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Abstract

Urban centers have been under a new concept of city. Smart Cities are, in a nutshell,
organized communities that feature high communication technology and conscious
investments in sustainability, providing dynamic and safe environments. This paper
presents a methodology to assess and rank Smart Cities based on a multi-criteria
decision-making process. Methodologies that do not consider a pondered approach
and filter for specific goals are commonly found in the literature, once there is a great
number of criteria involved in these analyses. This work proposes filtering the criteria,
considering each specific evaluation and its objectives. Our methodology is based on
a multi-criteria analysis and uses AHP (Analytic Hierarchy Process) to support the
process of weights definition and MACBAC (Multi-Attributive Border
Approximation Area Comparison) in an application with compensatory
characteristics. Through this study, it is possible to conduct the assessment of Smart
Cities according to its multiple contexts, viz. its location, decision-makers and the
objectives of the analysis. All in all, this research presents novelty related to the
organization of the evaluation in accord to the expected resolution and a pondered
approach with reduced number of criteria, making the analysis very straightforward.
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Introduction

The accelerated urbanization of cities demands a great deal of business interactions, resulting from the increased
production of goods and services that causes disruption in roadway and communication systems. With this, urban
centres have been organizing a new concept of city, called Smart Cities, which basically are organized
communities that feature high communication technology and conscious investments in sustainability, providing
dynamic and safe environments (Lazaroiu and Roscia, 2012), and that improve citizens’ quality of life (Marsal-
Llacuna et al., 2015).

To minimize the arising problems from this growing urbanization, it is necessary for the governments an innovative
management development. The concept of municipal management needs to evolve from administrative to an
innovative community-based management (Bennett et al., 2017).

Smart cities can be seen as a promise for urban sustainability. On the other side, technological aspects cannot
always meet urban challenges concerning the three pillars of sustainability, namely social, environmental and
economic (Yigitcanlar, 2018). Consequently, the way cities are managed evolves over time, with investments on
physical, social and technological infrastructure in order to develop the economy, with social coherence, thus
improving the efficiency of municipal administration (Hollands, 2008).

Urban planning represents a complex system that involves a high capacity to design, plan and thus be able to
choose the best strategies from the vision of smart city planners and decision-makers from a social, economic,
energy and environmental perspective (Mattoni, Nardecchia & Bisegna, 2019).Smart cities are said to be more
creative because the emergence of smart ideas for solving everyday problems that develop knowledge and
innovation in most sectors, also fostering scientific research, culture and economy (Piekas et al., 2018).

In the Smart Cities concept it is important to recognize why cities are considered key elements for the future.
Numerous interpretations suggest that it contains the term “smart” because the intelligence is perceived only when
the system can adapt itself to the users’ needs.

In urban planning, the term “smart city” is often treated as an ideological dimension where “smarter” implies on

strategic directions (Albino, Berardi & Dangelico, 2015; de Carvalho et al., 2021). Among the dimensions of a
smart city, the Organic Integration of various systems such as transportation, energy, education, health, buildings,
physical infrastructure, food, water and public safety is emphasized. The Smart Cities conception is linked to the
need for metropolitan blueprints that center on promoting an orderly occupation, sustainability, and contributing
to smart and creative problems answers. The 17 Sustainable Development Goals (SDGs) establish aspirations to
promote sustainable development worldwide. The 11th objective bournes on making cities inclusive, safe, elastic,
and sustainable, and the most recent Smart Cities conception is grounded on this specific SDG (ONU, 2015; Klopp
and Petretta, 2017; Huovila et al., 2019; Rozhenkova et al., 2019). So, well-succeeded innovations demand specific
requirements as research, development and knowledge (Soares et al, 2020).

These systems are classified according to Lombardi et al, (2012) into: smart economy, smart mobility, smart
environment, smart people, smart life and smart governance. Thus, to assess the level at which smart cities are
positioned, these systems and their classification need to be considered. To analyse these systems, the indicators
that assess services and quality of life are important tools.

For the integration of these systems the standard 1SO 37120:2014, called "Indicators for city services and quality
of life", was created to help city managers to measure the municipal performance on services, quality of life over
time, simplifying city learning from each other; enabling comparisons of performance on a broad scale and sharing
best practices. This international standard was developed using the framework proposed by the Global City
Indicators Facility (WWCD, 2017; Bhada et al., 2009), and determines a set of indicators to guide the evaluation
of cities' services performance and people's quality of life. It contains the definitions and methodologies for the
indicators presented in a holistic view and integrated to the purpose sustainable city development.

The ISO contains over 100 standardized indicators divided in general and support ones. The creation of them aims
to support decision-making. The standard also sets benchmarks for international government service delivery
goals. As guideline, it proposes cities information sharing to consolidate a sustainable planning system. On the
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other hand, information to compose these indicators is not always standardized, which makes it difficult to perform
any kind of evaluation. A possible solution to this context would be to use data normalization or standardization
methods in conjunction with multi-criteria analysis in order to sort cities and detect progress levels in relation to
the Smart City concepts.

In the literature, there are important studies involving the evaluation of smart cities. This theme suggests a multi-
criteria analysis, which may have compensatory or non-compensatory characteristics.

In this sense, Lombardi et al. (2012) developed a model that involves clusters, i.e., categorization of cities
according to their size. The evaluation consisted of the dimensions (criteria): Intelligent Governance (related to
participation); Intelligent Human Capital (related to people); Intelligent Environment (Resource related);
Intelligent Life (related to quality of life); and Intelligent Economy (related competitiveness), relevant for the
structuring and future application of multi-criteria methods that allow the evaluation of smart cities.

Many of these assessments consider a large number of alternatives and criteria. Also, the alternatives (cities) are
commonly compared at the same level, disregarding their size, number of inhabitants, available resources, etc.
Also, when considering several alternatives and criteria, compensation may occur among the criteria, and a larger
alternative (city) with larger infrastructure, number of inhabitants, not necessarily developed as a smart city, may
be considered “better” in relation to the others.

Therefore, when performing these evaluations, it is first necessary to define the objective and how the results will
be evaluated, and whether the alternatives need to be previously categorized, or when the criteria allow ranking
without prior categorization. It is also important to evaluate the proposed objective and identify whether the
assessment may be compensatory or not. This helps determining a method for each application. The problem
globally requires an analysis phase considering the preference structures advocated in the theories of multi-criteria
analysis. There are several multi-criteria methods that could be used (Moura et al, 2020), but each specific problem
will require a different way of assessment and the method that best fits the context.

The importance of ranking cities is in assessing the development potential of a city, being possible to know
particularities and define specific strategies for each of these entities that have different levels of growth and
technological advancement. Thus, as Silva (2017) cites, it is important that each city establish its own urban
development project aimed at people, and that managers make decisions based on the reality of each location.

