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Abstract

A smart city finds ways to better serve its citizens, and brings together key urban systems, including energy grids, water management, waste systems, smart
mobility and transportation based on the engineering applications. The smart cities should aim to strengthen the socio-economic backbone of the city, so
the subject needs to be addressed in multi-dimensional framework. Thus, different disciplines such as engineering, architecture, sociology, economics and
urban design are practiced upon in order to design smart technology plans and systems. Even though innovative smart city projects offer sustainable,
mobile, digital, safe infrastructures that enable flexibility to different needs still there is no consent about what really forms a city smarter.

This paper considers smart cities as integrated models, and aims at disclosing major catalysts for socioeconomic development in smart city projects. Besides,
discusses about the tools for urban development enabled by knowledge-intensive digital applications, the role of open data in smart mobility systems and
nature-based solutions. Several dimensions and elements of the smart cities are defined based on the projects of five chosen cities located in different
continents. Findings from each project about their critical systems, salient concepts and driving elements are utilized to conclude the study with triggers

that can set cities on the path to becoming smart.
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Siirdiiriilebilir ve Cok Yonlii Akilhh Kent Kavraminin Temel Taslar
Oz

Konsept olarak akilli sehirler; mihendislik uygulamalarima dayanan enerji sebekeleri, su yonetimi, atik sistemleri, akilli mobilite ve akilli ulasim dahil
olmak tizere 6nemli kentsel sistemleri bir araya getirerek, vatandaslarina daha iyi hizmet vermenin yollarin1 amaglar. Akilli sehirler, kentin sosyo-ekonomik
bel kemigini giiclendirmeyi hedeflemelidir, yani akilli sehirler kavrami ¢ok boyutlu ve multidisipliner bir yaklasimla ele alinmalidir. Bu sebepten 6tlri
akilli teknoloji planlarim ve sistemlerini tasarlamak icin mihendislik, mimarlik, sosyoloji, ekonomi ve kentsel tasarim gibi farkli disiplinler
uygulanmaktadir. Yenilikci akilli sehir projeleri, farkli ihtiyaclara esneklik saglayan surdirilebilir, mobil, dijital, guvenli altyapilar sunsa da, kenti
gergekten daha akilli kilan seyin ne olduguna dair literatlirde karar kilinan tek bir forml yoktur.

Bu ¢alisma akilli sehirleri biitiinlesik modeller olarak ele almakta ve sosyoekonomik gelisme kapsaminda akilli sehir projelerindeki temel katalizorleri
aciklamay1 hedeflemektedir. Ayrica, bilgi yogun dijital uygulamalarin sagladig: kentsel gelisim araglarni ve akilli mobilite sistemlerinde dogaya dayali
cozlmleri tartigip, agik verilerin dnemini vurgulamaktadir. Akilli sehirlerin gesitli boyutlari ve unsurlari, farkl kitalarda bulunan bes akilli kentin projelerine
gore tanimlanmaktadir. Her bir projenin kritik sistemleri, goze carpan konseptleri ve unsurlari hakkindaki bulgulan ile kentleri akilli olma yoluna

sokabilecek indikatorler paylagilmstir.

Anahtar Kelimeler: Akilli sehirler, Akill: uygulamalar, Inovasyon, Kentsel gelisim
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Introduction

Today, 55% of the world’s population lives in urban environments, between 65% and 70% of humanity is expected
to be living by 2050 according to Population Division of the United Nations [1]. Population growth generates
extensive challenges in cities in several areas such as air pollution, traffic congestion, waste management, safety, and
health care. At this point, smart city concept is especially conceived to face the problems deriving from the increasing
urbanization trend [2].

Smart city is an unclear concept that makes implementing it difficult. There are various attempts to standardize
smart city models; in 2016, representative of ISO, IEC, ITU, IEEE, CEN-CENELEC and ETSI are gathered at the World
Smart City Forum for successful smart city deployment. However, the literature revealed that the meaning of a smart city is
multi-faceted [3]. Depending on the expertise of researchers’ smart city definitions and its dimensions changed accordingly.
Urban architectures, civil engineers, software engineers, sociologists, public administrative etc. have classified smart cities
based on their perspectives. Social scientists focus on so-called ‘soft’ strategies related to people and governance (i.e.
education, social innovations, culture, human capital etc.); on the other hand, engineers interested in the area of
Information and Communication Technologies (ICT), smart buildings, smart energy grids, smart mobility etc. that can be
defined in so-called ‘hard’ strategies [4].

