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ABSTRACT

As the idea of a smart city has developed over the past few decades
and become commonplace, so the urge to decide which cities are
smarter or smartest, and the need to measure progress of cities
towards increasing smartness have emerged. Measuring the
functioning of cities is complex given that they consist of many
intersecting systems. Many different measures have been
proposed, tested, and in some cases, implemented. This array of
measures results in confusion for researchers, policy makers and
city management. This review of the academic and practitioner
literature, as well as web sites, identified and examined fifty-three
different measures for cities. The characteristics of these measures
were analysed based on information available from desktop
research. Four types and twelve sub-types of smart city measures
were identified. From this analysis, a taxonomy of smart city
measures is presented. The potential uses of each subtype within
the taxonomy are discussed.
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1. INTRODUCTION

Cities and other human settlements are central to the experience
of people on a daily basis, but also over longer periods. Many of
the Sustainable Development Goals (SDGs) work towards
improving this experience for as many people as possible. In
particular, SDG 11, Sustainable Cites and Communities, focuses
on how we can improve cities and human settlements.

Information and communication technologies (ICTs) provide
tools for addressing some of these priorities. ICTs make it possible
to collect and intelligently process data to better understand urban
environments. Modelling tools facilitate experimentation and
design of better urban systems. Communication tools make it
possible to harness the experience and creativity of a wider pool
of people to address urban challenges. This kind of use of ICTs in
cities led to the idea of a smart city [1]. More recent concern for
economic and environmental sustainability has shifted the focus
to how to create smart cities that are also sustainable [2,3].

In order to assess whether cities are improving, it is necessary
to measure and report on progress. However, measuring the
progress of cities is complex and there is a large number of
different measures in use. Cities need to decide what aspects of a
city to measure, what indicators to use for those measures, and
how to use the results to reach their own specific goals.

Defining city indicators takes skill and while cities can draw
on standard indicator sets, selecting from among them is complex
[4]. Interpreting indicators requires expertise as does setting up
appropriate data collection and management procedures. Turning
indicators into a holistic picture of city functioning is also
complex. Two approaches to this are evaluation models [5,6,7] and
composite indices [8,9]. Cities need to select high-quality
approaches that are appropriate for their circumstances, but often
lack information about alternatives or an understanding of the
application of different measures.

At the same time there are indices that are used to rank cities
in terms such as their “liveability” [10], quality of life [11], or their
ability to support innovation [12], among other criteria. Such
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indices are presented on web sites and the annual results can
attract considerable press coverage. It is not always clear what
these different rankings mean and, for cities, whether they are
worth participating in or how to respond to the consequences of
being a participant.

Cities lack information and guidance as to what measures exist
and how to evaluate and apply them. This makes it difficult for
cities to accurately measure their progress. It also means that
cities do not use comparable measures, making it difficult to get a
national, regional or global picture of the state of cities.

As a first step towards addressing these concerns, this paper
used a review of academic literature as well as online practitioner
resources to collect a set of fifty-three measures for smart,
sustainable cities and develop a taxonomy to describe these
measures. The different measures were analysed in terms of their
purpose and application. This taxonomy will assist researchers in
understanding the range and nature of measures available. The
analysis of the uses of these measures may be helpful in
developing guides for practitioners.

2. BACKGROUND AND RESEARCH
QUESTIONS

2.1.Research into city measures

The concept of a smart city is contested and open to many
different interpretations [13]. For some, a smart city is about the
application of information and communication technology (ICT)
to the functioning of a city; often also called a digital or wired city
[1, 13]. For others, the smart city is about economic growth or
“business-led urban development” [13]. A third discourse is about
the smart inhabitants of the city [14] and their preferences for a
space that is convenient and pleasant to live in [15]. More
recently, there is a discourse about the city as sustainable [16,17]
which has become intertwined with the idea of a smart city [2,3].

A practical approach to these different discourses was taken by
ITU-T who examined different definitions of a smart city and
analysed those definitions to arrive at their own, comprehensive
and inclusive definition of a smart, sustainable city as: "an
innovative city that uses information and communication
technologies (ICTs) and other means to improve quality of life,
efficiency of urban operation and services, and competitiveness,
while ensuring that it meets the needs of present and future
generations with respect to economic, social and environmental
aspects” [18].

While some of the smart city discourse focuses on whether a
city is or is not smart [19,20], others are concerned with how cities
can become smarter, and more sustainable over time [6]. Whether
looking to achieve the status of “smart”, or simply to become
smarter, cities need measures for smartness.

