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A B S T R A C T

Urban sustainability rankings may be useful for urban planning. How urban sustainability is defined influences
the results of urban sustainability rankings. Various efforts have been made to define the concept and to op-
erationalize it into specific components (e.g. air quality, inequality, employment). Consequently, numerous
different components are currently being used without agreement on which components are most relevant for
defining and measuring urban sustainability. This study identified which components experts find most relevant
for defining and measuring urban sustainability in a European context. The study thereby provides insight into
what the concept actually entails. This may facilitate the development of future urban sustainability rankings. A
European sample of 419 urban sustainability experts was invited to participate in a three-round Delphi study. In
each round experts were asked to evaluate and comment on the relevance of various components of urban
sustainability. The following seven components were identified as most relevant: air quality, governance, energy
consumption, non-car transportation infrastructure, green spaces, inequality, and CO2 emissions. Five of these
components are part of the environmental dimension of urban sustainability, which suggests that urban sus-
tainability is still perceived as mainly an environmental concept. Based on experts' evaluations of the compo-
nents, weights could be established that reflect the relative relevance of each component for measuring urban
sustainability. This study provides an expert-based framework in which urban sustainability is operationalized
into several weighted components. This framework may be used by future developers of urban sustainability
rankings to properly define the concept and to select appropriate indicators.

1. Introduction

With almost three-quarters of Europeans living in urban areas,
Europe is among the most urbanized continents in the world (UN-
Habitat, 2016). European cities are the engines of the European
economy (European Commission, 2011) and in various ways they have
been front-runners in the field of sustainable urban development
(Newman and Kenworthy, 1999). However, European cities are also
home to many problems such as unemployment, poverty, and en-
vironmental pollution to name only a few (European Commission,
2011). The European Union is therefore committed to making its cities
more sustainable (European Commission, 2010). In 2008 the European
Commission initiated the European Green Capital Award: a competition
in which European cities are evaluated and ranked according to their
environmental standards and commitment to future environmental
improvement and sustainable development (European Commission,
2015). Since then, other institutions have also developed and published

some form of urban sustainability ranking. Examples are the European
Green City Index (Siemens, 2009) and the Sustainable Cities Index
(Arcadis, 2015).

City rankings may be useful for urban governance, in particular
urban planning and development (Besecke and Herkommer, 2007), but
should also be used with caution because of methodological issues
(Meijering et al., 2014). City rankings are often based on an indicator
system. This means that the ranking attribute on which cities were fi-
nally ranked (e.g. urban sustainability) is operationalized into various
indicators that each measure a specific aspect of the ranking attribute.
For each city, data were collected on the indicators and then aggregated
into a composite index value and corresponding rank number. Although
rankings thus developed ought to reflect the performance of cities on
the ranking attribute, they may be very sensitive to various methodo-
logical choices made, such as the techniques used to normalize and
weigh indicators (Floridi et al., 2011; Jacobs et al., 2005; Lun et al.,
2006).
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A fundamental choice concerns the definition of the ranking attri-
bute. How urban sustainability is defined influences the selection of
indicators and thereby ranking results (McManus, 2012). In this regard
it is problematic that many different definitions of urban sustainability
exist (for an overview see Huang et al. (2015)). Additionally, various
concepts related to urban sustainability have been developed during the
last couple of years. Bibliometric analyses of the trajectory of urban
sustainability concepts revealed that the various concepts can be cate-
gorized into two clusters: one with an emphasis on eco-economic issues
and one focusing more on socio-economic issues. Other concepts, such
as low-carbon city or eco-city, seem to be hybrid forms which enrich the
traditional sustainable city concept (de Jong et al., 2015; Fu and Zhang,
2017).

Since the report of the Brundtland Commission (World Commission
on Environment and Development, 1987), it is widely accepted that
sustainability in general and urban sustainability in particular consists
of three pillars or dimensions: environmental, economic, and social
sustainability (Hassan and Lee, 2015; Huang et al., 2015; Tanguay
et al., 2010). Still, these three dimensions are very abstract and open to
a wide range of interpretations. To help define and measure urban
sustainability, various efforts have been made to divide the three tra-
ditional dimensions of urban sustainability into more specific compo-
nents, also referred to as themes or categories (see for example Huang
et al., 1998; Michael et al., 2014; Tanguay et al., 2010). So far, these
efforts all ended up with a different mix of components. As a result,
many different components of urban sustainability are currently being
used without agreement on which components are most relevant for
defining and measuring the concept.

Meijering et al. (2014) suggested that agreement on the definition
and operationalization of urban environmental sustainability may be
achieved by using the Delphi method: a structured data-collection
method that aims to facilitate a group of experts in achieving agreement
on a topic. The method has indeed been frequently used to develop
definitions and operationalizations of various concepts such as ‘team
effectiveness’ (Lohuis et al., 2013) and ‘acute respiratory distress syn-
drome’ (Ferguson et al., 2005). Therefore, the objective of the current
study was to identify which components experts find most relevant for
defining and measuring urban sustainability in a European context by
means of the Delphi method. In doing so, the study provides insight into
what the concept actually entails. This may help developers of future
urban sustainability rankings to properly define the concept, select
appropriate components, and in turn, find or develop corresponding
indicators. The study was restricted to the European context as urban
sustainability is a place-dependent concept (Hassan and Lee, 2015) and
may thus be defined and measured differently in different parts of the
world. Within this context an area may be defined as urban when at
least 50% of the inhabitants live in high-density clusters (i.e. contiguous
grid cells of 1 km2 with a density of at least 1500 inhabitants per km2

and a minimum population of 50.000; see Dijkstra and Poelman (2014)
for full details).