Decision-making methods in this context enables communication between decision-makers in cities, especially
citizen involvement. The Multi-Criteria Decision Analysis (MCDA) approach is characterized as a set of methods
and analyses aimed at clarifying a problem, where options are evaluated by multiple and conflicting criteria.
(Aragdo et al., 2020; Vincke, 1992).

Multi-criteria decision making is a multi-step process consisting of a set of methods for structuring and formalizing
decision-making processes. MCDA can be considered efficient approach at all decision-making levels and at all
stages of smart city projects. (Hoang et al., 2019).

From this context, this study aims to propose a methodology for evaluating Smart Cities using the multi-criteria
approach, because its methods are indicated for solving complex problems which contain conflicting situations.
Decision analyses is a support for the dialogue among decision-making agents, enabling the manipulation of
uncertainties with subjectivity and provides each potential solution. (Gomes et al, 2002).

Thus, the most in-depth study on urban planning is indispensable for connecting efficiency, quality of life and
environment. This paper is justified by presenting the criteria and sub-criteria, as well as the necessary indicators
to measure smart city initiatives. An application of the methodology was performed to measure the performance
of 10 cities in south Brazil.

Smart Cities: concepts

Since the 21st century, an increasing number of smart city projects have emerged using a variety of methods,
dimensions and typologies to address management policy issues to improve and adapt to the cities of the future.
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Diversification in the conceptualization of a smart city has generated academic studies, central and local
institutions involved in smart projects (Nam and Pardo, 2014).

The definitions of Smart Cities and the environmental, social and economic pillars that make up sustainable
development use a term in Information and Communication Technologies (ICT) as a resource to improve the
quality of life of its inhabitants (Weiss et al., 2013). ICTs present fundamental characteristics with
transformational, disruptive and synergistic impacts on urban systems (Bibri, 2018).

Recent interest in smart cities can be attributed to concern for sustainability and the emergence of new technologies
such as mobile devices, semantic web, cloud computing and Internet of Things (10T), promoting real-world user
interfaces (Bifulco et al., 2015). The ICTs are strongly involved in city governance, where they are used as
resources to improve quality of life, achieve and develop and create a more open and innovative urban context
through multi-stakeholder participation (Bifulco et al., 2015). Table 1 shows the main definitions of smart cities:

Table 1. Definitions of Smart Cities

Authors Definitions

A Smart City acts prospectively on the economy, on people, on governance, on mobility, on
Giffinger et al. (2007) the environment and on life, is based on the intelligent combination of self-determined,
independent and conscious citizen duplication and activities.

Smart Cities are territories with a great capacity for learning and innovation, built by the
Komninos (2011) creativity of its population, knowledge creation institutions and digital communication and
knowledge management infrastructures.

Barrionuevo et al. Being a smart city means using all available technology and resources intelligently and in a
(2012) coordinated way to develop integrated, viable and sustainable urban centres.
Giovannella et al Smart City is an efficient, innovative and proactive attitude, founded on the clever
(2013) combination of talents and practices of self-reliant, autonomous and responsible citizens.
Zanella, Bui & The goal of a smart city is to make better use of public resources by enhancing the quality of
Castellani (2014) services delivered to citizens while reducing the operational costs of public administration.

Capdevila & Zarlenga  The concept of smart city advocates that a city is smart when corroborating the inventiveness
(2015) and creativity of its citizens.

In a city where technology infrastructures monitor mobility, air and water quality, energy use,

Van Zoonen (2016) visitor movement and good neighbourhood feelings.

The term Smart City encompasses an efficient, technologically advanced, sustainable and

Pereir l. (2017 . . L
ereira et al. (2017) socially inclusive city.

Smart city is an integration of technology-mediated infrastructure and services, social learning
Chong et al. (2018) to strengthen human infrastructure, and governance for institutional improvement and citizen
engagement.

Smart City is a broad term for how information and communication technology can help

Gasco-Hernandez . . . . . . L .
improve the efficiency of a city's operations as well as the quality of life of its citizens, while

2018 .
( ) promoting the local economy.

Zhu, Li & Feng The smart city was originally designated because it knows how to deal with various urban
(2019) problems due to its sudden urbanization, such as power shortages, congestion and pollution.

Source: Authors (2022).
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The components of a smart city according to Nam and Pardo (2014) can be classified into three groups: human,
institutional and technological factors. Being the technological factors composed by the physical infrastructures,
intelligent technologies, and digital channels. Institutional factors are politics, government management and
regulations; and the human factors are social capital and human infrastructure.

Thus, it is remarkable that researchers demonstrate similar concerns regarding the efficiency of the governance of
smart cities around the world, making it clear the need to build references that guide actions focused on the
effectiveness of these structures. The highlights in these approaches to the definitions by the authors cited are
natural resources, technology, and people, however, the common term among all definitions is the use of ICT as a
resource to improve the quality of life of its citizens.

The development of concepts included many aspects of urban development from citizen, government, mobility,
and sustainability. That way, the city performance in each of these areas can be evaluated as a strong or weak point
of its competitiveness among different urban regions, with the attracting businesses experience, know-how
citizens, which contribute to the scenario of a city. The results in Table 1 provide an insight into the relationships
between the levels of smart performance city and contribute to the model applied in this work.

Methodology

Information collection was carried out by researching the main indicators on cities and the elaboration of a
questionnaire containing the criteria and sub-criteria according to the concepts presented in the introduction
chapter. The application was performed considering 10 cities in south Brazil. The decision-maker should take
careful attention on how judgments are made and justified, suggesting the use of decision models to support multi-
criteria decision-making (MCDM) (Aragéo et al., 2020; Aragéo et al., 2021; Moura et al. 2020; Mello et al., 2022,
Zola et al., 2020).

The questionnaire was designed to measure the level of importance of each criteria and sub-criteria divided in nine
sections with 15 pairwise evaluations for the criteria and 32 pairwise evaluations for the sub-criteria. The
questionnaire was answered by five researchers working on different smart city initiatives in Brazil, being a Master
in Public Policy and Development; a Entrepreneur and Creator of the Business Internationalization Forum; a
Publicist and Master in Communication; a Consultant and speaker on Smart cities and women's participation in
technology and a PhD in Production Engineering and researcher in the smart city area. It is important to highlight
that in the analysis of the criteria it is crucial to have real decision-makers and that the group of evaluators should
have two or more participants (Pomerol & Barba-Romero, 2012).

