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Abstract. Smart Cities are city concepts that aim to optimize the infrastructure, 
services and quality of life of cities using information and communication tech-
nologies and the internet of things. Smart cities aim to create more sustainable, 
efficient and livable cities by integrating technology in areas such as energy, 
transportation, water management, public services and security. Smart cities will 
continue to be one of the cornerstones of urbanization in the future, in line with 
the aims of improving sustainability, efficiency and quality of life. International 
Institute for Management Development (IMD) provides smart city index at each 
year. The IMD Smart City Index (SCI) evaluates citizens' opinions about the 
structure and technology applications. The final score for each city is calculated 
employing the perceptions of the last three year, with the weight of 3:2:1. The 
objective of this study is to provide an alternative performance ranking method 
for smart cities. Data envelopment analysis method is used and the performances 
of each country is determined considering structure and technology pillars and 
the results are analyzed. 

Keywords: Data envelopment analysis, Smart city, Structure pillar, Technology 
pillar 

1 Introduction 

There is a consensus among researchers that the first urban civilization referred to as a 
"city" emerged during 3500–3000 BC with the Sumerians. However, the meaning of 
the term has undergone significant changes throughout history, particularly with ad-
vancements in technology in the modern era [1]. The Industrial Revolution, which be-
gan in the second half of the 18th century with the adaptation of the steam engine for 
industrial production, profoundly impacted daily life. During this period, the growth of 
cities started to accelerate in ways not seen in previous eras. The replacement of manual 
labor with machine power led to the establishment of factories, and the construction of 
railroads improved transportation opportunities. People in rural areas, primarily en-
gaged in agriculture and livestock, migrated from villages to cities to work in factories, 
leading to the emergence of large urban centers. The Industrial Revolution, which be-
gan in England, gradually spread to Western Europe and North America, eventually 
reaching the entire world. Today, cities around the globe play a significant role in the 



2 

global economy as centers of both production and consumption, contributing a substan-
tial portion to the world's GDP [2].  

Migration from rural areas to cities continues due to expectations such as improving 
living standards, access to better education, securing more job opportunities and easier 
access to health services. Over the past 50 years, while the global population has grown 
at an average annual rate of 1.2%, the proportion of people living in cities has steadily 
increased. Driven by the desire for a better standard of living, the growth of urban pop-
ulations has accelerated with globalization. In 2007, for the first time in history, the 
number of people living in cities surpassed those residing in rural areas. Between 1950 
and 2010, the population of small cities increased by 1.3 billion, while the population 
of medium-sized cities grew by 632 million, and large cities saw an increase of 570 
million. The United Nations Population Division predicts that the urbanization rate will 
continue to rise in the near future, reaching 67% by 2050 According to the UN’s World 
Economic and Social Survey, in the coming years, 80% of the global urban population 
will reside in developing countries [3]. 

Since 1960, the World Bank has published data on the urbanization rates of countries 
in the World Development Indicators. In 1960, 33.6% of the global population lived in 
cities; by 2023, this proportion had risen to 57.4%. During the same period, the urban-
ization rate in low-income countries increased from 13.5% to 35.1%, while in high-
income countries, it rose from 61.4% to 81.2%. When comparing changes in urbaniza-
tion rates by income groups over the past 60 years, it is evident that the increase in 
urbanization has been greater in upper-middle-income countries [4]. 

This significant increase in urbanization poses serious challenges in the allocation 
and utilization of the already limited resources on Earth. As migration from rural to 
urban areas intensifies and cities expand, energy and water consumption rise, air quality 
deteriorates, and the demand for essential services such as sanitation, infrastructure, 
and transportation grows. Addressing the challenges posed by the growing urban pop-
ulation while ensuring a better quality of life for citizens has become the responsibility 
of local and national governments. At this point, smart city initiatives play a crucial 
role. 

Public leaders, through proper planning and investment, can transform cities into 
more livable, more workable, and more sustainable spaces both economically and en-
vironmentally. According to Selvaraj et al. [5], enhanced quality of life refers to provid-
ing better living conditions for urban residents. In smart cities, individuals can achieve 
a lifestyle that is more comfortable, clean, inclusive, healthy, and safe. Among the most 
valued features are affordable energy, efficient public transportation, quality schools, 
responsive emergency systems, clean air and water, low crime rates, and access to di-
verse entertainment and cultural opportunities. 

As stated by Juan et al. [6], improving the quality of work signifies accelerated eco-
nomic development. In other words, it translates to more job opportunities, better em-
ployment conditions, and an increased Gross Domestic Product (GDP). People can ac-
cess vital infrastructural services in smart cities, allowing them to participate in the 
global economy. Broadband connectivity, inexpensive and sustainable energy, educa-
tional possibilities, reasonably priced housing, and effective transportation are some of 
these services. 