2. Methods

2.1. The Delphi method

The Delphi method, developed in the 1950s by Dalkey and Helmer
(1963), consists of at least two rounds of data collection. In the first
round experts are independently questioned about their opinion on the
topic of interest, usually by means of a standardized questionnaire. To
prevent group pressure and inadvertent influence of dominant in-
dividuals, experts participate anonymously and do not directly com-
municate with each other. Instead, the study moderator provides ex-
perts with so called controlled opinion feedback: a summary of the
findings from the previous round. Based on this feedback experts are
allowed to reconsider and change their opinion in the second round.
This process continues until a pre-specified number of rounds has been

completed, a certain level of agreement has been achieved, or experts’
opinions have stabilized (Diamond et al., 2014; Hasson and Keeney,
2011; Linstone and Turoff, 1975). In the current Delphi study a sample
of urban sustainability experts was questioned about which components
are most relevant for defining and measuring urban sustainability in a
European context. The number of Delphi rounds was pre-specified at
three as it was expected, based on a previous comparable Delphi study
(Meijering et al., 2015), that this would be sufficient to obtain the re-
quired data.

2.2. Expert sample

Urban sustainability experts were considered to be people whose
work is related to urban sustainability as inferred from the institution
they work for, their position within that institution, their job descrip-
tion, or work related activities (i.e. participating in urban sustainability
conferences or projects). With regard to Delphi studies it is re-
commended to compile a heterogeneous panel of experts to assure the
inclusion of a diverse range of views (Hussler et al., 2011; Powell,
2003). For the current study it was therefore decided to search for
urban sustainability experts from four different types of institutions:
academia, business, civil society (i.e. NGOs, non-profit, and commu-
nity-based organisations that pursue charitable or member-oriented
goals), and government. These four types of institutions have all been
involved in the development of urban sustainability rankings. To il-
lustrate, the European Smart Cities Ranking was developed by a team of
researchers from the Vienna University of Technology, the Networked
Society Index by Ericsson, the Sustainable Cities Index by the Forum for
the Future, and The European Green Capital Award by the European
Commission. In addition to searching for experts from four different
types of institutions, it was decided to search for experts from various
European countries.

A convenience sample was assembled from various sources. Several
conferences on urban sustainability that took place in different
European countries in 2013 or 2014 formed a first major source of
experts. Initially, contributors (i.e. presenters and authors of accepted
abstracts as mentioned in the conference program or proceedings) to
the following three conferences were regarded as potentially suitable
experts: The Sustainable City Conference 2014 (Siena, Italy), The Urban
Sustainability and Resilience Conference 2014 (London, United
Kingdom), and The PLEA Conference 2013 (on sustainable architecture
and urban design, Munich, Germany). Because the three conferences
mainly yielded experts from academia, additional experts were ac-
quired from two conferences targeted at a more diverse audience: The
Future Cities Forum 2014 (Munich, Germany) and The Reference
Framework for European Sustainable Cities Conference 2013 (Brussels,
Belgium). Names of potentially suitable experts were researched online
to acquire additional background information (i.e. the institution they
work for, their position within that institution, their e-mail address) and
to verify whether they held a position in an institution located in a
European country.

The Joint Programming Initiative Urban Europe formed another
major source of experts. This program was established in 2010 by the
European Commission and aims to “Enhance the capacities and
knowledge on transition towards more sustainable, resilient and live-
able urban developments” (Robinson et al., 2015). By means of two
calls for proposals the program selected and funded 20 projects. The
coordinators of these projects and their project partners as listed on the
website were regarded as potentially suitable experts. Their names were
researched online to acquire additional background information and to
verify whether they held a position in an institution located in a Eur-
opean country.

Finally, by searching on the internet and talking to experts, many
institutions were found that are active in the field of urban sustain-
ability. For example, developers of urban sustainability rankings (e.g.
Arcadis), partners of sustainable and smart city conferences (e.g.
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Accenture), EU funded research projects (e.g. TRANSFORM), partner-
ships (e.g. Climate-KIC), and consortia (e.g. Amsterdam Institute for
Advanced Metropolitan Solutions). These institutes were contacted by
telephone to find out whether they had urban sustainability experts
who were willing to participate in the Delphi study. In some cases
names and contact details of one or more experts were directly ac-
quired. In other cases a contact person agreed to forward a ready-made
invitation to potentially suitable experts or to put the invitation in a
newsletter or on a website. In this invitation the objective and proce-
dure of the Delphi study was shortly explained. Furthermore, experts
were asked to register their participation by sending an e-mail to the
research team with the following information: their name, the name of
the European country where they work, the name of the institution they
work for, their job title, and how their work relates to urban sustain-
ability. Experts who responded to the invitation were included in the
sample.