In order to measure the importance of criteria and sub-criteria, the AHP multi-criteria method was used (Shimizu,
2006), which is a compensatory method that supports decisions involving multiple criteria. Through the AHP, it
was possible to attribute the relevance of the criteria and sub-criteria according to the context and for the ranking
of the alternatives (10 cities). However, two of the AHP method's merits consist that, within certain limits, the
method can detect and handle the inconsistency of human decision-makers (Saaty & Vargas, 1984, Saaty, 1987,
Harker & Vargas, 1987), and the method accepts a hierarchy of criteria, unlike some methods which require global
comparisons of the alternatives (Vargas, 1990).

The MABAC (Multi-Attributive Border Approximation Area Comparison) method was used because the problem
has a compensatory and comparative character, seeking maximum performances and refutes the minimum ones.
The items developed in the proposed MCDA methodology are presented in Figure 1.
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Figure 1. Proposed MCDA Methodology to Assessment of Smart Cities
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Source: Authors (2022).

To define the criteria (Smart Economy, Smart Citizen, Smart Government, Smart Mobility, Smart Environment
and Smart Life), the European Smart Cities 4.0 (2015) model was used. From the criteria established by the
European model related to the themes of the indicators of the ISO 37120: 2017 and thus can be adapted to these
sub-criteria that represent the reality of the cities analysed. The summary of the criteria considered is presented in
Table 2.
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Table 2. List of 1ISO 37120:2014 Criteria and Themes

DIMENSIONS CRITERIA SUB-CRITERIA
Entrepreneurship

Productivity

Innovative Spirit

Labour market

Smart Economy Economy

Qualification Level
Education

Smart Citizen Participation in Public Life
Participation in Public Life

Diversity
Smart Public and Social Services Social Public Services
Government Governance Government Transparency
Sustainability,  Innovation and  Safety in
Smart ) Transportation
Mobility Innovation ICT Infrastructure Availability
Accessibility
Environmental Protection
Sma_rt Environment Attractiveness of Natural Conditions
Environment Water and Energy Natural Resource Management
Health conditions
Health Public security
Smart Public security Housing Quality
Life Housing Quality Social cohesion
People Cultural Facilities

Tourist Attractions

Source: Adapted from ABNT NBR 1SO 37120: 2014.

The Intelligent Economy dimension encompasses productivity, entrepreneurship, innovation and the labour
market. The Intelligent Citizen dimension is related to the level of qualification offered to the citizen and the
quality of this qualification, as well as citizen participation in the public life of municipalities. The Intelligent
Government dimension is linked to the efficiency of the public services provided, along with transparency channels
of the municipality's actions. The Intelligent Mobility dimension relates to the theme of mobility innovation, which
can be measured by innovative transport initiatives, transport safety, the use of clean vehicle options and by the
level of access of the population to the internet. The Intelligent Environment dimension relates to themes of
environment water and energy, in order to promote environmental protection, and sustainable management of
natural resources. The Intelligent Life dimension encompasses the management of health, public safety, housing
conditions and the quality of life of citizens.

To establish the alternatives evaluated in the application of this methodology, we used the ten cities in southern
Brazil. From the definition of these alternatives, the evaluation process was the individual survey of the indicators
against the criteria and sub-criteria. This method also considered all the individual and opinions of each decision-
maker in the calculations and obtaining the criteria weights.

To assess the difference in conditions between the cities evaluated, 40 indicators were defined. The standard ABNT
NBR ISO 37120:2017 “Sustainable development in communities - indicators for urban service and quality of life”
was used. Table 3 shows the indicators used and the source of information for each indicator.
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INDICATORS

FORMULATION

(Measure unit)

SOURCE

GDP per capita

(Gross Domestic Product)/(Total population)

®)

monetary value

IBGE (2010)

Companies per
100 thousand
inhabitants

(Number of Companies )/(Population/100,000)

Number

IBGE (2010); Couto
(2018)

GDP per active

(Gross Domestic Product)/(Active Workers)

®)

IBGE (2010); Silva

worker monetary value (2017)

Espendrure po ® IPARDES (2016

ca p'ta on Sc'znce (Science and Technology Expenses)/(Total population) IBGE (2010); Silva
pi ! monetary value (2017)

and Technology

Unemployment

DATASUS; Couto

rate DATASUS Index (2018)
Enrolled p Insti £ Devel
Percentage of arana Institute of Development ) IPARDES (2016);
0
School Age Economic and Social Couto (2018
Population
People with
ggumcilt?(t)enhplgrhiz)o (Number of People with Higher Number IBGE (2010); Couto
thousand Education)/(Population/100,000) (2018)
inhabitants
Number of Higher Parana Institute of Development
Education Number IPARDES (2016)
Institutions Economic and Social
Voter Percentage Regional Electoral Court (%) TRE (2016); Silva
(2017)
Sjgﬁz:lage of (Number of Women Elected)/(Number of vacancies in %) TRE (2016); Silva
: Municipal Council) * 100 (2017)
Councillors
Municipal $
Expenditure on . . ®)
(Urbanism Expenses)/(Total population) IPARDES (2016);

Urbanism per
capita

monetary value

Percentage of

(Number of Children Enrolled)/(Number of Nursery

IBGE (2010); Silva

Children Enrolled * (%)

in Day Care Spaces)* 100 (2017)
Government

Transparency Federal Comptroller General Score CGU
Scale
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Firjan Municipal

Development FIRJAN Index FIRJAN
Index
Miles of Bike Path
per 100 thousand ((Miles of Bike Path)/(Population)/100,000 Miles Town hall
Inhabitants
. Number of car IBGE (2010);
Cars per capita Total Population Number DATASUS
Transport Deaths IBGE (2010);
per 100 thousand ((Total Transport Deaths)/Population)/100,000 Number DATASUS; Couto
Inhabitants (2018)
Computers per (Number of Homes with Computers)/(TotalNumber of Number IPARDES (2016);
households Households) Silva (2017)
Internet - )
Computers per (Number of households with internet access)/(Total Number IPARDES (2016);
Number of Households) Silva (2017)
households
Public Transport )
per 100 thousand ((Number users)/Population)/100,000 Number IPARDES (2016);
; Silva (2017)
Inhabitants
ggIUIZi?iZI: Waste (Number of people with waste collection)/(Total %) IBGE (2010);
Population) * 100 0 DATASUS
Percentage
Recycled
Materials (Total Recycled Waste (ton))/(Total Waste Produced %) IBGE (2010);
Recovery (ton)) * 100 0 DATASUS
Percentage
Drinking Water (Number of People with Drinking Water)/(Total Sustainable Cities
Population Population) * 100 (%) Program; Couto
p p (2018)
gz\rzszn;a'?'?e(;:men ¢ (Number of People with Sewage Treatment)/(Total %) DATASUS; Couto
ge Population) * 100 ° (2018)
per capita
Water IBGE (2010);
consumption per (Total water consumption (l/day))/(Total Population) litres/inhab./day DATASUS; Silva
capita (litres/day) (2017)
Water Loss (Vol. Water Provided - Vol. Used)/(Total Vol. IBGE (2(_)10);
o (%) DATASUS; Couto
Percentage Distributed Water) * 100
(2018)
Residential
Electric Energy . IPARDES (2016);
Use per capita kWhfinhab./year Couto (2018)
(kWhlyear)
Electricity Supply (People with Regular Electricity)/(Total Population) IPARDES (.2016);
Reaularit 100 (%) IBGE (2010); Couto
gulartty (2018)
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Annual Average