In this paper, the modelling approaches of smart cities are compared systematically. Based on comparison a
framework with dimensions and elements are developed to evaluate five representative smart cities located in different
continents, and outcomes are extrapolated from this comparison.

The remainder of this paper is structured as follows: next section provides an analysis of existing smart city
frameworks and benchmarking approaches; then a new framework and indicators is introduced and apply for five existing
smart citiesto compare. The final section discusses findings and future thoughts.

1. Material and Method

A smart city framework is designed to provide a comprehensive view of a people-centered smart city’s three
cross- sectoral goals; economic growth, sustainability and quality of life [5]. The many definitions for the smart city
concept make it difficult for researchers and authorities to decide which framework is the best for analysis of
smartness. Therefore, a framework that constitutes on dimensions are generated. Also, each of dimensions is broken
down into several elements, and each element is the result of the aggregation of several indicators.

In order to determine the dimensions of a smart city various smart cities reported in [3], [6] - [9] are deeply
analyzed. Key characteristics are justified from a very broad concept and finally these key elements shown in Table 1 are
shaped by technology utilization, social and economic factors, efficiency, renewable energy usage, transportation, health
care and public safety.

Based on this table, smart city dimensions are generated namely smart economy, smart governance, smart
mobility, smart environment, smart people and smart living, respectively. The offered framework shown in Figure 1,
overlaps with some approaches like in Giffinger’s [8] and Manville’s [6] studies to develop indicators and smart
city development strategies.

Table 1. Common key elements of smart cities

Key Elements

Economic development, employment opportunities

Transparency and community participation in decision making

Importance should be given to public transport

Efficiency and sustainability, renewables usage, green technology

Diversity, creativity and participation in public life, proper facilities for entertainment, education

ol |lw]|N]|EF

Improving lives and livelihoods of residents, social infrastructure like parks, gardens, community halls, livable, health and safety
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In this study, each dimension is classified into four levels of success to compare the smartness levels of the cities. Here,
fundamental, mediocre, advanced and progressive labels show the level of implementation undertaken at five cities.

Smart
Governa
nce

Smart Smart
People Mobility

Smart
Environ
ment

Figure 1. Smart City Framework
The smart economy concept represents the new economy in an innovative, sustainable and eco-economic
approach. Descriptive indicators that are generated in this study are given in Table 2 in order to score the smartness of

cities in terms of economy.

Table 2. Summary of Smart Economy levels and descriptive

Fundamental Policies that support the specific labor market (infrastructure, facilities, economic support system)
Mediocre Policies that are designed to support the entrepreneur, GDP per employed person

Advanced Policies based on entrepreneurship and innovation, flexibility of labor market, innovative economic growth
Progressive Employment rate in knowledge-intensive sectors, ICT based economic entrepreneurial behavior

Smart governance implies using technology to facilitate and support better planning and decision making,
improving democratic processes and transforming the ways that public services are delivered. Table 3 summarizes the smart

governance measurement levels.

Table 3. Summary of Smart Governance levels and descriptive

Fundamental Provision of basic public and social services

Mediocre Participation in decision-making

Advanced Public and social services

Progressive Transparent governance with ICT that provides real-time policy conveyance

Smart mobility covers public accessibility to real-time information; which improves services by reducing CO;
emissions, saving time, money and gas [10]. Smartness level increases with offering alternatives to private car and using
smart control management tools to reduce traffic congestion. Smartness performance measurement levels for mobility are

given in Table 4.
Table 4. Summary of Smart Mobility levels and descriptive

Fundamental Basic transportation and local accessibility

Mediocre Full accessibility, sustainable, innovative and safe transport systems

Advanced Payment integrated in multimodal transport system

Progressive ICT in traffic control, international accessibility, sustainable, innovative and safe transport systems with ICT infrastructure