Based on all sources a sample of 419 experts was assembled. This
sample included experts from all four institution types, although there
was an overrepresentation of experts from academia. Within each in-
stitution type, experts came from a wide range of fields. Experts from
academia worked in departments such as Civil & Environmental
Engineering, City & Regional Planning, and Human Geography to name
only a few. Experts from business worked for different kinds of com-
panies, such as Arcadis, Ericsson, and Bipolaire Arquitectos. Experts
from civil society were few in number, but came for example from
Climate-KIC, Energy Cities, and the World Future Council. Finally, ex-
perts from government worked for various local authorities as well as
other governmental institutions such as the Joint Research Centre of the
European Commission and the French Environment and Energy
Management Agency. The experts worked in many different European
countries (including Albania, Austria, Belgium, Czech Republic
Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Lithuania, Luxembourg, Netherlands, Norway, Poland, Portugal,
Romania, Spain, Sweden, Switzerland, Turkey, and the United
Kingdom). Of the 419 experts in the sample, 139 participated in the first
round of the Delphi study.

2.3. Questionnaire development

The questionnaire for the first round of the Delphi study was de-
veloped based on several existing urban sustainability rankings. By
entering a search query in three different search engines on the internet
(Google, Bing, Yahoo) on two different computers, eight rankings were
found that rank European cities on their sustainability or another clo-
sely related ranking attribute (see Table 1). The components and the
corresponding indicators of these eight rankings were identified and put
together in one list. This list was content analysed by categorizing
components of different rankings (e.g. air pollution, ambient air
quality) and labelling each category with a single component name
(e.g. air quality). As such, a total of 38 components was identified of

which 22 components recurred in at least three of the eight rankings.
These 22 components were given a single-sentence explanation and
presented in a concept version of the questionnaire. This concept was
pre-tested using the cognitive interview approach (Willis, 2005) with
three urban sustainability experts and one research methodologist from
Wageningen University. Based on the pre-tests, the questionnaire and
the list of components were reviewed and refined. One component
(public service availability) was removed from the list because two
urban sustainability experts noted that it was too comprehensive. The
21 components included in the final version of the questionnaire are
listed in Appendix A.

In the questionnaire experts were asked to express their agreement
or disagreement with two statements about their work in relation to
urban sustainability, using a 7-point scale ranging from ‘strongly dis-
agree’ to ‘strongly agree’. Next, experts were presented with the 21
components in a random order and were asked the following question:
“Based on your expertise, how relevant are the following components
for defining and measuring ‘Urban Sustainability’ in a European con-
text?” For each component experts could give their answer on a 10-
point scale, ranging from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.
Subsequently, experts were asked to explain for up to three components
(they had rated with at least an 8) why they evaluated them as relevant.
Additionally, experts were invited to suggest up to three relevant
components that they missed on the list of 21 components. The ques-
tionnaire was concluded with several background questions to verify
whether experts were assigned to the correct institution type and
European country.

For the second Delphi round a questionnaire was developed which
was similar to the previous one. Again, experts were asked to evaluate
the relevance of the 21 components for defining and measuring urban
sustainability. This time, each component was accompanied by a
summary of the findings from the first round. This summary consisted
of a table with summary statistics showing the component’s median
evaluation, interquartile range, and the percentage of evaluations equal
to or greater than 8, compared to the most and least relevant compo-
nent. The summary also provided a short explanation of why experts
evaluated the component as relevant. As an example, Fig. 1 shows the
summary that accompanied the component ‘green spaces’. Next, experts
were asked to evaluate the relevance of six additional components
which were added based on experts’ suggestions given in the first round
(see Appendix A). Finally, experts were once again invited to explain for
up to four components (rated with at least an 8) why they evaluated
them as relevant.

The questionnaire for the third and final Delphi round had a dif-
ferent set-up. First, an overall summary of the findings from the second
round was presented. This summary consisted of two parts: (1) a table
with summary statistics showing each component’s median evaluation,
interquartile range, and percentage of evaluations equal to or greater
than 8, and (2) short explanations of why experts evaluated each
component as relevant. Experts were asked to read the summary care-
fully and to select, from the list of 27 components, five components
which are most relevant for defining and measuring urban sustain-
ability. To acquire insight into the relative relevance of the five selected
components, experts were also asked to distribute 100 points across
these components. Finally, experts were invited to explain why they
selected the five components as most relevant.

All three questionnaires were written in English, checked by a na-
tive English speaker, and programmed as web-surveys using the online
survey builder Qualtrics (Qualtrics, 2015). In May 2015 an invitation e-
mail was sent to all 419 experts in the sample. One week later experts
received an e-mail with a link to the first online questionnaire. The e-
mails with a link to the second and third questionnaire were sent in
June and September 2015 respectively. In each round of the Delphi
study experts were given up to three weeks to complete the ques-
tionnaire. Experts who did not respond received a maximum of two
reminders.

Table 1
Overview of urban sustainability rankings used to construct the initial list of components.