According to Celis et al. [7], improved sustainability ensures access to resources 
without compromising the ability of future generations to meet their needs. Smart cities 
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promote the efficient use of natural, human, and financial resources while encouraging 
cost savings. The objective is not to make substantial financial investments in new in-
frastructure but to ensure the long-term functionality of the infrastructure with lower 
costs. 

Each city possesses a distinct level of maturity in the realm of smart cities. In this 
context, academics, researchers, various organizations, and governments have devel-
oped diverse models and indices to assess and rank smart cities effectively. Indices 
developed by academics can be found in the literature. The researches performed on 
smart city ranking are examined from WoS database utilizing science mapping to un-
derstand the scientific orientation of the related articles. Figure 1 illustrates this analy-
sis. 

 

Fig. 1. Co-occurrence overlay visualization based on author keywords of researches on smart 
city ranking 

Pandey et al. [8] proposed a groundwater quality assessment index consisting of 15 
parameters. A statistical analysis has been conducted for 12 different areas in Allaha-
bad, India. Visvizi et al. [9] developed a model comprising 18 components to concep-
tualize walking and  walkability in smart cities. Some of the components are as follows; 
presence of sidewalk, appropriate width of sidewalk for pedestrians, presence of street 
furniture, material used for sidewalk etc. Sharma et al. [10] utilized machine learning 
techniques for predicting air quality in smart cities, focusing on cities such as; Delhi, 
Mumbai, Gurugram, Lucknow and Ahmedabad. They proposed an air quality index 
consisting of 13 parameters. Pangsy-Kania and Kania [11] examined the relationship 
among smart city and quality of life. They analyzed the smart city ranking indexes in 
the literature and tried to find the best performing ranking. 

An essential instrument for assessing and comparing cities' attempts to implement 
sustainable, technologically advanced, and citizen-centric solutions is the Smart City 
Ranking Index. The index offers a comprehensive picture of the advancement of urban 
development by evaluating important aspects like governance, mobility, environment, 
economy, and quality of life. 
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This ranking approach provides policymakers and stakeholders with a roadmap for 
prioritizing interventions by highlighting both leading cities and areas for improvement. 
Additionally, it encourages healthy rivalry between cities, which promotes innovation 
and cooperation in tackling urban problems like resource management, pollution, and 
traffic congestion. 

As the concept of smart cities evolves, the ranking index must adapt by incorporating 
emerging technologies, global sustainability goals, and diverse citizen perspectives. In 
doing so, it will remain a critical benchmark for building resilient, inclusive, and effi-
cient urban ecosystems worldwide. 

International Institute for Management Development (IMD) provides smart city in-
dex at each year [12]. The IMD Smart City Index (SCI) 2024 evaluates citizens' opin-
ions about the structure and technology applications that are available to them in each 
city. Citizens' opinions are sought on two pillars: the Structures pillar, which refers to 
the cities' current infrastructure, and the Technology pillar, which describes the techno-
logical services and amenities that the citizens can access. Each pillar is evaluated via 
five key aspects as health and safety, mobility, activities, opportunities, and governance 
[12]. The SCI ranks the cities based on the opinions of 120 locals. The final score for 
each city is calculated employing the perceptions of the last three year, with the weight 
of 3:2:1 for 2023:2023:2021. This study aims to calculate the smart city performances 
of countries employing analytical method. For this purpose, data envelopment analysis 
(DEA) is employed and the performances of each country is evaluated for each pillar. 
The results are compared with the results of IMD SCI 2024. 

The rest of the study is as follows. Section 2 explains data envelopment analysis. 
Section 4 illustrates the smart city performance evaluation. Conclusions are provide at 
the last Section. 

2 Data Envelopment Analysis 

Data Envelopment Analysis (DEA) is a linear programming method used to evaluate 
the performance of a specific decision making unit (DMU). It is developed by Charnes, 
Cooper and Rhodes in 1978 [13]. This model was introduced for the first time in an 
article and entered the literature as the CCR Model (Charnes-Cooper-Rhodes Model). 
CCR model maximizes the ratio of the total weighted outputs to the total weighted 
inputs of the decision making units (DMUs) to calculate their relative efficiency scores. 
DEA is most often used for efficiency measurement and is particularly suitable for 
benchmarking between businesses, public institutions and other organizations. 

CCR model dichotomizes the DMUs as efficient or inefficient, thus it assigns 1 as 
efficiency score to the efficient DMUs, however it considers inefficient the DMUs pos-
sessing efficiency scores less than one. Hence, CCR model provides neither a powerful 
discrimination among the DMUs nor the realistic weight distribution. Throughout the 
literature, researchers have proposed several approaches that aim to increase the power 
of discrimination as well as provide the realistic weight dispersion of CCR model. 