Atlas Solar do

Solar Energy (>’ Monthly Average Solar Incidence)/12 Average Paran4: Silva (2017)
Average Life Parana Institute of Development IPARDES (2016);
Expectancy at Average Silva (2017
Birth Economic and Social ilva ( )
Hospital Beds per
100 thousand ((Total hospital beds)/Population)/100,000 Number IPARDES (2016)
Inhabitants
. Parana Institute of Development IPARDES (2016);
:n;am Mortality Index IBGE (2010); Couto
naex Economic and Social (2018)
Municipal )
Expenditure on (Municipal Expenses with Public Safety)/(Total ®) IPS; EiEssyggri? '
Public _Securlty Population) monetary value (2018)
per capita
Number of
homicides per 100 L . IBGE (2010);
thousand ((Number of Homicides)/Population)/100,000 Number DATASUS
inhabitants
Percentage of
Population Living (Number of Subnormal Clusters)/(Populagdo Total) * %) IBGE (2010); Couto
in Subnormal 100 0 (2018)
Agglomerates
Demographic . - IBGE (2010); Silva
density Institute of Geography and Statistics Index (2017)
(Number of People Living in Poverty)/(Total .
Poverty rate Population) * 100 Index MPPR; Silva (2017)
Parana Institute of Development .
Cultural Facilities Number IPAéRIDESZ(()Zl(;lG)’
Economic and Social ihva ( )
Parana Institute of Development
?‘“”:P?;"Af i Number IPARDES (2016)
ourism Agencies Economic and Social
Parana Institute of Development
Number of Tour Number IPARDES (2016)

Guides

Economic and Social

Source: Authors (2022).

The Population Census (2010) was adopted as source of data for the cities, as well as the database of municipalities,
municipal reports (IPARDES), Regional Electoral Court, DATASUS, Atlas of Violence, among others. In case of
information existing only in different dates of the reference year, the composition of the indicators was based on
the closest year to 2010. The weights for criteria and sub-criteria make possible to express the degree of importance
of each pre-established criterion. To define the criteria and sub-criteria weights, a questionnaire with an importance
scale of 1 to 5 was used, as shown in Table 4.
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Table 4. Rating Scale

Score Importance Level Description
1/5 Extreme Less-Importance The first criterion is Extremely less important than the second criterion
1/4 Strong Less-Importance The first criterion is Strongly less important than the second criterion
1/3 Medium Less-Importance The first criterion is Medially less important than the second criterion
1/2 Small Less-Importance The first criterion is a little bit less important than the second criterion
1 Same Importance The two criteria have the same level of importance
2 Small Importance The first criterion is a little bit more important than the second criterion
3 Medium Importance The first criterion is Medially more important than the second criterion
4 Strong Importance The first criterion is Strongly more important than the second criterion
5 Extreme Importance The first criterion is Extremely more important than the second criterion

Source: Authors (2022).

From the questionnaire answers, the AHP method was applied. Figure 2 demonstrates the steps of the AHP method.
This method was applied based on the collected data, organized in spreadsheets. After determining the weights for
each criterion, the next step was to rank the alternatives, meeting the necessary conditions of the context studied
in the application, through the MABAC method, as shown in Figure 3.

The MABAC method is a compensatory multi-criteria method that considerers in the normalization process the
distance of borders for ideal and anti-ideal values for criteria. To construct the MABAC decision matrix, cities
were considered as alternatives, represented by variable m and the criteria were parameters n.

Figure 2. Steps for weight definition — AHP method

Construction of the
palrwise
comparison matrix

l

Eigen vector
calculation

|

Normalized
Weights

Source: Authors (2022).

The alternatives are demonstrated in the form A_i=(x_il,x i2,...,x_in ) where, x_ij is the value of indicators i
according to the criteria j (I=1,2,...,m;j = 1,2,...,N) thus the following matrix was obtained, as illustrated:
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The decision matrix was implemented, and then the MABAC method steps were applied as shown in Figure 3,
obtaining the smart cities ranking.

Finally, a sensitivity analysis was performed, which aims to verify the robustness of the results found and to verify
the effects of the criteria weights and the stability of the alternatives in the ranking, i.e., according to Store &
Kangas (2001) the Sensitivity analysis allows an evaluation of the influence of different criteria and weights on
the distribution pattern.

For this purpose, each criterion was analysed considering a liner variation in the weights, where the weight of the
most relevant sub-criterion within each criterion was changed in an increment of 10%, the weights of the other
sub-criteria were recalculated by the proportion of the weights. Weights were reinserted in the MABAC method
to obtain new rankings, as shown in Figure 4.

Figure 3. Steps for ranking definition - MABAC method

Border : C P [ m .
Approximation  ------ > v g > SR 2 (H.)
H el U e 1

Distance to the
Border

Approximation

)
7
~—
o
o

» RANKING OF SMART CITIES /

Source: Authors (2022).
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Figure 4. Steps for Sensitivity Analysis

\/ * Definition of which criteria will vary

+ Calculation of proportional weights for other criteria

*Application of the new weights in the MABAC method

Source: Authors (2022).

For a better understanding the steps performed are described below. Step 1: In this step the criterion (C,,) is defined
and will vary in its weight, i.e., receive new values (W ). Step 2: In this step, the proportional weights (W) for
the other criteria are calculated except for criterion n chosen, through the equation (1):

For a better understanding the steps performed are described below. Step 1: In this step the criterion (C,,) is defined
and will vary in its weight, i.e., receive new values (W ). Step 2: In this step, the proportional weights (W) for
the other criteria are calculated except for criterion n chosen, through the equation (1):

Wnﬁ =(1—Wye) * ((1_BWn

) @

Where W, is the initial weight of criterion n and W is the calculated weight for the chosen criterion. Step 3: In
this step the new weights were applied in the MABAC method giving rise to new rankings.