Ranking Initiator/developer Edition

Cities of Opportunity PricewaterhouseCoopers 2014
European Green Capital Award European Commission 2016
European Green City index Siemens/Economist Intelligence Unit 2009
European Smart Cities Vienna University of Technology

(Department of Spatial Planning)
2014

Networked Society City Index Ericsson 2014
Sustainable Cities Index Arcadis/Centre for Economics and

Business Research
2015

The Smartest Cities in the World Boyd Cohen 2014
The Sustainable Cities Index Forum for the Future 2010
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2.4. Analytic procedure

After the first and second round of the Delphi study the following
statistics were calculated for each component: the median evaluation,
the interquartile range, and the percentage of evaluations equal to or
greater than 8. After the third round the percentage of experts that
selected each component as most relevant was calculated as well as the
total number of points attributed to each component.

To identify the most relevant components in the first and second
Delphi round, a 95% confidence interval was calculated for each
component around the percentage of evaluations equal to or greater
than 8. A component was regarded as one of the most relevant when the
lower limit of that 95% confidence interval was greater than 50%,
implying that significantly more than half of all experts evaluated the
component with at least an 8. To identify the most relevant components
in the third round, a 95% confidence interval was calculated for each
component around the percentage of experts that had selected it. A
component was regarded as one of the most relevant when the lower
limit of the 95% confidence interval was greater than 19%, the per-
centage of experts that would have selected the component based on
chance alone. All confidence intervals were calculated using the Exact
method (Newcombe, 1998).

The level of agreement among experts regarding the relevance of
each component was estimated using the Strict Agreement index (de-
noted SA) (Meijering et al., 2013). This index is easy to interpret as it
expresses the number of agreeing expert pairs as a proportion of the
total number of possible expert pairs, whereby two experts only agree if
they evaluated an item (i.e. component) using the same point on the
rating scale. Originally, the SA was developed for a 5-point scale
whereas in the current Delphi study a 10-point scale was used in the
first and second round. Therefore, when calculating the SA in these two
rounds the agreement criterion of the index was relaxed in such a way
that two experts agree if their evaluations did not differ by more than
one point on the rating scale. Theoretically, the SA can take on any
value between 0 (none of the experts agreed with each other) and 1 (all

experts agreed with each other). Preferably, the SA of the most relevant
components as identified in this Delphi study is greater than 0.5 as this
implies that more than half of all expert pairs agreed on the evaluation
of these components.

The robustness of the results regarding the most relevant compo-
nents was examined by testing whether there were significant differ-
ences between experts from different institutions and experts from
different European regions. As most experts in the sample were from
academia and the number of experts from business, civil society, and
government was limited, a distinction was made between experts from
academia and experts from other institutions. Charron et al. (2015)
showed that countries in Western Europe (i.e. covering the UK, Ireland,
the three Benelux countries, France, Germany, Austria and Switzerland)
and Northern Europe generally score better than countries in Southern
Europe and in Central and Eastern Europe (CEE) regarding the quality
of governance, a concept that is related to countries’ social and eco-
nomic development as well as their environmental conditions. More-
over, in most city rankings (e.g. European Green City Index, European
Green Capital Award) cities in Northern and Western Europe generally
score better than cities in Southern Europe and in CEE. Therefore, a
distinction was made between experts from Northern and Western
Europe on the one hand (in the following called North-West Europe)
and Southern Europe and CEE on the other (in the following called
South-East Europe). In the first and second Delphi round differences
between groups were tested using the Mann-Whitney test (denoted U),
whereas in the third round differences were tested using Fisher’s exact
test (denoted F) (Lindgren, 1976). Because of multiple testing, only
differences with a p-value less than 0.01 were considered significant.

Content analysis (Gray, 2004) was performed on answers given on
open questions. Suggestions for additional components relevant for
defining and measuring urban sustainability, were analysed by cate-
gorizing comparable suggestions. For each category that contained
more than four suggestions a new component with a corresponding
single-sentence explanation was formulated that captured the under-
lying suggestions as fully as possible. Appendix A shows the resulting

Fig. 1. Screenshot of the questionnaire administered in the second Delphi round.
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new components included in the second and third round of the Delphi
study. Explanations on the relevance of each component were analysed
by categorizing comparable explanations, labelling each category with
a single sentence that captured the underlying explanations as fully as
possible, and combining the labels into one short explanation stating
why the component was considered to be relevant. Fig. 1 shows an
explanation for the component ‘green spaces’.

3. Results

3.1. Response and drop-out rates

In the first round 33% of the 419 experts in the panel responded (see
Table 2). Of these experts 93% agreed with the statement “It is im-
portant to me that my work relates to urban sustainability” and 86%
agreed with the statement “In my work I spend most of my time on
urban sustainability issues”, indicating that there was a high level of
commitment among the respondents with regard to urban sustain-
ability. In the second and third round 29% and 27% of the experts
dropped-out respectively. In all three rounds more experts from aca-
demia than experts from other institutions (business, civil society,
government) responded. Furthermore, more experts from North-West
Europe than experts from South-East Europe responded. In the first
round, North-West Europe included experts from Austria (n= 9), Bel-
gium (n= 4), Denmark (n=3), Finland (n= 4), France (n=4), Ger-
many (n= 12), Luxembourg (n= 2), the Netherlands (n=25),
Norway (n=2), Sweden (n=5), Switzerland (n=2), and the United
Kingdom (n= 14), while South-East Europe included experts from Al-
bania (n=1), Greece (n= 3), Italy (n=20), Lithuania (n= 1), Poland
(n=5), Portugal (n=5), Romania (n= 1), Spain (n= 5), and Turkey
(n=2).

