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1 ABSTRACT

An increasingly rapidly urbanising world highlighgsstainable urban development as an inevitablaatru
issue that has recently been at the forefront ofierous scientific inquiries. Measuring city susadnitity
contributing to the quality of urbanisation is abstantial research field in this area. Meanwhile, a
comprehensive functional indicator system, inclgdirccurate indicators, is the first point of measycity
sustainability. Hence, this paper aims to propaséndicator system for measuring city sustainapibiy
analysing current research and experiences, imgudkisting frameworks, indicator systems, and case
studies. Through a systematic literature reviewadicles published by Elsevierand MDPI from 2019
onwards, an indicator system has been developddcthed be applied for measuring city sustainapilit
according to available and accessible data. luges$ the 21 most frequent indicators based onhitee t
main subsystems of economy, society, and envirohn@amncerning their effects on city sustainabilityey
were categorised into two properties of benefit aost regarding the sustainable development otya ci
Thus, seven indicators measure the economic dimensevenconsider the social dimension, and seven
address the environmental dimension. Conductingirgsapcase studies following the proposed indicato
system accompanied by weighting approaches andegating methods as another significant issue
concerning measuring city sustainability will coeplent the current path to future further research.

Keywords: Indicator System; Sustainability; Susable City; Sustainable Development; Urban
Sustainability

2 INTRODUCTION

City sustainability is extremely important becaitsdirectly contributes to the quality of urbanisat (Li and
Yi, 2020). In an increasingly rapid urbanising vebrtity sustainability has been the focus of numsro
academic studies (Liu et al., 2020). The intenesesearch on city sustainability as an emergemteqat has
grown exponentially, and it has been at the frdrdotentific inquiries in recent years (Xie et &022). We
need to understand where we are and where we @ Jdws, searching for sustainable developmetiteat
urban level and how cities can approach sustaihalsilof interest (Tomatis et al., 2022).

The cities require more and more to be transformmdmicome more sustainable through pursuing a
sustainability agenda (Antolin et al., 2020; Hasaad Kotval-K, 2019). Measuring city sustainabiliiy
providing the possibility to know cities’ statusdapreparing baselines for decision makers hasabletole

in this regard (Zhou et al., 2021).1t could provateimportant reference for sustainable urban dgwveént.
However, sustainability is a multi-dimensional gystthat requires a comprehensive, accurate, aihaht
index system for evaluation (Gong et al., 2019ntporating sustainability into local urban planning
depends on measuring city sustainability and dewedpindicators for it (Hassan and Kotval-K, 2019).
Therefore, indicator selection is the first poiftr@easuring city sustainability, and accordinghg faccuracy

of the indicator system has a significant effecti@results (Zhou et al., 2021).

While measuring city sustainability performance hasome an attractive and popular broad reseaglth &
comprehensive functional indicator system has eehbwell developed (Yi et al., 2019b).Current stadn
sustainable urban systems lack complete analyfti@aleworks for indicator selection and focus maioty
ecological aspects that depend on the selectioimslmfators, often challenged by the limitationavfilable
and accessible data (Xie et al., 2022). Despiteenaus pieces of literature on city sustainabilitys still a
complicated area where multiple indicators and mnesssalready exist regarding different purposes and
agendas (Liu et al., 2020).

Hence, this paper aims to propose an indicatoesy$br measuring city sustainability. For this mse, a
systematic literature review has been considerdithwis explained in the methodology section. suteed
in identifying and screening the articles publishgcElsevier and MDPI from 2019 onwards, followifogir
search keywords for the titles: sustainable citpan sustainability, sustainable urban developnserd,city
sustainability. Among the identified articles, niaeticles were finally selected, and the resultstise
analyses them, focusing on the indicator systermiggisuring city sustainability.
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3 METHODOLOGY

The systematic literature review was used to fanusecent studies published by Elsevier and MD&nfr
2019 onwards. Accordingly, the ScienceDirect andMDatabases were explored following the title cear
strategy in the middle of July 2022. Consequeyand 108, 82 and 106, 28 and 35, and 14 andti8ear
were found in Elsevier and MDPI, respectively, pnsidering four keywords of sustainable city, urban
sustainability, sustainable urban development, @tydsustainability. Tables 1 and 2 show the dstail
these articles based on their types and yearshdisping.

