen et al., 2011).

Multi-Criteria Decision Analysis (MCDA)

Another popular approach in the collected sample was the application of Multi-Criteria
Decision Making (MCDM) or Multi-Criteria Decision Analysis (MCDA). Studies that
used this method included: Mosadeghi et al. (2009), Pavan and Todeschini (2009),
Schetke et al. (2012), Egilmez (2015), Kropp and Lein (2013), Saarikoski et al. (2016)
and Awasthi et al. (2018).

MCDM is primarily the application of advanced analytical techniques used to make
better decisions. Multi-Criteria Decision Analysis, or MCDA, is an all-purpose
framework that specifically evaluates incompatible objectives or dissimilar information
in decision making (Saarikoski et al. 2016). One of the major strengths of MCDA is its
ability to assess multiple conflicting criteria simultaneously. The method is also
concerned with the choice of decisions that involve identifying the best alternative from
several potential candidates using systematic analysis subjected to pre-determined
selection criteria or attributes that may be either concrete or vague (Pavan &
Todeschini, 2009). Mosadeghi et al. (2009) support the use of MCDA in planning, as
it provides a fair combination of contemporary planning objectives. Mosedeghi et al.
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(2009) also argue that MCDA is useful for autonomous identification and ranking of
the most suitable planning decisions.

The application of MCDA in sustainability studies is on the rise as it provides a
performance evaluation tool for alternative policy options against multidimensional
criteria concerned with social, environmental and economic sustainability aspects. The
process of decision-making will ultimately involve human judgement. An example is
Schetke et al. (2012). They developed a multi-criteria decision framework to assess
the sustainability and resource efficiency of green-fields vs infill development in Essen,
Germany. The method was ultimately called a Multi-Criteria Assessment-Decision
Support Criteria (MCA-DSS) network that was developed by utilising a stakeholder-
driven approach. A large group of city planners, university researchers and city
councils participated in the method's development process, which was subjected to
the selection of a set of indicators. Subsequently, numerous potential indicators were
discussed and the most suitable indicators selected following a participatory approach.
Other indicators such as design and usability in the decision-making process were
also considered; this enabled the authors to identify housing development strategies
that aligned closely with the city and regional sustainability goals.

The MCDA was also applied in a spatial domain in the work of Kropp and Lein (2013)
who examined the sustainability assessment challenges within specific urban settings.
The method was initially developed by conducting an effective assessment of a
problem, which was then followed by data collection, pre-processing, identifying the
influences (e.g. social interactions, community connectivity, historic sites) and
constraints (e.g. prime farmland, parkland, floodplain avoidance), model development
and finally evaluation of the model using scenario analysis. The study found that
scenarios were vital in managing semantic uncertainties surrounding the concept of
sustainability.

To evaluate environmental sustainability performance, Egilmez et al. (2015) applied a
four-step tiered MCDA in a metropolitan region. Throughout these four steps, the
authors assessed 16 sustainability indicators and contacted experts for their
evaluation of these indicators across 27 metropoles. They then developed a Fuzzy
Decision-Making model and quantified sustainability performance scores. They found
that this method was particularly useful when handling data that have both positive
and negative impacts on sustainability outcomes with different scales of measurement.
Mitropoulos and Prevedouros (2016) compared two MCDM methods (i.e. the
Weighted Sum Method, and the Fuzzy Logic method) to rank sustainability
performance of urban vehicles. They found that systematic differences between
methods yielded different outcomes. They argue that the weighted sum method, while
it is the most commonly used method for decision making, proves to be too sensitive
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to extreme data values. In contrast, the fuzzy logic method proved to be more flexible,
more stable and capable of handling inter-relationships between inter-dimensional
indicators. The fuzzy logic method was also found to preferable due to its ability to
combine and manage inaccurate and unclear information.