Toloo [14] contributed to the common weight multi-criteria decision making DEA 
by proposing a novel mixed integer programming model with enough discriminating 
power to determine the best efficient DMU with no explicit inputs. Toloo’s model min-
imizes the maximum deviation from efficiency and it is applied to 40 professional 
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tennis players problem. First, Equation 1 is introduced for indicating the maximum 
value assigned to the non-Archimedean infinitesimal 𝜀. 
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Then, the following model is developed for providing full ranking of decision mak-

ing units (DMUs) 
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where M is a sufficiently large positive number, and 𝜃- is a binary variable. The model 
has an improved discriminating power. Furthermore, the model guarantees to determine 
the single best efficient DMU and  the model is appropriate to handle dummy input and 
multiple outputs. 
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3 Smart City Performance Evaluation of Countries Employing 
Data Envelopment Analysis 

This study evaluates the smart city performances of top 15 cities according to IMD 
smart city index 2024 [12]. The evaluation criteria are determined as health and safety, 
mobility, activities, opportunities, and governance and the performance of each city is 
calculated for structures pillar and Technology pillar as explained in Table 1.  

Table 2. The evaluation criteria [12] 

 STRUCTURES Technologies 

Health&Safety 

The poorest areas' demands are met by basic sanitation City maintenance issues can be reported online for a 
prompt resolution 

Services for recycling are adequate A website or app makes it simple for locals to donate 
unused goods 

There are no issues with public safety Free public wifi has improved access to city services 

There is no issue with air pollution CCTV cameras has made residents feel safer 

The delivery of medical services is adequate. A website or App makes it simple for residents to effec-
tively monitor air pollution 

Finding housing with rent equal to 30% or less of a 
monthly salary is not a problem 

Arranging medical appointments online has improved 
access 

Mobility 

There is no issue with traffic congestion Car-sharing Apps have reduced congestion 

Public transport is adequate Journey time have reduced with an Apps that direct you 
to an available parking space 

 Bicycle hiring has reduced congestion 

 Online scheduling and ticket sales has made public 
transport easier to use 

 The city provides information on traffic congestion 
through mobile phones 

 Car-sharing Apps have reduced congestion 

Activities 
Green spaces are adequate Online purchasing of tickets to shows and museums has 

made it easier to attend 
Cultural activities are adequate  

Opportunities 

Services for obtaining a job are easily accessible Finding a job has become simpler thanks to online job 
listings 

Most children have access to a good school In schools, IT skills are taught effectively 

Local institutions offer chances for lifelong learning The city's online services have made it simpler to launch 
a new company 

Companies are generating new employment The speed and dependability of the internet nowadays 
satisfy connectivity requirements 

Minorities are accepted  

Governance 

Decisions made by the municipal government are rea-
dily available 

Corruption has decreased as a result of online public ac-
cess to local finances 

City officials' corruption is not a cause for alarm Participation has grown due to online voting 
Local government decision-making is influenced by re-
sidents 

City life has improved thanks to an internet forum 
where locals may share ideas 

Residents comment on initiatives of the local administ-
ration 

PIdentification Processing Online documents have 
shortened wait times 
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The data of cities for each pillar are provided in Tables 2 and 3. 

Table 2. Structure pillar data of cities [12] 

City Health and Safety Mobility Activities Opportunities Governance 
Zurich 71.20 60.50 79.20 74.52 70.90 
Oslo 62.87 54.05 79.30 72.32 60.40 
Canberra 63.97 59.75 80.80 74.88 59.33 
Geneva 64.43 55.95 81.70 69.36 66.48 
Singapore 70.92 64.25 76.90 74.38 68.73 
Copenhagen 62.52 49.10 77.65 71.94 63.18 
Lausanne 60.23 48.60 79.65 69.78 62.20 
London 43.25 41.50 73.10 61.74 49.05 
Helsinki 57.38 58.50 77.60 67.54 58.08 
Abu Dhabi 71.33 68.35 85.00 71.58 72.18 
Stockholm 52.02 40.45 76.00 65.22 54.80 
Dubai 69.77 60.25 83.85 73.40 72.68 
Beijing 69.72 50.45 81.90 76.34 66.83 
Hamburg 53.58 42.90 72.90 61.86 52.93 
Prague 53.18 46.35 64.20 66.34 52.70 

Table 3. Technology pillar data of cities [12] 