Application of the methodology

From the questionnaire, it was possible to obtain the average decision matrix for the criteria, thus the determination
of the weights, and the main vector for the criteria from the normalized by the geometric mean of the answers.
After defining the weights of each sub-criterion by the AHP method, it was necessary to normalize them for the
application of the MABAC method, as shown in Table 5 below:
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Table 5. Weight normalization - AHP method

Normalized Weights global

Criteria Sub-criteria Weights i o
Weights criteria
Entrepreneurship 23.72% 3.95%
Smart Productivity 25.32% 4.22%
Economy Innovative Spirit 27.80% 4.63% 16.67%
Labour market 23.16% 3.86%
Qualification Level 32.97% 5.50%
Smart L .
. Participation in Public Life 39.50% 6.58% 16,67%
Citizen
Diversity 27.53% 4.59%
Smart Social Public Services 42.02% 7.00% 16.67%
Government Government Transparency 57.98% 9.66%
Sustainability, Innovation and Safety in Transportation 39.44% 6.57%
16.67%
Smart o
. ICT Infrastructure Availability 26.07% 4.35%
Mobility
Accessibility 34.49% 5.75%
Environmental Protection 27.62% 4.60%
Natural Resource Management 34.02% 5.67%
Smart 16.66%
Environment
Attractiveness of Natural Conditions 38.36% 6.39%
Social cohesion 22.99% 3.83%
Public security 14.52% 2.42%
Smart Cultural Facilities 14.91% 2.49%
Life Tourist Attractions 17.06% 2.85% 16.66%
Health conditions 15.57% 2.60%
Housing Quality 14.95% 2.49%
SUM 100%

Source: Authors (2022).

For the determination of the initial matrix, Table 6, the normalization by the maximum and minimum function was
performed, where the higher value of the criterion is preferable for the indicators classified as benefit and the
lowest value for the indicators classified as cost. Each indicator normalized by the maximum and minimum
function was multiplied by the weight of its respective sub-criterion thus obtaining the weighted matrix. The
determination of the boundary approximation area matrix was calculated by means of the geometric mean. Thus,
the initial matrix was determined and the normalization by the maximum and minimum function was performed,
where the highest criterion value is preferable for the indicators classified as benefit and the lowest value for the
indicators classified as cost.

From the determination of the initial matrix, the normalization by the maximum and minimum function was
performed, where the highest criterion value is preferable for the indicators classified as benefit and the lowest
value for the indicators classified as cost. Normalization by the maximum and minimum function allowed the
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identification of the preferable value for each sub-criterion according to the classification. Each indicator
normalized by the maximum and minimum function was multiplied by the weight of its respective sub-criterion
thus obtaining the weighted matrix. The determination of the boundary approach area matrix was calculated using
the geometric mean, where the selection of the indicator value is made from the offered alternatives. To determine
the matrix (Q), Tables 6 and 7, we calculated the distance from the value of each alternative to the value of the
boundary approximation area of each indicator.

Table 6. Matrix to the MABAC method application (1/2)
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Table 7. Matrix to the MABAC method application (Continuation — 2/2)
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Table 9. Distances by MABAC method (continuation — 2/2)
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Results and analyses

The alternatives selected as the best set belong to the area located at the top of the border, i.e., the near-ideal
alternative, while the alternatives located at the bottom of the border are close to the anti-ideal. By calculating the
sum of the distances of each alternative, it was possible to identify in which area each alternative is located. By
calculating the sum of the distances of each alternative, it is possible to identify in which area each alternative is
located, as shown in Table 10.

Table 10. Summary of the Distances to the ideal areas

Sum of distances
Alternatives
to the ideal area

City-1 0,35
City-2 0,16
City-3 -0,11
City-4 0,01
City-5 0,01
City-6 -0,14
City-7 0,23
City-8 -0,11
City-9 0,19
City-10 007

Source: MABAC method application, (2019).
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For a better visualization, Chart 1 was obtained from the summation values of the area distances of each alternative.

Chart 1. Border approximation of alternatives

Representation of the Areas of Approximation

. 0,07 City- 10

ty-4: 001 o e 0.01City-5 Border Approximation Area (G)

Source: MABAC method application, (2019).

The cities that configure as ideal alternatives were: City-1, City-2, City-7, City-9 and City-10. The alternatives
City-4 and City-5 were located near the border of the approach area; the alternatives City-3, City-6 and City-8
were configured as anti-ideal alternatives. The World Council on City Data (WCCD) and the Global Cities
Registry created the first certification system based on 1SO 37120 and these indicators help to identify how the
city is and in which indicators it should improve to obtain certification. The ranking of the alternatives was
determined by the order function in an increasing way and thus it was possible to identify the results of the proposed
model, as can be seen in Table 11:

Table 11. Ranking of methodology proposed

Ranking
Smart Cities
Proposed Methodology

City-1 1
City-7 2
City-9 3
City-2 4
City-10 5
City-4a 6
City-5 7
City-8 8
City-3 9
City-6 10

Source: Authors (2022).
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The proposed model initially used 40 indicators divided into 6 smart city global criteria, according to the European
4.0 model (these subdivided into 21 sub-criteria). The use of indicators helps cities to set goals and monitor their
performance over time, and some of These indicators were standardized by 1SO 37120:2018. A sensitivity analysis
was performed, where the weights were varied for every global criterion with an increasing of 10% in each step,
as presented in Chart 2, using criterion 1 as an example. This procedure was performed for all criteria and analysed
in a global way. The purpose was to recognize the position changing of each city, derivate from the weights
redistribution. The graphics of the others global criteria were not shown, because they presented the same
behaviour of the Chart 2.

It was possible to conclude in this analysis that the changing of positions for all criteria has always been configured
after a little increase in the weights. In this case (Chart 2), the final positions of the ranking of the alternatives were
configured after the first change of weights.

The sensitivity analysis follows to observe how the weights impact the final ranking in each criterion separately.
Thus, in our analysis was possible to conclude that the global criteria (initially with equal weights) were aligned
to the final ranking.

Chart 2. Sensitivity Analysis for Global Criterion 1
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Source: Authors (2022).

Important to highlight, the Decree No. 9,854/2019 instituted the National Plan for the Internet of Things and
established the creation of thematic 10T chambers, which the Chamber of Cities 4.0 is part of. To this end, a
national strategy for the development of smart and sustainable cities in Brazil was structured (Ministério De
Desenvolvimento Regional, 2020). In 2020, the maturity level of cities was evaluated, considering planning,
alignment, development, integration, and optimization indicators (MCTI, 2020). For cities that do not have such
indicators, there is a view of the need to build them and identify the maturity level of intelligence of cities, creating
strategies to cities smart. This methodology meets this demand, assisting in the development and use of such
indicators, allowing cities to self-assess.
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Discussion of analysis

This study provided ranking results to 10 cities according to their smart performance. In addition, the comparison
of classification according to the intelligent performance in relation to the classification of another ranking brought
as main benefits the results of the research to the literature a new approach classification of the analyzed cities.