In summary, MCDA was supported by authors for several reasons including:

* its technical capability of assessing infill planning strategies vs. green-field
development (Schetke et al. 2012)

* its practicality and strength in land suitability analysis when deciding for future
cities (Mosadeghi, 2009)

* its applicability in enhancing future strategic planning for land monitoring and
control alongside sustainability measures (Schetke et al. 2012)

* its ability to explore plausible alternatives and to offer insight regarding the
spatial pattern of sustainable urban development under differing constraints
(Kropp & Lein, 2013).

Urban Metabolism, Principle-Based Framework, and Impact Assessment

Other popular methods applied in the selected studies were urban metabolism,
principle-based framework, and impact assessment. Notable studies in the sample
include Browne et al. (2005), Ciegis et al. (2009), Gonzalez et al. (2011), Pincetl et al.
(2012), Mortberg et al. (2013), Lamorgese and Geneletti (2013), Huang et al. (2015),
Zanella et al. (2015), Riffat et al. (2016), Cohen (2017), Venkatesh et al. (2017), Ulgiati
and Zucaro (2019), and Cepeliauskaite and Stasiskiene (2020).

As stated in Pincetl et al. (2012), urban metabolism methods analyse the flow of
materials and energy within urban areas that allow researchers to use a metabolism
framework to study the connections between environmental and social systems in a
specific region. Browne et al. (2005) were one of the early researchers that applied
urban metabolism method in measuring resource efficiency in a town setting. Later
Gonzalez et al. (2011) integrated urban metabolism into a decision support system
and applied the assessment framework to five cities. The study found that planning
priorities significantly influence the extent and scope of sustainability indicators. Huang
et al. (2015) analysed the relationship between urban metabolism and land-use
practices. Venkatesh et al. (2017) compared two metabolism-based approaches for
urban water services and found both approaches are useful in exploring the influence
of external drivers.

eTropic: electronic journal of studies in the tropics



’eropiE 40

eTropic 19.2 (2020) Special Issue: Sustainable Tropical Urbanism

Ciegis et al. (2009) and Cohen (2017) suggested that principle-based frameworks
should be developed primarily based on sustainable development goals combined
with sustainability indicators. Ulgiati & Zucaro (2019) argued that studying dimensions
of urban metabolism such as the well-being of the citizen, and the city's liveability
should be centre-stage when developing principles of sustainability solutions.
Alternatively, these frameworks could help establish a stand-alone assessment
framework similar to the Strategic Environmental Assessment Framework used in
Lamorgese and Geneletti (2013). Their framework was based on seven principles
including socio-ecological system integrity, intra-generational and inter-generational
equity, cost-effectiveness, efficiency and resource maintenance and immediate and
long-term integration issues.

Finally, the impact assessment approach is based on the application of assessment
tools such as the Land-Use Evolution and Impact Assessment (LEAM) applied in
Mortberg et al. (2013) to assess the ecological implication of land use. In a recent
study by Cepeliauskaite and Stasiskiene (2020), the principles-based approach was
conceptualised to look at sustainable urban ecosystems. The study discussed how
different principles of different constructs could interact with each other in order to build
a foundation to extract a set of broad principles of sustainable urban ecosystems.

Climate Classifications and Geographical Locations Matter

The geographical scope of the reviewed studies is presented as a bar chart, while the
overall percentage of methods used in these studies is presented as a pie chart in
Figure 6. Geographically, the methods applied slightly differ from the prevalent
techniques applied in the literature. The comparison between the summary of methods
in Figure 4 with the pie chart in Figure 6 reveals that while indicator or index-oriented
frameworks maintain a dominant approach in the two figures, the global share of
impact assessment and urban carrying capacity methods in urban studies is 16% and
13%, respectively. The geographical application of the urban metabolism method
increased to 8% compared to the 6% application in urban sustainability literature.