3.2. The first Delphi round

In the first round the percentage of evaluations equal to or greater
than 8 ranged between 28% (international embeddedness) and 88%
(non-car transportation infrastructure) (see Table 3). Fourteen compo-
nents were evaluated with at least an 8 by significantly more than half
of all experts and were thus identified as most relevant for defining and
measuring urban sustainability. Of these fourteen components the fol-
lowing ten also had a SA greater than 0.5: non-car transportation in-
frastructure, air quality, CO2 emissions, energy consumption, green
spaces, health, solid waste, climate resilience, waste water treatment,
and water usage.

Significant differences were found between experts from academia
and experts from other institutions regarding the relevance of the fol-
lowing seven components: non-car transportation infrastructure
(U= 1395.5, p < .01), air quality (U= 1495, p < .01), CO2 emis-
sions (U= 1429.5, p < .01), energy consumption (U=1055.5,
p < .01), solid waste (U=1396, p < .01), waste water treatment
(U= 1210.5, p < .01), and water usage (U=1103, p < .01). Experts
from academia tended to evaluate these components as more relevant

than experts from other institutions. Significant differences were also
found between experts from North-West Europe and South-East Europe
regarding the relevance of the components ‘air quality’ (U= 2341,
p < .01) and ‘health’ (U= 2407, p < .01), Experts from South-East
Europe tended to evaluate these components as more relevant than
experts from North-West Europe.

Experts suggested 204 additional components relevant for defining
and measuring urban sustainability. The content analysis yielded 43
different categories (including an ‘other’ category with unique sugges-
tions), of which six contained more than four suggestions. For each of
these six categories a component label and explanation was formulated,
resulting in the following new components: biodiversity, cultural ca-
pacity, governance, local resources, noise pollution, urban micro-
climate (see Appendix A).

Table 2
Number of respondents in each round of the Delphi study.

Round Total response Response per institution typea Response per European regionb,c

Academia Business Civil society Government North-West South-East

1 139 86 18 8 20 86 43
2 99 59 16 6 13 61 31
3 72 47 8 4 10 39 26

a Seven expert were not classifiable due to conflicting information.
b Based on Charron et al. (2015) with Switzerland categorized in North-West and Albania in South-East Europe.
c Ten experts were not classifiable as they stated to work on a European level or did not specify the correct country.

Table 3
Percentage of expert evaluations ≥8 (95% Confidence Interval) and SA per component in
the first and second Delphi round.

Component Round 1 (n= 139) Round 2 (n= 99)

% evaluations≥ 8
(95% CI)

SA % evaluations≥ 8
(95% CI)

SA

Air quality 87 (80–92)a 0.64 89 (81–94)a 0.66
CO2 emissions 87 (80–92)a 0.61 89 (81–94)a 0.58
Non-car

transportation
infrastructure

88 (81–93)a 0.61 89 (81–94)a 0.66

Energy consumption 83 (75–89)a 0.59 88 (80–94)a 0.68
Governance n.a. n.a. 88 (80–94)a 0.65
Green spaces 81 (74–87)a 0.58 87 (78–93)a 0.67
Health 82 (75–88)a 0.59 85 (76–91)a 0.63
Solid waste 81 (74–87)a 0.54 80 (70–87)a 0.57
Climate resilience 80 (72–86)a 0.55 78 (68–85)a 0.54
Waste water treatment 82 (74–88)a 0.55 77 (67–85)a 0.59
Water usage 82 (74–88)a 0.53 75 (65–83)a 0.58
Education 61 (53–70) 0.41 71 (61–80)a 0.51
Civic engagement 71 (62–78) 0.49 70 (60–79)a 0.53
Local resources n.a. n.a. 70 (60–79)a 0.51
Housing 66 (58–74) 0.48 68 (58–77)a 0.61
Inequality 73 (65–80) 0.48 68 (58–77)a 0.51
Employment 59 (50–67) 0.44 66 (55–75)a 0.56
Noise pollution n.a. n.a. 65 (54–74) 0.47
Safety 67 (59–75) 0.44 64 (54–73)a 0.54
Cultural capacity n.a. n.a. 59 (48–68) 0.50
Smart infrastructure 61 (52–69) 0.41 58 (48–68) 0.47
Biodiversity n.a. n.a. 56 (46–66) 0.46
Economic

productivity
48 (40–57) 0.45 56 (45–66) 0.53

Urban microclimate n.a. n.a. 55 (44–65) 0.44
Business climate 47 (39–56) 0.43 38 (29–49) 0.55
International

embeddedness
28 (21–36) 0.35 37 (27–47) 0.40

Entrepreneurship 35 (27–43) 0.42 36 (27–46) 0.45

a Components of which the percentage evaluations ≥8 is significantly greater than
50% and the SA is greater than 0.5.
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3.3. The second Delphi round

In the second round the percentage of evaluations equal to or
greater than 8 ranged between 36% (entrepreneurship) and 89% (non-
car transportation infrastructure, air quality, CO2 emissions) (see
Table 3). Nineteen components were identified as most relevant of
which 18 also had a SA greater than 0.5. These included, in addition to
the ten components that already had a SA greater than 0.5 in the pre-
vious round, the following eight components: governance, education,
civic engagement, local resources, inequality, housing, employment,
and safety.