One way to measure cities is to measure their individual
components or domains. Many models have been proposed for
these. Examples include (1) smart economy, smart mobility, smart
environment, smart people, smart living and smart governance
[14,21], (2) ICT and information, governance, quality of life,
infrastructure and services, people and society, environment and
sustainability, economy and mobility [22] and (3) the components
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of a city that can be deduced from the SDG11 targets: housing and
basic services, transport, urban planning, the protection of natural
and cultural heritage, disaster management, environmental
impact, public spaces, the links between urban and rural centres,
policies to address climate change and support for least developed
countries [23]. A somewhat simpler approach, has been to
categorise the elements of the city in three broad areas: actions
and initiatives with economic outcomes, those focused on the
occupants of a city or community and those that focus on the
environment [4,24].

The idea that a city is the sum of its parts can be seen in many
of the measures proposed for cities. Many of them measure the
performance of a set of city components and use this data, often
with a simple average or weighted average, to ascertain the
overall functioning of a city [25,26]. However, a city is comprised
of many different systems and the success of the city as a whole,
depends not only on how well each part functions, but also on the
interconnections between these systems. Some attempts at
measuring cities focus more on understanding the relationships
between different elements of the city rather than a single overall
measure [27,28].

Measures of city performance often rely on indicators that
have been classified as first- second- and third-order [29], where
first-order outcomes refer to changes to the local government
organisation, second-order outcomes are changes in the
relationships between government and other urban actors and
third-order outcomes are “improvements to the city”. Others
classify indicators in terms of input, process, output, outcome and
impact [4]. Output, outcome and impact measures are preferred,
and tend to use economic or social metrics [22,30,31] or in some
cases, environmental [32]. However, input and process measures
are important for cities that are in the early stages of making
improvements when other measures may not yet be available or
observable [4].

Many of the smart city measures focus on measuring capital
cities (as representative of a country) or cities that are important
centres of commerce or industry [33, 34], but some researchers
have developed measures that are useful for cities of different sizes
and different stages of development [35, 36].

The data that is used for measuring smart cities has also come
under scrutiny. Often the data used to measure cities is historical
[37], collected by national or international bodies and some is
collected by cities themselves [38]. Data may be missing or of poor
quality [39] and need to be substituted by national data. An
eloquent case has been made for the use of real-time data to
measure smart cities [40], in effect making the measurement as
smart as the smart city.

There are papers in the literature that argue for the value of
specific techniques in measurement. For example, arguing for the
value of using principal component analysis in the construction
of indices as a tool for reducing the number of dimensions (or
variables) that need to be measured while retaining a substantial
amount of information [4].

Finally, the literature reflects many different reasons or
purposes to measure cities. Some researchers are looking to
understand the relationship between city characteristics and
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performance, such as the factors that impact wealth, in order to
better define a smart city [37]. Others aim to identify
characteristics and adverse conditions in cities that are most
important for addressing their sustainable urban transformation
[5,6,7]. Many measures aim at ranking cities according to defined
criteria [10,41], such as their "attractive power” to creative
individuals and business enterprises [34]. Some measures have
more prosaic goals, such as to enable cities to access funding [42].

2.2. Research questions

The measurement of city performance is complex and multi-
faceted. Firstly, cities consist of many inter-related systems, each
with their own goals and objectives [43], that impact each other.
Second, cities answer to many different internal and external
stakeholders [44] who may have conflicting ideas on what
constitutes success for a city. Third, the selection of measures
(and, indeed the decision to measure at all) is a socially defined act
that is influenced by current discourses, prevailing beliefs and
available information and the various centres of power that
influence them.

This research aims to aid the process by cataloguing and
characterising the different kinds of city measures currently in
use. We are also interested in which measures might be most
appropriate for what ends. Thus, the research questions that this
paper seeks to answer are:

1) What measures of smart cities have been proposed and /
or are being used?

2) What types of measures can be identified and what are
their characteristics?
3) For what purposes are these measures intended or

suited?

3. RESEARCH METHODS

This study is descriptive and based on desktop research carried
out during 2019.

A review carried out by the United Nations University in 2016
[21] identified fifteen measures of smart cities that included
indicator standards, indices and models. This list was expanded
using searches of the academic literature, following references in
identified papers to other measures, and through web searches as
described below.