The sustainability rating system declined from 19% to 13% when the method is
analysed from a geographical perspective. Other methods with a lower overall
geographic application are multi-criteria decision analysis at 5%, spatial analysis and
urban form at 3%, and eco-efficiency assessment at 2%. There is also an indication
of a multi-polar geographical tendency among selected studies focused on the
temperate zone. From a country-level perspective, studies with a focus on China
dominate in the diversity of methods used with six methods applied in twelve studies.
In the USA, eleven studies used three different methods. Belgium and Sweden had
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four different methods used in five studies. The next set of countries with three different
methods includes ltaly, Brazil, Australia, Taiwan, Spain, Poland and Japan. Across
Figure 6, indicator or index-oriented frameworks are the most urban sustainability
oriented methods applied across several geographical locations, and this includes the
three out of five tropical countries of Singapore, Malaysia, and Taiwan.

Figure 6 Geographical distribution of the methods applied
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In China, research has mainly focused on addressing environmental issues. For example,
van Dijk and Mingshun (2005) used four medium-sized cities in China as case studies
to measure urban sustainability through the application of the urban sustainability
index. Their study found that the economic performance in these cities affects urban
developments, which can be crucial in achieving urban sustainability. The study also
found that factors such as fast economic growth and rapid urbanisation have resulted
in environmental degradation in Chinese cities, and acted as impediments in achieving
urban sustainability.

The research suggests that immediate attention should be paid to environmental
protection and management schemes. Lin et al. (2010) assessed urban eco-efficiency
in the city of Xiamen in China and found that eco-efficiency, resource efficiency and
environmental efficiency declined 0.155-, 0.157- and 0.153-times from 2000 to 2006.
Yin et al. (2014) identified cities in the southwest and northwest of China as the most
inefficient in the country and largely underdeveloped. Sun et al. (2010) noted that
Mainland China had an uneven distribution of urban sustainability. He et al. (2011)
considered the undesired outcomes of uncontrollable urbanisation and recommended
that ecological planning principles be integrated into urban planning principles. They
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also suggested that to avoid inconsistencies when approaching sustainability goals,
key stakeholders such as administrative, environmental, and urban authorities should
unify and collaboratively develop a better understanding of urban sustainability.

Further, Ding et al. (2015) suggested that for a more regenerative development path,
there is a need for the revitalisation of urban systems, urban planning, and consultation
with local communities to increase awareness about issues pertinent to sustainable
development. In capital cities such as Beijing in China, Huang et al. (2015) concluded
that the city should focus on the principles and development of the circular economy?
and improve land-use practices to achieve smart and effective economic development.
Other studies recommended using urban carrying capacity as a benchmarking method
that pays close attention to a set of urban indicators over time.

Overall, these studies suggested that urban indicators need to be well-maintained and
accurately monitored over dynamic time frames. The urban carrying capacity seems
to be of particular value when studying over-developed and over-concentrated cities.
The method can benchmark decentralisation policies, the efficiency of investment and
resource allocation, and the efficiency of land-use plans with an aim to transforming
consumptive lifestyles to environment-friendly lifestyles (Wei et al., 2015; Zhai et al.,
2019).

In the city of Worcester in Massachusetts, USA, Kropp and Lein (2013) noted that
sustainable development in the city focused on the centre of the municipality and then
extended eastwards along the transport route. The study indicated that social
interactions were vital to expand sustainable areas. Cohen and Habron (2018)
examined the outcome of an urban planning process called the New Urban Agenda
for Asheville in the US state of North Carolina. The New Urban Agenda seemed
compatible with the existing Asheville Comprehensive Plan, particularly when handling
environmental and social dimensions. However, the Cohen and Habron study found
that the New Urban Agenda considers the governance dimension at the city-level,
which is problematic as it fails to resolve conflicts arising from the confrontation
between decentralised decision making processes and top-down federal powers. The
study recommended integrating the principles of the New Urban Agenda into existing
sustainability frameworks focusing particularly on equality and reconciling governance
approaches into sustainability plans.