Differences between experts from academia and experts from other
institutions regarding the relevance of the components were no longer
statistically significant. Significant differences were found between
experts from North-West Europe and South-East Europe regarding the
relevance of the components ‘green spaces’ (U=1322.5, p < .01),
‘education’ (U=1249, p < .01), and ‘noise pollution’ (U=1324.5,
p < .01). Experts from South-East Europe tended to evaluate these
components as more relevant than experts from North-West Europe.

3.4. The third Delphi round

In the third round none of the components was selected by a ma-
jority of experts (see Table 4). As a result, the high values of the SA are
mainly due to a majority of expert that did not consider the components
to be most relevant.

The following seven components were selected significantly more
often as most relevant than what may be expected based on chance

alone: air quality, governance, energy consumption, non-car transpor-
tation infrastructure, green spaces, inequality, and CO2 emissions.
These components also received the most points. Although the com-
ponent ‘air quality’ was selected more often as most relevant than the
component ‘governance’, it received less points. Likewise, the compo-
nent ‘non-car transportation infrastructure’ was selected more often
than ‘green spaces’, but also received less points.

Experts provided various explanations of why they selected a
component as most relevant. They stressed that air quality is relevant
for the health, well-being, and quality of life of inhabitants: “Air quality
is related to health, which is important for people’s wellbeing.” They also
pointed out that air quality is related to many other components of
urban sustainability, such as biodiversity, green spaces, and CO2

emissions.
With regard to the relevance of the component ‘governance’, experts

explained that city governments determine the extent to which cities
develop in a sustainable way: “Governance is a key item in developing
sustainability. Without political support, plans and projects cannot reach
results.” City governments can support a sustainable development
among others by adapting legislation, providing resources, involving
stakeholders, as well as by planning and managing city development.

Experts selected the component ‘energy consumption’ as most re-
levant, because energy is needed to sustain life and because the use of
energy impacts the environment. Cities’ energy consumption is related
to various environmental issues, such as CO2 emissions, climate change,
and the use of natural resources. It also determines cities’ self-suffi-
ciency and dependency on non-renewable energy. Experts stressed that
renewable energy consumption is crucial for a sustainable urban de-
velopment: “The degree of renewability of the overall energy consumption is
a crucial element to achieve sustainability.”

Experts explained that a non-car transportation infrastructure is
most relevant, because it reduces the use and negative impacts of cars
and improves the sustainability of urban mobility: “A sustainable city
should be measured by its mobility infrastructure and in particular to non-
car mobility which is the most environment friendly.” A non-car transpor-
tation infrastructure also improves the environment in terms of among
others pollution, CO2 emissions, energy and resource consumption,
noise pollution, congestion, quality of life, and space use.

Regarding the relevance of the component ‘CO2 emissions’, experts
explained that CO2 emissions impact the environment as a whole and
affect climate change: “The level of industrial activity in urban Europe is
very high. These industrial activities generate a lot of CO2 emissions, which
contribute in no small way to climate change and ultimately affect urban
sustainability.” As emitters of high levels of CO2, cities need to mitigate
and fight climate change. Experts also explained that CO2 emissions are
related to other urban sustainability issues, such as energy consump-
tion, transportation, as well as inhabitant's health and quality of life.

Experts stated that inequality, as a social aspect of sustainability, is
a relevant component that is often neglected: “Societies that aim to be
environmentally sustainable should not forget the social aspects of sustain-
ability, of which reducing inequality is the most important.” Inequality
creates many social problems like social exclusion as well as tensions
and conflicts between different groups of people. A sustainable, func-
tioning, and inclusive city needs to provide for all its inhabitants,
among others by sharing benefits and offering equal opportunities.

Lastly, experts explained that green spaces are most relevant, be-
cause they improve a city's general quality of life as well as the well-
being of its inhabitants: “Green spaces in fact improve the well-being of
inhabitants.” They provide many benefits to a city in terms of among
others biodiversity, air quality, health, and urban microclimate. Green
spaces are also important for recreation, relaxation, and as meeting
places for people. Finally, green spaces support and raise people's
awareness regarding environmental topics.

In addition to the most relevant components, Table 4 also shows the
seven components that were selected significantly less often than what
may be expected based on chance alone: noise pollution, safety, urban

Table 4
Percentage of experts that selected each component as most relevant (95% Confidence
Interval), the SA and total number of points that was attributed to each component in the
third Delphi round.