A search for smart city indices was conducted in May 2019,
using the Web of Science, to identify journal or conference papers
including the terms “smart city” and “index”. This search returned
100 papers from which 16 were identified that reported on the
construction or evaluation of unique indices for smart cities. In
selecting these papers, duplicates (which reported on the same
index) were eliminated, as were papers that constructed indices
for only one aspect of a smart city (such as transport, happiness
or the efficiency of construction), as well as papers for which the
full text could not be obtained. The detailed process for this search
is reported in [45].

The Google and Duck Duck Go search engines were used with
the search strings “smart city index” and “smart city model” and
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the first two pages of results were examined for other city
measures that met the same criteria.

While these initial searches focused on measures for smart
cities, it became clear that, in the absence of an agreed definition
of a smart city, and with the growing, overlap of research into
smart and sustainable cities, it would be necessary to interpret a
smart city generously, including measures for variants such as
intelligent cities, creative cities, livable cities and sustainable
cities. Subsequently, the search was expanded by following
references and further web searches as described below.

Where articles made reference to other city measures, the
references were followed up. Where they were established to be
measures of the city’s overall smartness or sustainability (and not
only one aspect), they were added to the list. In some cases, there
was limited information about the measure referred to and, in
these cases, further information was sought using internet
searches and searches of the academic and practitioner literature.
In each case the criteria were to include measures that (1)
considered the city as a whole and not just one aspect and (2)
could be generously considered to measure a smart or sustainable
city, allowing for the different discourses and understandings that
have been imposed on these concepts.

For all of the measures identified in this process information
was captured including the name of the measure, who originated
it, the sources of information (references), the purpose, the target
cities, the geographical region, whether the measure had been
applied repeatedly, how many cities had been evaluated, the city
dimensions that the measure evaluates, the number of underlying
indicators (where appropriate), the data used and the rigour of the
measurement process.

Analysis of the measures to arrive at a taxonomy proceeded in
stages:

1)  Collecting descriptive information about each measure
and eliminating those that did not meet the criteria.

2) Analysing the types of measures and dividing the
measures into types.

3) Analysing the nature and purpose of the measures and
relating these to characteristics such as origin and type.

4) Analysing the measures within types to identify major
sub-types for each type.

5) Refining the taxonomy by reviewing the different sub-

types and particularly exceptional cases.

4. SMART CITY MEASURES

In total, fifty-three measures of smart cities were identified. The
measures could be classified into four groups: indicator standards,
models, indices and other measures. Indicator standards are sets
of indicators designed to measure aspects of city performance.
Models are maps of city constructs and how they are related, with
some means of assessing the functioning of each construct or
measuring the relationships between constructs. Composite
indices assign a single measure to a city based on indicators that
measure a number of different city dimensions. Indices are
sometimes, but not always, based on an explicit model of the city
dimensions and some have been validated to prove that they
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measure what they claim to measure, but the validation is often
lacking. Finally, there were some measures which did not fall into
the first three categories. Among the measures identified were 10
indicator standards, 9 models, 25 composite indices, and 9 other
measures.

4.1.Indicator standards

Indicator standards are sets of indicators identified as suitable for
measuring different aspects of a city. They are defined by
standards bodies at international, regional or national level. Our
searches identified ten indicator standards for cities.

Table 1: Indicator standards for cities

NO. NAME ORIGIN REF
S1 CITYkeys - Smart City KPIs Research group [46]
S2 ETSI TS 103 463 KPIs for sustainable Regional body [47]

digital multiservice cities
S3 ISO Sustainable Development of International [48]
Communities - Indicators for City body
Services and Quality of Life 37120:2018
S4 | ISO Sustainable cities and communities — International [49]
Indicators for Smart Cities 37122:2019 body
S5 I1SO Sustainable cities and communities — International [50]
Indicators for Resilient Cities 37123 body
(under development)
S6 ITU-T Y.4901/L.1601 KPIs related to the International [51]
use of ICT in SSCs body
S7 ITU-T Y.4902/L.1602 KPlIs related to the International [52]
sustainability impacts of ICT in SSCs body
S8 ITU-T Y.4903/L.1603 KPIs for SSCs to International [53]
assess achievement of SDGs body
S9 ITU-T “Key Performance Indicators in International [54]
Smart Sustainable Cities” body
S10 SDG monitoring framework (indicators International [55]
for SDG11) (Inter-Agency and Expert bodies
Group on SDG Indicators)

Of the ten indicator standards, one was defined by a regional
research group (S2), one by a regional body (S1). These regional
organisations were both based in Europe and were defining
standards to be applied to cities in Europe.