A city’s environmental smartness include promoting renewable energy and electric vehicles, establishing smart
grids, recycling water, and monitoring leaks and emissions [10]. Table 5 shows the assessment criteria for smart

environment.
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Table 5. Summary of Smart Environment levels and descriptive

Fundamental Safe and clean environment
Mediocre Environmental protection, efficiency in energy
Advanced Sustainable resource management system, efficiency in water consumption

Progressive Monitoring and reducing atmospheric emissions, usage of ICT in the sustainable environmental management system

Smart people aim at providing high level of education to citizens, vocational training, lifelong learning for all age
groups and demographics, the quality of social interactions regarding integration and public life. Smartness levels for people
dimensions are listed in Table 6.

Table 6. Summary of Smart People levels and descriptive

Fundamental Fundamental level of infrastructure and programs for the training and education

Mediocre Improved access to educational resources, increased environmental awareness, improved digital literacy, affinity to lifelong
learning

Advanced Research and investment in innovation and creativity, advanced technological features for the advancement of knowledge,
skills

Progressive ICT and technology driven educational and training

Smart Living focuses on improving healthcare, safety, housing conditions, smart buildings, social and digital
inclusion (i.e. the use of electronic services, connectivity, and social platforms).

Table 7. Summary of Smart Living levels and descriptive

Fundamental Fundamental cultural facilities and social cohesion

Mediocre Critical infrastructure and resources to boost efficiency, availability, and resilience, diversity and social cohesion, green urban
planning, green energy

Advanced Connected planning, awareness building, and capacity development, fostering readiness

Progressive ICT based integrated smart, and sustainable urban areas, health, safety, social cohesion, diversity, green buildings

According to this study’s aim timeframe and data accessibility were the most decisive criteria for the selection of a
city sample. Thus, the comparison as for reasons of data availability is done between San Francisco, Amsterdam, Seoul,
Milan, and Shanghai. Each city’s dynamics are given below in Table 8. In order to calculate the scores and determine the
smartness level of each city, relevant information is taken from databases published by international organizations and
scientific papers.

Table 8. Selected five cities’ dynamics

San Francisco Amsterdam Seoul Milan Shanghai
Population 884.363 821.752 9,9 million 1,35 million 26,32 million
Total Area (km?) 606.6 220 605,21 1818 6.340
Households 780.971 373.182 4241547 731.091 5.416.200
Population density (people per km2) 7.230 4.908 17.000 7.200 46.100
Innovation Cities Index (2018) 3rd 18th 12th 40th 35th

In the smartness ranking analysis each descriptive under dimensions have value of 1, 2, 3 and 4; 1 (fundamental)

means city shows the existence of fundamental services, 2 (mediocre) means some improvement related to smartness is

achieved, 3 (advanced) means advanced progress of smart implementations is being made in the city, and 4 (progressive)

indicates the city has integrated ICT systems and ranked at progressive level.
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Research Findings and Discussion

After smartness performance measurement, it can be concluded that all analyzed cities are aiming to improve the
quality of life of their taking into consideration their culture, needs, and features of their cities based on geographical
areas and countries.

Figure 2 shows the radar chart that shows the comparison of chosen smart cities under six different dimensions. It
is observed that none of the cities lead in the smartness under all six dimensions. However, all cities except Shanghai

have shown at least one progressive smartness level, while all cities are ranked in advanced level of smartness at least once.

==@== San Francisco Amsterdam Seoul Milano Shanghai

Smart Economy

Smart Living Smart Governance

Smart People Smart Mobility

V4

Smart Er{\;ironment
Figure 2. Comparison chart of chosen cities

San Francisco and Seoul show the progressive level of implementation of high-productivity economy, competition,
economic prosperity, innovation, sustainable jobs, digital economy.

All selected cities have some form of smart government since they use e-government, open data, and provide
information with open access to citizens. However, progressive level in smart governance is not achieved by any selected
cities. Also, except Milan all cities have advanced level of public services, meaning greater efficiency, community
leadership, mobile working and continuous improvement through innovation

Like smart governance, smart mobility also is not achieved in progressive level. Except Shanghai, all cities have
reached an advanced level for transportation. All cities need to plan their traffic systems to transport with lower emissions
and noise pollution. Also, all cities have shown efforts to exploit open data with local companies creating mobile applications
based on parking and transportation.