Component Round 3 (n= 72)

% selected
(95% CI)

SA Number of
points

Air quality 46 (34–58)a 0.50 667
Governance 40 (29–53)a 0.51 676
Energy consumption 40 (29–53)a 0.51 585
Non-car transportation infrastructure 33 (23–45)a 0.55 462
CO2 emissions 32 (21–44)a 0.56 470
Inequality 32 (21–44)a 0.56 452
Green spaces 32 (21–44)a 0.56 446
Health 25 (16–37) 0.62 391
Climate resilience 25 (16–37) 0.62 372
Solid waste 22 (13–34) 0.65 232
Civic engagement 18 (10–29) 0.70 247
Local resources 17 (9–27) 0.72 265
Biodiversity 17 (9–27) 0.72 260
Education 14 (7–24) 0.76 185
Employment 13 (6–22) 0.78 164
Water usage 13 (6–22) 0.78 128
Economic productivity 11 (5–21) 0.80 195
Smart infrastructure 11 (5–21) 0.80 160
Waste water treatment 11 (5–21) 0.80 136
Housing 10 (4–19) 0.82 115
Noise pollution 8 (3–17)b 0.85 119
Safety 7 (2–15)b 0.87 145
Urban microclimate 7 (2–15)b 0.87 113
Entrepreneurship 6 (2–14)b 0.89 85
Cultural capacity 6 (2–14)b 0.89 60
Business climate 4 (1–12)b 0.92 50
International embeddedness 1 (0–7)b 0.97 20

Note: Based on chance alone, each component would have been selected by 19% of ex-
perts.

a Components which were selected significantly more often than expected based on
chance alone.

b Components which were selected significantly less often than expected based on
chance alone.
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micro climate, entrepreneurship, cultural capacity, business climate,
and international embeddedness. The corresponding high values of the
SA indicate that experts generally agreed that these components are not
the most relevant for defining and measuring urban sustainability. The
components also received the least points, except for the component
‘safety’. This component was selected by few experts who gave it re-
latively many points.

With regard to the percentage of experts that selected each com-
ponent as most relevant, no significant differences were found between
experts from academia and experts from other institutions. Likewise, no
significant differences were found between experts from North-West
and South-East Europe.

4. Discussion

4.1. Study outcomes

In this study the Delphi method was used to identify which com-
ponents experts find most relevant for defining and measuring the
ranking attribute urban sustainability in a European context. The fol-
lowing seven components were identified as most relevant and may
therefore be regarded as central for defining and measuring urban
sustainability: air quality, governance, energy consumption, non-car
transportation infrastructure, green spaces, inequality, and CO2 emis-
sions. Remarkably, none of these components was selected as most
relevant by a majority of experts. This lack of agreement reflects the
ambiguity surrounding the definition and measurement of urban sus-
tainability, which has also been discussed in the literature (Ameen
et al., 2015; Tanguay et al., 2010).

Five of the seven components that were identified as most relevant
are part of the environmental dimension of urban sustainability (air
quality, energy consumption, non-car transportation infrastructure,
green spaces, and CO2 emissions). Although sustainability was initially
considered to be mainly an environmental concept (Ameen et al.,
2015), researchers have stressed the importance of especially the social
dimension and to some extent also the economic dimension of urban
sustainability (Ameen et al., 2015; Dempsey et al., 2011; Hassan and
Lee, 2015; Lorr, 2012; Michael et al., 2014). Nonetheless, in this Delphi
study only the social component ‘equality’ and none of the economic
components ended up among the most relevant components. These
findings suggest that urban sustainability is still perceived as mainly an
environmental concept.

The results of this Delphi study also suggest that most environ-
mental policy sub-fields such as water pollution, waste management,
and biodiversity have become somewhat less relevant in favour of other
issues such as climate mitigation, renewable energy, transportation and
green spaces. The only exception here is air pollution which is a clas-
sical field of environmental policy that is considered as the biggest
environmental health risk and is thus still placed high on the political
agenda (see for example the EU’s Air Quality Directive 2008/50/EC or
major events such as the international conference on “Clean Air for
European Cities” which took place in 2015 in Berlin). It appears that
social issues, in particular those related to health and inequality, have
become more relevant, though not yet as relevant as environmental
issues. On the other hand, it seems that economic issues are still not
considered as relevant as social or environmental issues. The compo-
nent ‘governance’, which was included in the Delphi study based on
experts’ suggestions, may be difficult to place under one of the three
dimensions. Whereas some researchers placed it among the social
components (Tanguay et al., 2010), others included it as a separate
fourth dimension (Shen et al., 2011) or see the three dimensions as
embedded in a framework of governance (Petschow et al., 2005).

4.2. Limitations

The first round of the Delphi study started with a list of components
based on various existing urban sustainability rankings. Some of these
rankings may be regarded as leaning heavily on the environmental
dimension of urban sustainability. This could have resulted in bias in
the final results if experts had not been invited to suggest additional
components. Many experts accepted the invitation to make suggestions
and based on these suggestions the list was complemented with six
components.

A convenience sample of European urban sustainability experts was
assembled. To reduce selection bias, selection criteria and different
search strategies were applied. Obviously, this did not result in simi-
larly-sized expert strata. The relatively large number of academics does
not mean the results are biased or not representative per se; after all we
do not know the composition of the total population of European urban
sustainability experts. In the sample no lasting significant differences
between expert groups could be identified. Nonetheless, one may ask
whether or not similar results would have been obtained with a dif-
ferent sample composition or a different sampling strategy. As the study
was explicitly restricted to a European context, caution is advised when
using the results for defining and measuring urban sustainability in
other parts of the world (see Science Communication Unit, 2015).