Three standards (S3, S4, S5) were defined by the International
Organization for Standardization (ISO), four (S6, S7, S8, S9) by the
International Telecommunications Union (ITU-T) and one (S10)
by a group working across international agencies. Those defined
by international bodies were intended to be applicable to cities
globally.

Huovila et al. [4] examined the characteristics of smart city
indicator sets and classified them in terms of their balance
between indicators for smartness (further categorized as hard or
soft) or sustainability (further categorized by people, planet or
prosperity) and the types of indicators (input, process, output,
outcome and impact) that they include. Their work provides an
excellent assessment of the relevance of these indicator sets for
specific applications.
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Analysing the purposes expressed by the originators of
indicator standards shows that most strive to help cities to achieve
goals that are assumed for the cities. These include “wide-scale
deployment of smart city solutions” (S1), “performance of city
services and quality of life” (S2), “social, economic and
environmental sustainability outcomes” (S3), “resilience” (S3) or
improving perceptions of smartness (56, S7, S8). Two of the sets
(S9, S10) expect the measures to help cities to meet SDGs.

Three of the indicator standards state that their purpose is to
have an ultimate impact on society. These include “to create
impact on major societal challenges around the growth and
densification of cities” (S1), to “steer” the performance of “city
services and quality of life” (S2) and to “dramatically improve” the
“social, economic and environmental sustainability outcomes” of
cities (S3). Only two of the indicator standards aim to help to
achieve goals that the cities define for themselves (S3, S5).

4.2.Smart city models

Models define a set of smart city constructs and how they are
related. Models help to understand the complexity of cites by
breaking the functioning of the city into multiple parts so that the
functioning of each can be assessed.

The models identified in this process had more diverse origins
than the other measures. Two (M6, M8) originated from a private
company, one (M7) from a private consultant, three (M1, M2, M3)
from academic research, one (M9) from an international body and
one (M5) from a government-led partnership. Three of the models
were developed for specific regions: European middle-sized cities
(M3), Scottish cites (M4), Chinese cities (M2), and Chinese and
European cities (M5). Three models (M6, M8, M9) were intended
to apply to all cities, globally, while two (M1, M7) were not explicit
about which cities they were intended for.

Table 2: Models for cities

NO. NAME TYPE REF
M1 Model of smart city performance Clustering [7]
(augmented triple helix and clustering)
M2 Modelling city development patterns in Clustering [6]
China
M3 REMOURBAN (REgeneration MOdel Clustering [5]
for accelerating the smart URBAN
transformation)
M4 Smart Cities Maturity Model and Self- Maturity model [56]
Assessment Tool (Scottish Cities
Alliance)
M5 Smart City Assessment Framework (DG | Maturity model [57]
CNET, EU Commission & CATR)
Mé Smarter City Maturity Model (IBM) Maturity model [58]
M7 Boyd Cohen Smart City Wheel Descriptive [59]
M3 Municipal Reference Model (IBM) Descriptive [60]
M9 Policy Evaluation Model (UN-Habitat) Descriptive [61]

The models are of three different types: descriptive models,
maturity models and clustering models.
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The descriptive models (M7, M8, M9) are the simplest. They
define city functioning in terms of a number of dimensions and
then define measures for each of these dimensions. In all three
cases there was little detail about the sub-dimensions and the
ways in which they were measured. The chief benefit of such
models is that they enumerate the elements of the city to be
measured ensuring that all of the selected dimensions are
considered. The extent to which such measures are holistic
depends, however, on the selection of dimensions in the model.
These models differ from simple composite indices in that they do
not attempt to arrive at a single measure for the city and tend to
report measures for each dimension.

Three of these models (M4, M5, M6) follow the tradition of
maturity models [62,63] originally used to evaluate the maturity
of organisations based on their processes. Maturity models
propose a set of levels through which an entity develops
sequentially with each level characterised by defined
achievements. These models can be used to measure maturity by
comparing current characteristics with detailed descriptions of
performance at each level.

Maturity models are useful because they do not require
specialist skills to use, but they have been criticised for suggesting
a single, linear development path (from infancy to maturity)
without the possibility of variety [64, 65]. To be effective they
need detailed level descriptors with information about how the
levels are to be assessed. Poppelbufl and Roglinger [65] identified
three levels of design principles for a useful maturity model, but
none of the three models examined conform to even the first level,
suggesting that these maturity models are of poor quality.