Thus, the results highlight the determination of competitive advantages of observed urban areas and the
identification of problems for future development strategies. This type of research can be used to provide
information on governance and models of success and local economic growth, explore environmental
performance, and the role of citizens as an object to aim for a smarter city.

The analysis regarding the level of indicators of a smart economy which were evaluated by the sub-criteria of
entrepreneurship, productivity, innovation, and labor market presents a relevant meaning for a smart city and
deserves attention. That way, it is understandable from the point of view of citizens who appreciate urban life from
the perspective of the lifestyle in context intelligent. And, the important aspects of urban quality are seen through
the availability of employment, achievement of financial goals, and comfort in family life, which influence the
proposed model.

According to the results concerning the determination of the importance of the dimensions evaluated as intelligent
in the model, the most important group of criteria was the intelligent citizen. This result is closely linked to data
on the most important topics in cities, showing the importance of people in building a city. In addition to intelligent
government as the second criterion for the classification of a smart city, it shows that leaders who are responsible
for decisions that contribute to the structural and dynamic development of the urban environment are characterized
by greater transparency with the population.

In the sequence mobility, environment, economy, and intelligent life, in this order of importance criteria, indicate
that the success of the urban development process is based on the solution of problems, transport problems, and
economic development, while paying attention to the ecological and social characteristics of urban areas. Thus,
the ranking results show the cities that present the greatest number of local development strategies and focus on
fighting unemployment and economic empowerment of the population.

Conclusions

This paper presented the proposal of a multi-criteria method application model that allowed evaluating a smart
city. In the presentation of this model, 40 indicators were used as reference, included in 6 criteria of (1) Smart
Economy, (2) Smart Citizen, (3) Smart Government, (4) Smart Mobility, (5) Smart Environment and, (6) Smart
Life, based on the standard ISO 37120: 2017 “Sustainable development in communities - indicators for urban
services and quality of life. Through the model, it was possible to evaluate 10 cities of south of Brazil, which
allows answering the initial question.

Different mathematical approaches were used in the study of this research in order to compare and classify cities
from the analyzed indicators, which covered different parameters from public life, government transparency,
environmental aspects, security and urban transport, natural attractiveness, innovative spirit and health in cities.

In the general context, it is concluded that a new classification of the smart cities ranking showed that for a smart
economy it is important to focus on productivity, entrepreneurship, innovation, and the labor market. For the
criterion of the intelligent citizen to have as a relation the level of qualification offered to the citizen and the quality
of the same, like the participation of the citizen in the public life.

In the smart government criterion group, it is connected to the efficiency of public services provided, in addition
to the existence of transparency channels with the population. The smart mobility criterion group relates to
innovation, which can be measured from innovative transport initiatives, transport safety. The intelligent
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environment analyzes the sustainable management of natural resources. And, for intelligent life focus on the
management of public health and safety to the lives of citizens.

From the methodological point of view, the contribution of the article can be seen in the formulation of a new
classifying cities model, which respects the specificities and characteristics of urban development. Multi-criteria
analysis and linear programming are relevant tools for evaluating the planning and development of urban and
environmental strategies since the last century (Stankovi¢, 2017) and the model developed in this article presents
an innovative approach.

It is believed that the main advantage of the proposed model is the attribution of weights for each sub-criterion, as
these represent the opinion of people linked to the subject area of study. Another advantage is the recognizing of
each context to obtain a response in ranking of smart cities by assigning weights to sub-criteria and identification
of the areas that need the most investment of resources for their development, making municipal management
more efficient.

The main limitation of the study was in relation to the indicators, as there is difficulty in accessing data in the
researched databases. Another limitation point for the application was the outdating of some data, since the last
census conducted by IBGE (Brazil), the main database used, was conducted in 2010, which made it difficult to
represent the current reality.

As a suggestion for future work, it is recommended that the questionnaire be applied to a larger sample of decision-
makers, and that they are directly inserted in the construction of an intelligent city. Another suggestion is to apply
the proposed model for the next more recent census, as the data will better reflect the reality of the results.

References

Albino, V., Berardi, U., Dangelico, R. M. (2015). Smart Cities: Definitions, Dimensions, Performance, and
Initiatives. Journal Of Urban Technology, 22(1), 3-21. https://doi.org/10.1080/10630732.2014.942092.

Alvarez-Garcia, J., Del Rio-Rama, M. de la C., Vazquez-Huerta, G., Rueda-Armengot, C. (2017). Sustainable
Smart Cities - theory. Sustainable Smart Cities, (September), 1-14. https://doi.org/10.1007/978-3-319-40895-8.

Aragdo, F. V., P. F. d. O. Gomes, D. d. G. Chiroli, F. C. Zola, E. d. F. Rocha Loures, E. A. P. Santos, and J. C.
Colmenero. (2021). Projects Aimed at Smart Cities: A Hybrid MCDA Evaluation Approach. Technology Analysis
& Strategic Management, 33, 1-13.

Aragdo, F. V., Zola, F. C., Marinho, L. H. N., de Genaro Chiroli, D. M., Junior, A. B., & Colmenero, J. C. (2020).
Choice of unmanned aerial vehicles for identification of mosquito breeding sites. Geospatial Health, 15(1).

Barrionuevo, J. M., Berrong, P., & Ricart Costa, J. E. (2012). Smart Cities, Sustainable Progress: Opportunities
for Urban Development. IESE Insight, 14, 50-57. https://doi.org/10.15581/002.art-2152.

Bennett, D., Pérez-Bustamante, D. & Medrano, M. (2017). Challenges for Smart Cities in the UK. Sustainable
Smart Cities. Innovation, Technology, and Knowledge Management. https://doi.org/10.1007/978-3-319-40895-
8 1.

Bhada, P., Dan.H. (2009). The Global City Indicators Program: A More Credible Voice for Cities. Directions in
Urban Development. Washington, DC: World Bank.

Bibri, S. E. (2018). A foundational framework for smart sustainable city development: Theoretical, disciplinary,
and discursive dimensions and their synergies. Sustainable Cities and Society, 38, 758-794.
https://doi.org/10.1016/j.5¢s.2017.12.032.

176


https://doi.org/10.1080/10630732.2014.942092
https://doi.org/10.1007/978-3-319-40895-8
https://doi.org/10.15581/002.art-2152
https://doi.org/10.1007/978-3-319-40895-8_1
https://doi.org/10.1007/978-3-319-40895-8_1
https://doi.org/10.1016/j.scs.2017.12.032

Daiane Chiroli et al Cidades, Comunidades e Territérios, 44 (2022)

Bifulco F., Tregua, M., Amitrano, C.C., D’Auria, A. (2015). ICT and sustainability in smart cities management,
International Journal of Public Sector Management, 29, (2), 132-147. http://dx.doi.org/10.1108/1JPSM-07-2015-
0132.