Smartness performance of San Francisco and Amsterdam on environment are sharing a progressive level which
means green buildings, renewable energy usage, green urban management, efficiency, waste management are given great
importance.

Only the city of Seoul shows progressive level in terms of smart people solutions that support the creation of an
accessible and inclusive environment to increase prosperity and innovation within the city and community.

In smartness measurement on living San Francisco and Milan cities reach a progressive level. These cities are
encouraged connected communities through constructing green areas, innovating in health care and security, and using data
to monitor social programs.

Shanghai shows fundamental level of smartness 4 out of 6 dimensions. This result can be thought an outcome of

having a very wide terrain, high population and high number of households. However, Seoul shows only advanced and
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progressive performance even though it has very similar dynamics with Shanghai. This dissimilitude can be explained by a

deep involvement of Seoul citizens both in governing smart cities and in participating in its implementation.

Both Amsterdam and Milan that conditioned by historical buildings and infrastructures, have narrow territory which
seems to be a weakness against greenfield opportunities and ease of mobility. However, both cities did a good job for
implementing smart city strategies in bottom-up approach. A large use of ICT, governance and policies improve their

smartness performance.

3. Results and Suggestions

It becomes clear that researchers come up with many proposals regarding the smart city definitions, but still there
is no commonly accepted definition, and the indicators of the smartness of a city are still arguable. Here, it is aimed to
compare different smart cities scattered around the world in terms of smartness level. A conceptual framework with six
dimensions is generated, and its indicators for each dimension are classified into four smartness levels.

This paper has shown that this method can be applied to assess various elements of smartness; such as the
governance of cities, environment, mobility etc. As a conclusion, this kind of comparisons can serve as an index identifying
gaps and areas where improvement is needed in cities’ smart planning and development. The measurement of the smartness
level allows public administrative and urban developers to assess the effectiveness of actions they take for improving the

quality of life, which is the aim of smart cities.
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Genigletilmis Ozet

Giriy

Bugun, diinya nifusunun %55'i kentlerde yastyor ve Birlesmis Milletlerin ¢calismasina [1] gére 2050 yilina kadar % 65 ila
% 70'i kentlerde yasayacak. Sehirlerdeki bu kontrolstiz nlfus artisi; hava kirliligi, trafik sikigikligi, atik yonetimi, glvenlik
ve saglik gibi ¢esitli alanlarda biyuk zorluklar yaratmaktadir. Bu noktada, artan kentlesme egiliminden kaynaklanan
problemlerle yiizlesmek igin akilli kent kavrami ¢6zim olarak disiiniilmektedir [2].

Akilli kent konsepti, hala tanimi net olmayan bir modeldir. Bu modeli standartlagtirmak igin ¢esitli girisimler olmasina
ragmen literatir akilli kent kavramimim ¢ok yonlii oldugunu ortaya koymustur [3]. Kent mimarileri, ingaat muhendisleri,
yazilm mihendisleri, sosyologlar, kamu yoneticileri gibi uzmanlar; akilli sehirleri kendi perspektiflerine gore
tanimlamiglardir. Sosyal bilimciler daha ¢ok egitim, sosyal yenilikler, kiiltlr, insan sermayesi gibi konulara odaklanirlarken;
fen bilimciler ise Bilgi ve Iletisim Teknolojileri (BIT), akilli binalar, akilli enerji sebekeleri, akilli mobilite gibi alanlara
odaklanmislardir. Tanimi uzmanlk alanlarina gére degisiklik gdsteren akilli kent modellerinde tek bir standart model
olusmamustir.

Bu caligmada, ¢esitli akilli sehirlerin modelleme yaklagimlari sistematik olarak karsilagtirilmigtir. Kargilagtirmaya
dayanarak, farkli kitalarda bulunan bes temsili akilli kenti degerlendirmek igin boyutlar ve unsurlar iceren bir cergeve
gelistirildi ve karsilagtirma sonuglar: sunulmustur.