The first three models (M1, M2, M3) all make use of clustering
techniques to group cities, although their approaches differ.
Lombardi et al. [7] (M1) analyse the relationships between “smart
city components” and the extended triple helix to identify cities as
one of Entrepreneurial, Pioneer, Liveable and Connected, based on
the emphasis given to each of universities, government, industry
and civil society in the policy vision. Li et al. [6] (M2) analysed
Chinese cities and identified six groups of cities with distinct
patterns of development. The analysis allows for a nuanced
discussion of the resources available and strategies each city
employs for development and their relative success. Garcia-
Fuentes et al. [5] (M3) used clustering techniques to identify the
characteristics and conditions in European middle-sized cites to
provide a model enabling transformation of the city ecosystem.

Smart city models appear to be a tool, not simply for measuring
cities, but an aid to planning. Descriptive models and maturity
models provide an ideal city state against which cities measure
themselves, thus showing them where they might improve. The
purposes expressed for these models included being “a tool to help
cities, communities and companies to become smart” (M?7),
resulting in a “city action plan” (M9), for cities to “decide where
they want to be” (M4) and to “build a roadmap” for the future (M6).
More intricate clustering techniques are used to understand the
nuances of city improvement in multiple dimensions as a starting
point and guide for cities to improve.
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4.3. Composite indices

A total of 25 composite indices were identified that attempt to put
a single value on the state of a city, based on measures of a
comprehensive range of city activities.

Composite indices have been proposed by academic
researchers (C5, C15, C16, C18, C23, C25), research groups (C7,
C8) and institutes (C10, C13), national governments (C1, C6 and
C19), international bodies (C3, C4, C12), and private companies
(C2, C9, C11, C14, C17, C20, C21, C22, C24).

In trying to understand the different purposes of the composite
indices, the stated purposes for each were compared as well as the
origins of the indices, the types of cities that they targeted and
whether the indices were in ongoing use or not. Four groups of
indices were identified with primary purposes that were to (1)
provide 2) 3)
commercial uses and (4) for increased knowledge of city

information, to facilitate transformation,
functioning.

Seven composite indices (C1, C5, C12, C17, C18, C24) appeared
to simply provide information with no explicit purpose or use for
this information. They spoke in general terms of “evaluating
national digital cities” (C1), creating a “comprehensive city index”
that would be of interest to a broad audience (C5), ranking of cities
(C12, C18) and looking at ways of combining data sources (C24).

These
individuals (C17, C22, C24), governments and international bodies
(C1, C12) and academic sources (C5, C18). Two of these indices
were intended for regional use, in Brazilian cities (C1) and
European cities (C18). The rest had wider application. Most of
these indices (C1, C5, C17, C18, C24) were implemented only once
or twice. One (C12) was still under development. An interesting
exception was Numbeo’s Quality of Life Index (C22) which
supplements crowdsourced urban data with authoritative sources
and provides an open information source about cities. It has been
collecting and sharing data since 2009.

indices originated from private companies and

Table 3: Composite indices for cities

NO. NAME PURPOSE REF
C1 Brazilian Index of Digital Cities Information [38]
C2 Cities of Opportunity Index (PWC) Commerce [33]
C3 City Prosperity Index (UN-Habitat) Transformation [66]
C4 City Prosperity Perception Index Transformation [67]

(UN-Habitat)
C5 CityCard Index Information [68]
Cé Ease of Living Index (India) Transformation [69]
C7 European Smart Cities Index Knowledge [70]
(large cities)
C8 European Smart Cities Index Knowledge [70]
(medium cities)
Cc9 Global Liveability Index (EIU) Commerce [10]
C10 Global Power City Index Knowledge [34]
(Mori Foundation)

c1 Global Smart City Index (Statista) Commerce [41]

C12 Global Smart Sustainable Cities Index Information [71]
(U4ssC)
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NO. NAME PURPOSE REF
C13 IESE Cities in Motion Index Transformation [72]
Cl4 Innovation Cities™ Program Commerce [73]
C15 Intellectual Capital Index Knowledge [74]
C16 Intelligence Index for Portuguese Cities Transformation [75]
Cc17 Italia Smart Rapporto Smart Cities Index Information [76]
(E&Y)
C18 Lisbon Ranking Information [27]
C19 Liveability Index (India) Transformation [77]
C20 Mercer Quality of Living Index Commerce [78]
C21 Networked Society City Index Knowledge [79]
C22 Quality of Life Index Information [11]
C23 | Shang’s urbanization and innovation index Knowledge [28]
C24 Spatially adjusted liveability index (EIU) Information [80]
C25 Urban Quality Index Transformation [26]