City Health and Safety Mobility Activity Opportunities Governance 
Zurich 57.03 57.04 82.00 70.70 53.70 
Oslo 54.17 51.72 80.70 60.98 45.03 
Canberra 58.08 39.38 77.70 60.33 42.60 
Geneva 59.25 55.08 81.10 63.98 55.33 
Singapore 71.77 62.14 82.00 75.38 64.23 
Copenhagen 54.08 46.48 78.90 61.75 48.15 
Lausanne 52.75 51.46 77.90 62.63 49.95 
London 54.68 56.70 74.80 65.20 53.60 
Helsinki 54.25 50.26 73.10 62.58 50.00 
Abu Dhabi 77.55 73.34 88.70 79.55 76.28 
Stockholm 52.07 47.64 74.30 57.70 44.63 
Dubai 77.68 72.14 89.50 79.80 73.13 
Beijing 78.97 77.82 88.40 80.80 76.13 
Hamburg 48.75 49.52 76.80 54.68 45.33 
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Prague 57.28 50.42 76.40 60.23 51.18 
 

The evaluation criteria consist of five outputs regarding DEA terminology, hence a 
DEA based model, which is applicable when the data contain a dummy input and mul-
tiple outputs, is required. Thus, the methodology addressed in Toloo [14] is employed. 

The maximum value for non-Archimedean infinitesimal ε is calculated 0.0027 for 
technology pillar via Equation (1). By using this value in Equation (2), the deviation 
from efficiency values for cities are computed. The full ranking of DMUs considering 
technology pillar is obtained according to their deviation values as in Table 4. 

Table 4. The full ranking of cities considering technology pillar 

DMU   d(j) Rank 
1 Zurich 0.1984 5 
2 Oslo 0.2659 10 
3 Canberra 0.3019 13 
4 Geneva 0.2126 6 
5 Singapore 0.1144 4 
6 Copenhagen 0.2743 11 
7 Lausanne 0.262 9 
8 London 0.2385 7 
9 Helsinki 0.2747 12 

10 Abu Dhabi 0.0159 2 
11 Stockholm 0.3074 14 
12 Dubai 0.0232 3 
13 Beijing 0 1 
14 Hamburg 0.3095 15 
15 Prague 0.2606 8 

 
The maximum value for non-Archimedean infinitesimal ε is calculated 0.0024 for 

structural pillar via Equation (1). By using this value in Equation (2), the deviation from 
efficiency values for cities are computed. The full ranking of DMUs considering struc-
tural pillar is obtained according to their deviation values as in Table 5. 

Table 5. The full ranking of cities considering structural pillar 

DMU   d(j) Rank 
1 Zurich 0.0325 3 
2 Oslo 0.1066 8 
3 Canberra 0.08 6 
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4 Geneva 0.0826 7 
5 Singapore 0.0356 4 
6 Copenhagen 0.1189 9 
7 Lausanne 0.1297 10 
8 London 0.2702 15 
9 Helsinki 0.1335 11 

10 Abu Dhabi 0 1 
11 Stockholm 0.2163 12 
12 Dubai 0.0228 2 
13 Beijing 0.0623 5 
14 Hamburg 0.2282 13 
15 Prague 0.2317 14 

 
According to the results, Beijing is ranked first, which is followed by Abu Dhabi 

and Dubai considering technology pillar, and Hamburg ranked last. Abu Dhabi is 
ranked first, which is followed by Dubai and Zurich considering structural pillar, and 
London ranked last. The correlation coefficient among two rankings is computed as 
0.66 that indicates moderate positive correlation. This result shows that cities' current 
infrastructure and technological services and amenities are different. To reach a sus-
tainable smart city, governments should give attention to these two pillars. 

4 Conclusions 

Smart City Performance Evaluation is vital to ensure the success of smart city initiatives 
and guiding future investments and policies. Evaluating performance enables city man-
agers and stakeholders to identify what works, uncover areas for improvement, and 
optimize resources to achieve desired outcomes. The managerial implications of smart 
city performance evaluation are: 
• Evidence-based decision making 
• Resource optimization 
• Enhanced stakeholder engagement 
• Continuous improvement 
• Risk mitigation 
• Strategic alignment 
• Technology assessment 
• Policy development 
• Encouraging innovation 
• Ensuring Citizen-Centric Outcomes 

 
IMD provides smart city index at each year. The IMD Smart City Index evaluates 

citizens' opinions about the structure and technology applications that are available to 
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them in each city. The SCI ranks the cities based on the opinions of 120 locals. The 
final score for each city is calculated employing the perceptions of the last three year, 
with the weight of 3:2:1. This study calculates the smart city performances of countries 
employing data envelopment analysis considering structure and technology pillars. Ac-
cording to the results, Beijing is ranked first, which is followed by Abu Dhabi and Du-
bai considering technology pillar, and Hamburg ranked last. Abu Dhabi is ranked first, 
which is followed by Dubai and Zurich considering structural pillar, and London ranked 
last. 
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