Yontem

Bu caligmada, akilli gehrin boyutlarini belirlemek icin [3], [6] - [9] 'da sunulan ¢esitli modeller incelenmistir. Calismalardaki
ornek kentlerin temel ortak Ozellikleri ¢ikarilmig ve tim bu 6geler teknoloji kullanimi, sosyal ve ekonomik faktorler,
verimlilik, yenilenebilir enerji kullanimi, ulagim, saglik ve kamu giivenligi ile kiimelendirilmistir. Bu sekilde olusturulan
akilli kentlerin ortak temel 6geleri ve bu 6gelere karsilik gelen akilli sehir boyutlar: Tablo 1'de sunulmustur. Ayrica bu tablo,
Giffinger’in [8] ve Manville’in [6] akilli gehir gelistirme stratejileri caligmalariyla 6rtigmektedir.

Tablo 1. Akilli sehirlerin ortak temel 6geleri ve bunlara karsilik gelen akilli sehir boyutlar:

Temel Ogeler Akilh Sehir Boyutlar:
1 | Ekonomik gelisme, istindam firsatlari Akilli Ekonomi
2 | Seftaflik ve karar alma siirecine toplumun katilimi Akilli Yonetigim
3 | Toplu tasimaya verilen dnem Akilli Mobilite
4 | Verimlilik ve strdrilebilirlik, yenilenebilir enerji kullanimu, yesil teknoloji Akilli Cevre
5 | Cesitlilik, yaraticilik ve kamusal hayata katilim, eglence igin uygun olanaklar, egitim Akalli Insan
6 Sakinlerin yasam ve ge(;im kaynak_larlnlr} iyile_stirilmesi, parklar, bahceler gibi sosyal altyapi, Akalli Yasam
topluluk salonlar, saghik hizmetleri ve guvenlik

Bu aragtirmada, akilli kent érneklemindeki en belirleyici faktor veri erisilebilirligidir. Bu ylzden akilli kent karsilagtirmasi
San Francisco, Amsterdam, Seul, Milano ve Sangay arasinda yapilmustir. Her bir kentin puanlarin1 hesaplamak ve her bir
sehrin akillilik seviyesini belirlemek icin, bilimsel makaleler ve uluslararasi kuruluslar tarafindan yaymlanan
veritabanlarindan ilgili bilgiler ¢ekilmistir.

Sonug

Aragtirmacilarin akilli sehir tanimlartyla ilgili bircok 6neri sunduklari, ancak hala yaygin olarak kabul edilen bir tanim
olmadig1 ve bir kentin akillihigmin godstergelerinin hala tartigmali oldugu agiktir. Burada, diinyanin ¢esitli bélgelerindeki
farkli akilli sehirleri akillilik seviyesi a¢isindan karsilastirilmasi yapilmistir. Altt boyutlu kavramsal bir gerceve olusturulmus
ve her bir boyut icin gostergeler incelenip, degerlendirilmistir.

Segilen akilli gehirlerin alt1 farkli boyutta karsilagtirilmasi yapilmistir. Akillilik performans élgimiinden sonra, analiz edilen
tlm sehirlerin, cografi alanlara ve Ulkelere dayanarak sehirlerinin kilturlerini, ihtiyaglarini ve dzelliklerini dikkate alarak
yasam kalitelerini iyilestirmeyi amagladiklar1 sonucuna varilabilir. Her kentin problemi ve vatandagslarinin beklentisi ve
oncelikleri farkli olmasindan 6tiirli karsilastirilmast yapilan kentler bazi boyutlarda iyi performans gosterirken, bazilarinda
ise yeterli puan alamadig1 goriilmiistiir.

Sonug olarak, bu tiir karsilagtirmalar kentlerin akilli planlama ve gelistirmelerinde iyilestirmenin gerekli oldugu bosluklari
ve alanlar belirleyen bir endeks goérevi gorebilir. Akillilik seviyesinin él¢limi, kamu yoneticilerinin ve sehir gelistiricilerin
akilli sehirlerin amaci olan yasam Kalitesini iyilestirmek igin yaptiklari eylemlerin etkinligini degerlendirmelerini
saglayacaktir.
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