Seven of the composite indices (C3, C4, C6, C13, C16, C19, C25)
had the explicit goal of transforming cities. They were intended to
monitor, prioritize investment and stimulate policy dialogue (C3),
improve sustainability of cities (C4), promote healthy competition
between cities (C6), connect cities and companies to develop ideas
and tools to “promote change at the local level” (C13), support
decision-makers (C16), develop Indian smart cities (C19) and
“support cities’ transformation into smart sustainable cities”
(C25).

These indices originated from one international body (C3, C4),
one government (C6, C19), and academic research (C13, C16, C25).
Four of these indices had regional foci on cities in India (C6, C19),
Portugal (C16) and Europe (C13). The remaining three were
intended to be applied to cities globally (C3, C4, C25). The Urban
Quality Index (C25) examined “medium density neighbourhoods”
of between 4000 and 10000 inhabitants. This was the only index to
look at a smaller scale than a city. Four of these indices were
applied only once (C6, C16, C19, C25). The two UN-Habitat indices
(C3, C4) appear to be used repeatedly, but the results are not
published by city, and the IESE Cities in Motion Index (C13) has
been updated annually since 2014.

Five of the composite indices (C2, C9, C11, C14, C20) have
primarily commercial purposes. These indices collect data to assist
client companies in compensating employees on international
assignments (C9, C20), to identify cities with the “best conditions
for innovation” (C14), or to gain market intelligence for their
customers (C2, C11).

Unsurprisingly these indices all originated from private
companies. Four of them (C2, C9, C14, C20) have been updated
annually for some time, but Statista’s Global Smart City Index
(C11) appears to have been calculated only once, in 2019.

Finally, six of the composite indices (C7, C8, C10, C15, C21,
C23) have the primary goal of increased knowledge. They seek
understanding of relationships between city characteristics or
actions and performance. They are proposed as tools for “effective
learning” about “urban innovations in specific fields of urban
development” (C7, C8) or to “find relationships between "new-
type urbanization" and innovation” (C23). They seek to
understand the “attractive power” which draws creative
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individuals and business enterprises to cities (C10) or the
intellectual capital of cities (C15). Or they try to “capture how
cities perform in relation to sustainable operating limits and not
just in relation to each other” (C21).

Most of these composite indices originated from academic
research (C7, C8, C15, C23) with the exception of the Global Power
City Index (GPCI) (C10) from the Mori Memorial Foundation, a
private research institute, and the Networked Society City Index
(C21) which originated from a private company. Four of these
indices were applied to cities in specific regions: Europe (C7, C8),
Spain (C15) and China’s Shaanxi province (C23). The other two
were applied to a small selection of global cities. The Global Power
City Index (C10) has been published annually since 2008.

Composite indices claim to measure some city construct such
as smartness, intelligence, economic power or liveability. Not all
of the indices examined take care to define these constructs, or to
validate that this is indeed what is being measured. The indices
from academic sources more commonly do this, but those from
national governments, international bodies and private companies
appear to rely on expert opinion, rather than statistical evidence,
for the validity of their claims.

This analysis suggests that composite indices for city
performance can be categorized according to their intended
purpose. Four explicit purposes were identified: (1) indices for
information that simply sought to measure the city with no
mention of how the information was to be used, (2) indices for
transformation that have the explicit purpose of helping cities to
transform or improve, (3) indices that are developed for
commercial ends and (4) knowledge indices that were constructed
to understand nuanced relationships between city systems and
their functioning.

4.4.0ther smart city measures

There were some unusual measures that did not fit into any of the
above categories.

Four of the measures identified (01, 02, 03, O4) relate to
competitions or awards and reflect the criteria set for the
competition. In these cases, cities are expected to present
applications, in a defined format, to be evaluated. Cities are told
which areas or city dimensions they should provide information
about, but there are no specific indicators used to evaluate these
areas. Applications are assessed by a panel or committee to
establish which city makes the best application overall, but there
is no detailed information provided as to how the decisions are
made. It would appear that the selection of winners relies on the
expertise of the panel. Competition criteria originated from
different sources: a regional body (O1, O2), a private company
(03), and a government (0O4).
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Table 4: Other measures for cities

NO. NAME TYPE REF

o1 European Green Capital Award Competition [81]