Carvalho, F. S. de, Franca Bail, R. de, Pagani, R. N., Pilatti, L. A., Kovaleski, J. L., & de Genaro Chiroli, D. M.
Urban Mobility in Smart Cities: a case study in the city of Curitiba. International Journal of Development
Research, 11(06), 48151-48157.

Capdevila, 1., & Zarlenga, M. I. (2015). Smart city or smart citizens? The Barcelona case. Journal of Strategy and
Management, 8(3), 266—282. https://doi.org/10.1108/jsma-03-2015-0030.

Chong, M., Habib, A., Evangelopoulos, N., & Park, H. W. (2018). Dynamic capabilities of a smart city: An
innovative approach to discovering urban problems and solutions. Government Information Quarterly.
https://doi.org/10.1016/j.9iq.2018.07.005.

Gasco-Hernandez, M. (2018). Building a Smart City: Lessons from Barcelona. Communications of the ACM, 61
(4), 50-57.

Giffinger, R., C., et al. (2007). Smart cities: Ranking of European medium-sized cities. http://www.smart-
cities.eu/download/smart_cities_final_report.pdf.

Giovannella, C., losue, A., Moggio, F., Rinaldi, E., & Schiattarella, M. (2013). User Experience of Kinect Based
Applications for Smart City Scenarios Integrating Tourism and Learning. IEEE 13th International Conference on
Advanced Learning Technologies. https://doi.org/10.1109/icalt.2013.142.

Gomes, L. F. A. M., et al. (2002). Tomada de Decisdo Gerencial: enfoque multicritério, Sdo Paulo, Atlas.

Harker, P. T., Vargas, L. G. (1987). The theory of ratio scale estimation: Saaty’s analytic hierarchy process.
Management Science, 33(11), 1383-1403.

Hoang, G., Dupont, L., & Camargo, M. (2019). Application of Decision-Making Methods in Smart City Projects:
A Systematic Literature Review. Smart Cities, 2(3), 433-452. https://doi.org/10.3390/smartcities2030027.

Hollands, R. G. (2008). Will the real smart city please stand up? Intelligent, progressive or entrepreneurial?. City,
12(3), 303-320. https://doi.org/10.1080/13604810802479126.

Huovila, A., Bosch, P., & Airaksinen, M. (2019). Comparative analysis of standardized indicators for Smart
sustainable cities: What indicators and standards to use and when?. Cities, 89, 141-153.

IPARDES, Parana Institute of Economic and Social Development. (2019). Statistical Book-let: Municipalities of
the state of Parana.

ISO - International Organization for Standardization. ISO 37120 (2014). Sustainable development of communities:
indicators for city services and quality of life. Genebra.

ISO - International Organization for Standardization. 1ISO 37120 (2018). ISO 37120: Sustain-able cities and
communities — Indicators for city services and quality of life. Genebra.

Klopp, J. M., & Petretta, D. L. (2017). The urban sustainable development goal: Indicators, complexity and the
politics of measuring cities. Cities, 63, 92-97.

Komninos, N. (2009). Intelligent cities: towards interactive and global innovation environments. International
Journal of Innovation and Regional Development, 1(4), 337. https://doi.org/10.1504/ijird.2009.022726.

Lazaroiu, G. C., & Roscia, M. (2012). Definition methodology for the smart cities model. Energy, 47(1), 326-332.
https://doi.org/10.1016/j.energy.2012.09.028.

177


http://dx.doi.org/10.1108/IJPSM-07-2015-0132
http://dx.doi.org/10.1108/IJPSM-07-2015-0132
https://doi.org/10.1108/jsma-03-2015-0030
https://doi.org/10.1016/j.giq.2018.07.005
http://www.smart-cities.eu/download/smart_cities_final_report.pdf
http://www.smart-cities.eu/download/smart_cities_final_report.pdf
https://doi.org/10.1109/icalt.2013.142
https://doi.org/10.3390/smartcities2030027
https://doi.org/10.1080/13604810802479126
https://doi.org/10.1504/ijird.2009.022726
https://doi.org/10.1016/j.energy.2012.09.028

Daiane Chiroli et al Cidades, Comunidades e Territérios, 44 (2022)

Lombardi, P., Giordano, S., Farouh, H., & Yousef, W. (2012). Modelling the smart city performance. Innovation,
25(2), 137-149. https://doi.org/10.1080/13511610.2012.660325.

Marsal-Llacuna, M. L., Colomer-Llinas, J., & Meléndez-Frigola, J. (2015). Lessons in urban monitoring taken
from sustainable and livable cities to better address the Smart Cities initiative. Technological Forecasting and
Social Change, 90(PB), 611-622. https://doi.org/10.1016/j.techfore.2014.01.012.

Mattoni, B., Nardecchia, F., & Bisegna, F. (2019). Towards the development of a smart district: The application
of an holistic  planning  approach.  Sustainable  Cities and  Society, 48, 101570.
https://doi.org/10.1016/j.s¢s.2019.101570.

MCTI - Ministério da Ciéncia, Tecnologia e Inovagdes. (2020). CTI/MCTI prepara diagnostico do estagio dos
municipios brasileiros na transicdo para Cidades inteligentes. https://www.gov.br/mcti/pt-br/acompanhe-o-
mcti/noticias/2020/10/cti-mcti-prepara-diagnostico-do-estagio-dos-municipios-brasileiros-na-transicao-para-
cidades-inteligentes.

Mello, V. G., Kovaleski, J. L., Zola, F. C., Lima Junior, F. R., Aragdo, F. V., Chiroli, D. M. G. (2022) Proposal of
a Fuzzy-QFD model for startup selection. Technology Analysis & Strategic Management,
https://doi.org/10.1080/09537325.2022.2046725.

Ministério do  Desenvolvimento  Regional (2020). Carta brasileira para cidades inteligentes. 2020.
https://www.gov.br/mdr/pt-br/assuntos/desenvolvimento-regional/projeto-andus/carta-brasileira-para-cidades-

inteligentes.

Moura, E. H., Rocha e Cruz, T. B., De Genaro Chiroli, D. M. (2020). A framework proposal to integrate
humanitarian logistics practices, disaster management and disaster mutual assistance: A Brazilian case. Safety
Science, 132, (December), 104965.

MPPR, Parana Public Ministry (2018). MPPR website. http://www.mppr.mp.br/

Nam, T., & Pardo, T. A. (2014). The changing face of a city government: A case study of Philly311. Government
Information Quarterly, 31(suppl.1). https://doi.org/10.1016/j.9iq.2014.01.002.