A low response rate and high drop-out rates are well-known lim-
itations of the Delphi method (Hung et al., 2008; Keeney et al., 2006)
that may also be a cause for concern in this study. In the first Delphi
round 33% of the invited experts completed the questionnaire, which is
comparable to the average response rate of ordinary web-surveys (34%)
(Shih and Fan, 2008). Considering that experts were invited to parti-
cipate in not one, but three questionnaire rounds, the response rate may
be regarded as satisfactorily. Whether the drop-out rates in the second
(29%) and third (27%) Delphi round are favourable or unfavourable in
comparison to other Delphi studies is difficult to determine as many
Delphi studies do not report them (Boulkedid et al., 2011).

4.3. Implications

The results of this study may serve to develop a conceptual frame-
work in which urban sustainability is conceived as a multi-dimensional
concept (i.e. environment, society, economy, and perhaps also gov-
ernance), with each dimension consisting of several specific compo-
nents that are measurable by means of indicators. Such a framework,
also referred to as a domain-issue-based (Maclaren, 1996) or theme-
oriented (Huang et al., 2015) framework, would then contain at least
the seven components which were identified as most relevant.

Selecting indicators for each component remains a daunting task as
a large pool of indicators is available (Huang et al., 2015). Systematic
procedures and criteria for selecting a parsimonious list of urban sus-
tainability indicators are available (see for example Maclaren, 1996;
Tanguay et al., 2010). Indicators for some components could already be
selected based on existing work (e.g. Tanguay et al., 2010), such as ‘the
average annual concentration of PM10 particles in designated re-
sidential zones’ (for the component ‘air quality) and ‘the percentage of
users of mass-transit versus other means of transport’ (for the compo-
nent ‘non-car transportation infrastructure’). Alternatively, indicators
may be selected by means of experts (Giovannini et al., 2008). Perhaps
here lies another opportunity for using the Delphi method, for example
to identify indicators for the component ‘governance’. It would also be
interesting to replicate the current study in other parts of the world to
find out which relevant components are place-dependent and which
components are universally relevant for defining and measuring urban
sustainability.
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5. Conclusion

Meijering et al. (2014) suggested to use the Delphi method to define
and operationalize urban environmental sustainability. This study
showed that the Delphi method indeed seems to be useful for this
purpose. Although high levels of agreement among experts were not
always obtained, the method did prove useful for identifying the seven
most relevant components for defining and measuring urban sustain-
ability in a European context. These components are: air quality, gov-
ernance, energy consumption, non-car transportation infrastructure,
green spaces, inequality, and CO2 emissions. Remarkably, five of the
seven components are part of the environmental dimension of urban
sustainability, which suggests that the experts perceived urban sus-
tainability as mainly an environmental concept (and not so much a
social or economic concept). Overall, this study provides the basis for
an expert-based framework in which urban sustainability is oper-
ationalized into several weighted components. This framework may be
used by future developers of urban sustainability rankings to properly
define the concept and to select or develop appropriate indicators.
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Appendix A

Overview of components evaluated by experts.

Components based on a content analysis of eight existing urban sustainability rankings

• Air quality: the extent to which the air in a city contains pollutants

• Business climate: the extent to which a city is suitable for doing business, for example in terms of taxes, regulations, and corruption

• Civic engagement: the extent to which a city's inhabitants are being engaged in urban policy and politics

• Climate resilience: the extent to which a city is resilient to the potentially harmful effects of climate change

• CO2 emissions: the amount of a city's carbon dioxide emissions

• Economic productivity: the extent of a city's economic productivity

• Education: the education level of a city's inhabitants

• Employment: the extent to which the inhabitants of a city are economically (in)active

• Energy consumption: the amount of renewable and non-renewable energy that is consumed within a city

• Entrepreneurship: the amount of business start-ups within a city

• Green spaces: the amount of nature and parks within a city

• Health: the health of a city's inhabitants

• Housing: the cost and quality of housing in a city

• Inequality: the extent of differences between groups of inhabitants, for example in terms of income, access to education, and political
participation

• International embeddedness: the extent to which a city participates in international networks and hosts international events

• Non-car transportation infrastructure: the size, quality, and use of a city's non-car transportation infrastructure (for trains, the metro, buses,
cycling, walking)

• Safety: the amount of violent crimes within a city and the extent to which inhabitants feel safe

• Smart infrastructure: the extent to which technology is used within a city to improve among others government services, commuter traffic, and
the energy efficiency of buildings

• Solid waste: the amount of solid waste that is produced and recycled within a city

• Wastewater treatment: the amount of wastewater that is collected and treated within a city

• Water usage: the amount of water that is used within a city as a result of water consumption and leakages in the water distribution system

New components based on a content analysis of experts' suggestions

• Biodiversity: the diversity of plant and animal species in a city

• Cultural capacity: the availability of cultural facilities and activities in a city

• Governance: the extent to which the organization and political composition of the city government supports a sustainable urban development

• Local resources: the extent to which a city produces and uses local resources such as food and energy

• Noise pollution: the extent to which inhabitants of a city are exposed to bothersome noise

• Urban microclimate: the extent to which the climate in a city is comfortable for its inhabitants, for example in terms of temperature and humidity
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