02 European Green Leaf Award Competition [81]

03 Smart 21 Communities of the Year Competition [82]

Award

04 Smart Cities Challenge Competition [83]

05 City Strength Diagnostic Evaluation process [84]

06 Smart City Assessment Evaluation process [58]

o7 Smart City Model Intervention [42]
assessment

08 Sustainable assessment by fuzzy Intervention [86]
evaluation (SAFE) for cities assessment

09 World Council on City Data Evaluation process [87]

The World Bank’s City Strength Diagnostic (O5) is a five-stage
evaluation process described as a “rapid diagnostic” designed to
“help cities enhance their resilience to a variety of shocks and
stresses”. It is intended to facilitate dialogue about risks, resilience
and urban system among city stakeholders. This measure is
supported by a detailed “Methodological Guidebook” [84] which
describes a process employing reviews, workshops, interviews
and field visits to collect information and culminating in a
prioritization process for deciding on actions. Similarly, IBM’s
Smart City Assessment (06) is described as a “tool for assessing
performance and overall capabilities against peer cities” with the
goal of developing a city strategy. There is little information on
the detail of this assessment with cities being invited to make
contact if they are interested in the service.

Similarly, the World Council on City Data (WCCD) (09) is a
private company that collects city data using the ISO37120
indicators. They provide networking and training for cities to
develop data collection capacities, and certify cities as ISO37120
compliant. Their intent appears to be commercial, with cities as
their primary customers. This is not a smart city measure in itself,
but a means to assist cities to improve their use of measures.

The academic papers by Lazaroiu & Roscia [42] (O7) and Phillis
et al. [86] (O8) both describe processes that use fuzzy logic to
assess which interventions will most benefit cities. The first (07)
is described as a “tool for policy-makers” that “estimates the
effects of their interventions, reducing subjectivity of decisions”.
It combines expert opinion with indicators to assess the sensitivity
of city performance to changes in specific areas. The second (08),
modifies the SAFE model used to evaluate sustainability of
countries, to be applied to cities. The process identifies three areas
will make the most impactful

in which interventions

improvements.

5. ATAXONOMY OF SMART CITY MEASURES

Taxonomies classify items on the basis of empirically observable
and measurable characteristics [88]. In this study, four distinct
types of measures were identified. These include indicator
standards, models, composite indices, and other measures.
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Within each of these types of measures, sub-types were
identified based on observed characteristics of the measures. This
suggests a taxonomy of measures as shown in Table 5. This section
discusses the potential uses that cities can make of these different
types of measures.

Indicator standards focus on the first level of measurement, the
measurement of individual elements of a city. These are useful for
researchers and policy makers as they provide a common basis for
measurement and comparable measures. They can also be useful
for cities as they do the work of deciding on good measures and
give information about appropriate data collection. International
standards reflect international goals and priorities while regional
standards reflect regional goals and priorities. Cities need to be
selective about which indicators they use in order to focus on their
own concerns. The work of Huovila et al. [4] provides a good
analysis of where indicator sets measure smartness and / or
sustainability goals and also the type of indicators they offer.
Cities that are at the start of their smart sustainable journey will
need to use more input, process and output indicators while those
further along will find outcome and impact indicators more useful.

Table 5: A taxonomy of smart city measures

TYPE SUB-TYPE USES FOR CITIES
‘ Internationally defined Aligning with international
Indicator goals
standards
Regionally defined Aligning with regional goals
Descriptive models Simple monitoring
Models Maturity models City development
Clustering models Deeper ana[ys!s and
understanding
Information goals Simple city monitoring
Transformation goals City development
Composite
indices Commercial goals Benchmarking for large cities
Deeper analysis and
Knowledge goals understanding
Competition criteria Competitions
Other Evaluation process City development
measures
Intervention evaluation Prioritising interventions

Models help cities to understand and map the different
dimensions that need to function effectively. Descriptive models
provide a language for understanding these dimensions and,
sometimes, ideas for how each dimension can be measured.
Descriptive models are useful tools for basic monitoring of city
functions and can be a good starting point for cities.

Maturity models represent particular understandings about
how an entity evolves to a more mature state [89, 90]. A maturity
model can be used to diagnose the current state of the city, as a
guide to potential desired states or to facilitate internal or external
benchmarking [65]. Maturity models are easy for cities to
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understand and, if they are well-defined, to apply. A good
maturity model will provide the information and definitions
needed to understand the model, verifiable criteria and an
appropriate assessment methodology, improvement measures and
a way to prioritise between them [65].