Pamucar, D., Cirovic, G. (2016). The selection of transport and handling resources in logistics centers using Multi-
Attributive Border Approximation area Comparison (MABAC). Expert Systems with Applications, 42, 3016-3028.
https://doi.org/10.1016/j.eswa.2014.11.057.

Pereira, G. V., Bernardes, M. B., Bernardini, F., Cappelli, C., & Gomyde, A. (2017). Building a Reference Model
and an Evaluation Method for cities of the Brazilian Network of Smart and Human Cities. Proceedings of the 18th
Annual International Conference on Digital Government Research - Do. 17.
https://doi.org/10.1145/3085228.3085257.

Piekas, A. A. S., Bernardy, R. J., Sehnem, S., & Fabris, J. (2018). Legal aspects and perceptions about strategies
for smart and creative cities: a study of the city of Chapeco6 (SC). Urbe. Revista Brasileira de Gestdo Urbana,
10(suppl. 1), 197-211. https://doi.org/10.1590/2175-3369.010.supll.a011l.

Pomerol, J.-C., and S. Barba-Romero. (2012). Multicriterion Decision in Management: Principles and Practice,
25. Boston, MA: Springer Science & Business Media.

Rozhenkova, V., Allmang, S., Ly, S., Franken, D., & Heymann, J. (2019). The role of comparative city policy data
in assessing progress toward the urban SDG targets. Cities, 95(489), 102357.

Saaty, T. L., Vargas, L. G. (1984). The legitimacy of rank reversal. OMEGA, 12(5), 513-516.

Shimizu, T (2006). Decision in Organizations. 2" edition. Sdo Paulo, Atlas.

178


https://doi.org/10.1080/13511610.2012.660325
https://doi.org/10.1016/j.techfore.2014.01.012
https://doi.org/10.1016/j.scs.2019.101570
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2020/10/cti-mcti-prepara-diagnostico-do-estagio-dos-municipios-brasileiros-na-transicao-para-cidades-inteligentes
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2020/10/cti-mcti-prepara-diagnostico-do-estagio-dos-municipios-brasileiros-na-transicao-para-cidades-inteligentes
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2020/10/cti-mcti-prepara-diagnostico-do-estagio-dos-municipios-brasileiros-na-transicao-para-cidades-inteligentes
https://doi.org/10.1080/09537325.2022.2046725
https://www.gov.br/mdr/pt-br/assuntos/desenvolvimento-regional/projeto-andus/carta-brasileira-para-cidades-inteligentes
https://www.gov.br/mdr/pt-br/assuntos/desenvolvimento-regional/projeto-andus/carta-brasileira-para-cidades-inteligentes
http://www.mppr.mp.br/
https://doi.org/10.1016/j.giq.2014.01.002
https://doi.org/10.1016/j.eswa.2014.11.057
https://doi.org/10.1145/3085228.3085257
https://doi.org/10.1590/2175-3369.010.supl1.ao11

Daiane Chiroli et al Cidades, Comunidades e Territérios, 44 (2022)

Silva, A. (2017). Smart Cities: Proposition of a Multicriteria Analysis Model to verify the Performance of Brazilian
Cities. Universidade de Brasilia, Brasilia.

Soares, A.M., Kovaleski, J.L., Gaia, S., Chiroli, D.G. (2020). Building Sustainable Development through
Technology Transfer Offices: An Approach Based on Levels of Maturity. Sustainability 12(5), 1795.
https://doi.org/10.3390/su12051795.

Stankovi¢, J., Dzuni¢, M., Dzuni¢, Z., & Marinkovié, S. (2017). A multi-criteria evaluation of the European cities’
smart performance: Economic, social and environmental aspects. Zbornik radova Ekonomskog fakulteta u Rijeci:
Casopis za ekonomsku teoriju i praksu, 35(2), 519-550.

Store, R., & Kangas, J. (2001). Integrating spatial multi-criteria evaluation and expert knowledge for GIS-based
habitat suitability modelling. Landscape and Urban Planning, 55(2), 79-93. https://doi.org/10.1016/s0169-

2046(01)00120-7.

United Nations. (2015). Transforming our world: The 2030 agenda for sustainable development. General
Assembley 70 session.

Van Zoonen, L. (2016). Privacy concerns in smart cities. Government Information Quarterly, 33(3), 472-480.
https://doi.org/10.1016/j.9ig.2016.06.004.

Vargas, L. G. (1990). Overview of the analytic hierarchy process and its applications. European Journal of
Operational Research, 48, 2-8.

Vincke, P. (1992). Multicriteria Decision-aid. England: John Wiley & Sons.

Weingart, L. R., Thompson, L. L., Bazerman, M. H., & Carroll, J. S. (2006). ICT and sustainability in smart cities
management. International Journal of Conflict Management, 1(1), 7-31.

Weiss, M. C., Tealde, E., Weiss, M. C., Thesis, M., Studies, G., Semester, S., ... Berg, M. (2013). Smart cities as
a new practice for managing urban services and infrastructure. Revista Brasileira de Gestdo Urbana,
7(September), 310-324.

WWCD, World Council on City Open Data Portal (2017). WCCODP website. http://open.dataforcities.org/.

Yigitcanlar, T., Kamruzzaman, M., Foth, M., Sabatini, J., da Costa, E., & loppolo, G. (2018). Can cities become
smart without being sustainable? A systematic review of the literature. Sustainable Cities and Society.
https://doi.org/10.1016/j.5¢s.2018.11.033.

Zanella, A., Bui, N., Castellani, A., Vangelista, L., & Zorzi, M. (2014). Internet of Things for Smart Cities. IEEE
Internet of Things Journal, 1(1), 22-32. https://doi.org/10.1109/jiot.2014.2306328.

Zhu, S., Li, D., & Feng, H. (2019). Is smart city resilient? Evidence from China. Sustainable Cities and Society,
101636. https://doi.org/10.1016/j.5¢s.2019.101636.

Zola, F. C.,J. C. Colmenero, F. V. Aragéo, T. Rodrigues, and A. B. Junior. 2020. Multicriterial Model for Selecting
a Charcoal Kiln. Energy, 190. 116-377.

179


https://doi.org/10.3390/su12051795
https://doi.org/10.1016/s0169-2046(01)00120-7
https://doi.org/10.1016/s0169-2046(01)00120-7
https://doi.org/10.1016/j.giq.2016.06.004
http://open.dataforcities.org/
https://doi.org/10.1016/j.scs.2018.11.033
https://doi.org/10.1109/jiot.2014.2306328
https://doi.org/10.1016/j.scs.2019.101636