In Australia, Shen et al. (2011) compared nine different sustainable urbanisation
practices in the city of Melbourne using urban sustainability indicators. They found the
city does not perform well in dealing with social and governance dimensions such as

2 On Circular Econony design in the context of two tropical cities, see Fleischmann, (2018).
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health, safety, fire and emergency response, poverty, natural hazards, adequate
housing, access to credit and land, recreation, transport, etc. The study suggested
that while not all sets of indicators are suitable for all communities, some degree of
standardisation in the process of the development of indicator sets is required.
Sparshott et al. (2018) examine the adaptation of sustainability indicators in urban
areas and analyse the Green-STAR rating scheme that was adopted under the City to
Lake Project in Canberra, Australia. They found that the application of the assessment
tool was beneficial and provided a useful guide for the implementation of green
building practices and determining advancements towards sustainability goals.
However, Sparshott et al. (2018) found several shortcomings including cost
implications and the complexity that comes with the application of sustainability rating
tools due to challenges and barriers of implementation; particularly at the
neighbourhood level, where different degrees of social interaction, environmental and
locational mechanisms are significant.

Notably, the selected studies do not demonstrate evidence of the application of any
climate-based urban planning. This highlights a precarious aspect regarding the
studies, as climatic-classifications and geographical locations influence the
characteristics of urban systems. The assessment of the selected studies indicates
that while there is a widespread acknowledgment of rapid deterioration of resources
available to human-centred systems, none of the studies paid attention to climate-
specific characteristics of the urban systems, which is particularly necessary when
dealing with the objectivity of sustainability indicators. As tropical cities are swiftly
expanding due to the growth of tropical economies and accelerating demographics,
effective integration of regional climate information into urban planning methodologies
has never been more relevant.

In summary, while there are a large number of modelling techniques for climate
change adaptation to aid planners, there is still a strong need for co-planning and co-
design processes to develop impact-modelling methodologies that are climate
effective and environmentally just. Furthermore, there might be a lack of quantitative
modelling skills among local authorities to develop a comprehensive multidimensional-
method (as also indicated in Sang & Ode Sang, 2015). This observation calls for
collaborative processes between practitioners and researchers. Lastly, to avoid multi-
polar tendencies in repeatedly applying the existing methods, there is a growing need
for comprehensive and contemporary urban development models with better
demonstrated predictive capabilities.
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Conclusion

Through multidisciplinary lenses, this scoping review attempted to improve the
conceptual understanding of methods used in sustainable urban development studies.
In addition, this paper suggests the importance of incorporating geographic
characteristics, regional climate information, and the neighbourhood's socio-economic
factors when developing sustainable urban frameworks.

As discussed in the methodology, 195 articles were collected using specific search
criteria. After de-replication and a second round of screening, 98 research works met
the eligibility criteria based on relevance in titles and abstracts. The study then
proceeded to acquire full-text articles. Five articles were unobtainable so were
removed from the review. Ten others were removed on the third screening by
reviewing abstracts and using specific search terms. Upon finalisation, 83 full-text
articles were included in the final evaluation.

The scoping review identified the ten most commonly used methodological
approaches: indicator-index framework, principle-based framework, multi-criteria
decision analysis, sustainability rating systems, principle-based frameworks, urban
metabolism, impact assessment, urban carrying capacity, eco-efficiency framework,
and asset-based framework. Most of these methods have gained visibility in recent
years. The review revealed how each of these methodological approaches come with
strengths and weaknesses, affecting the selection of parameters, assessment, design
processes, and the interpretation of results. The findings of the review indicates that
there is a need for a more comprehensive methodological innovation that covers all
factors and essential dimensions pertinent to urban sustainability.

Finally, this review reveals that some urban sustainability frameworks do not perform
well when dealing with the objectivity of sustainability indicators including, but not
limited to: social inequality, governance, impoverished neighbourhoods, or natural
hazards. This review reiterates that climatic-classifications and geographical locations
influence the characteristics of urban systems, suggesting the importance of
incorporating regional climate information in urban planning methodologies. The
review also finds that understanding the characteristics and dynamics of different
neighbourhoods would lead to the development of initiatives that could be scaled up
to city level and beyond. Finally, this review indicates the possibility of a multi-polar
geographical tendency in the literature that is mainly focused on the temperate zone.
This final observation calls for more comprehensive research with a focus on tropical
cities, with a focus on climate, while also accounting for rapid economic growth and
accelerating demographics.
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