Clustering models can be useful for researchers and policy
makers to understand how the characteristics of particular cities
impact on their performance. These have less application at the
level of city management. Cities are unlikely to have the capacity
to use such tools themselves, but will be interested in the results
of locally relevant studies.

Composite indicators can be grouped in terms of their intended
purpose. Some of these are simple measuring tools that seek to
collect and convey information about cities. Such tools can be
applied as a first step towards monitoring city functioning. The
second set of tools have an explicit transformation intent, seeking
to assist cities to improve. Such tools are more likely to be of use
in identifying city challenges and areas of improvement and they
may suggest ways in which cities can develop.

Indices developed for commercial ends are important for those
cities that are included. These larger cities that are capitals, or
important business centers, may have no choice in whether or not
they participate such rankings, but will need to pay attention to
the effects of publicity surrounding the results. For cities that rank
highly, these indices provide useful marketing opportunities, but
for those less well ranked there is a risk that the indices distort
city priorities in favour of the dimensions and measures of the
rankings. For cities not included in such rankings, the indices may
be useful for benchmarking themselves against other cities.

Composite indices that are developed for academic purposes
are similar to clustering models in that they help researchers and
policy makers to understand the measurement of city
performance in more depth, but they have less application at the
level of city management. Cities are unlikely to have the capacity
to use such tools themselves, but will be interested in the results
of locally relevant studies.

Competition criteria will be of interest only to cities eligible to
participate in such competitions. These are likely to focus cities on
regional goals and priorities as defined by the originators of the
competition. This may be appropriate for the city, depending on
who that is. For governments or regional bodies setting up such
criteria there is a responsibility to ensure that the criteria serve
the best interest of the region.

Measures that define processes for city evaluation could be
particularly useful for cities in that they address the
implementation of city measurement, which can be challenging.
Instead of focusing on what is to be measured, these initiatives
help cites with a process to arrive at measures. These will be
helpful for cities that are seeking to improve and want to
understand their current state, identify improvement strategies
and develop internal capacity.

Finally, the measures that make use of advanced techniques to
understand the relative impact of different interventions on city
performance, will be of great interest to researchers and to policy
makers seeking to understand which interventions should be
supported. They will also be of interest to city management,
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provided that the studies are locally relevant and interpreted
appropriately for cities.

6. CONCLUSIONS

Many different smart city measures have been proposed and many
of these have been implemented. It is time to begin to understand
the nature of these measures and to explore their appropriateness
for different applications. This research has examined the
characteristics of different smart city measures and used these
characteristics to propose a taxonomy of such measures as a
starting point to this work. This taxonomy provides a way to
understand the different city measures that are currently in use,
to distinguish between them and their potential uses for cities.

Fifty-three different tools for measuring smart, sustainable
cities were identified, using a broad and inclusive interpretation
of what constitutes such cities. This taxonomy identified four
types of city measures and twelve sub-types. The sub-types were
characterised differently for each type considering their origins,
nature and goals. This is not ideal, in that the sub-types do not
follow a single overarching criterion. It is hoped that further
research will uncover a more satisfying basis for classification.

This study relied on desktop research using information
available in publications or on web sites to understand the
measures, their goals and purposes and their characteristics. The
information was not uniformly detailed for all the measures.
Further research may reveal mis-classifications in individual
measures and this classification may need to be refined over time.

In particular, classifying the composite indices was not easy,
given the range of characteristics that could have been considered.
Future research needs to examine the methods used to arrive at
the composite measure, the validity of the indices, and the
different data sources in use. For example, few of these indices use
real-time city data in keeping with the smart vision of big data
analytics. Differences in rigour and data sources are likely, in
future, to distinguish the usefulness of the indices and their
appropriate application.

In addition, there are several measures that focus on one or
other dimension of a smart city. Such measures may be able to
engage with specific smart city dimensions in more depth and
with the nuanced understanding that experts in the domain bring.
The relationships between such dimension-specific measures and
overall city measures need further exploration.

Several of the measures constructed and validated in the
academic interesting advanced techniques
[5,6,7,42,86] reveal nuanced understandings of the
relationships between city characteristics and performance. This
information would be of value to cities but these studies need to
be widely replicated in different contexts and with different data
sets to provide applicable results. Presenting the results of this
literature in a digestible format for policy makers and cities will
do much to build our understanding of the success and
development of different kinds of cities.

literature use

and
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