Search Keyword Article Type Year
. 2019 21
research article 74
2020 11
sustainable city ) ) 2021 27
review article 10
2022 25
Total 84
. 2019 22
research article 69
2020 25
urban sustainability ) ) 2021 23
review article 13
2022 12
Total 82
. 2019 6
research article 22
2020 5
sustainable urban development ) . 2021
review article 6
2022 12
Total 28
. 2019 3
research article 13
2020 5
city sustainability ) ) 2021 4
review article 1
2022 2
Total 14

Table 1: Details of the identified recent articbescity sustainability published by Elsevier

Search Keyword Article Type Year
) 2019 20
article 102
2020 26
sustainable city . 2021 39
review 6
2022 23
Total 108
. 2019 27
article 95
2020 27
urban sustainability . 2021 36
review 11
2022 16
Total 106
. 2019 7
article 30
2020 9
sustainable urban development ) 2021 11
review 5
2022 8
Total 35
. 2019 10
article 34
2020 8
city sustainability . 2021 11
review 1
2022 6
Total 35

Table 2: Details of the identifiedrecent articlesaity sustainability published by MDPI

Figure 1 presents the distribution of the city aurgtbility articles published by Elsevier and MOflsed on
years of publishing. Figure 2 also shows them basethe title’s search keywords and years of phlis

First, 40 articles were included by reviewing titke tand the abstract. Subsequently, in the setevel-
screening, by reviewing the full content, fifteendathen nine articles were selected for furtheryesma
regarding proposing an indicator system for meagucity sustainability. Fifteen mentioned articlesve
been presented in the references section.
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Fig. 1: Distribution of the identified recent atéis on city sustainabilitypublished by Elsevier &MDP| based on years of
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Fig. 2: Distribution of the identified recent atéis on city sustainability published by Elsevied aDPI based on the title’s search
keywords and years of publishing

4 RESULTS

As explained in the methodology section, nine ksiavere finally selected for further analysis cenming
proposing an indicator system for measuring citstanability. Chen and Zhang (2020) have measured t
sustainability performance of 14 Chinese citiethimprovince of Liaoning by considering the linkagaong
multiple criteria. Based on the data availabilitithin the complexity of urban systems, they havecded

21 indicators to include all subsystems with aahié balance. Having a direct/indirect relationdoiity
sustainability, denoting the various facets of eroy, society, and environment, and data accegyilaitid
measurability were theirkeyconsiderationsindevelgpihis indicator system (Chen and Zhang, 2020). In
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another researchanalysing the sustainability perdiocesof the 34 shrinking cities in Northeast Chihay
used the same criteria system (Chen and Zhang).2021

Li and Yi (2020) have measured the sustainabilit9 national central cities of China by an indigatgstem
including 24 indicators from three interacting @i of the sustainability concept. City sustaingpbil
supports the quantity and the quality of econommagh, aims at overall social and human progresd, a
indicates the sustainable use of natural reso@neeéshe ecological environment. However, they bay this
set of indicators could represent only part ofasibects of urban sustainability because of thdadton of
accessibility to the statistical data.

Tang et al.(2019) believe that city sustainabitigeds to be measured by an all-directional andiandfied
approach that can assess, monitor, and promotsustainable development of cities. Hence, a complet
simple, and accurate city sustainability measuiimdex system should consider all effective factofs
economy, society, and ecology. They have objegtieghluated the sustainability of 16 cities in fghui
province of China through an index system thatudet 39 indicators in three economic, social, and
ecological development categories.

Yang et al.(2020) have suggesteda scientific basedécision-makers to measure and compare urban
development directions by analysing the sustaiitglof 13 prefecture-level cities in the Beijingdrijin-
Hebei region under various policy intervention svers. To that effect, a city sustainability evdioa
model has been proposed following the principleystem dynamics and future policy scenarios, inoyd
sustainable development, business-as-usual devetdgpnpartial sustainable development, extremely
imbalanced development, and economic-growth-orientkevelopment. Among numerous indicators
characterising city sustainability, 20 accessilsiesowere selected in the Chinese urban manage ot
considering six subsystems of economy, livelihaik, environment, pollution governance, and reseur

Yi et al.(2019a), who have measured the sustaitabil 17 Chinese cities in Shandong province veithet

of 21 indicators, consider two main factors infloieig city sustainability. Internal factors are timmate
configuration of the city itself, including geogtapal location, climate, and natural resources.etdl
factors are activities and states derived from ¢itg, such as city size, population density, urban
transportation, and social welfare.For measuribgstistainability, they have selected indicatorgdmusing

on external factors fettered by the data availgbilihey were divided into economy addressing tiantjty
and quality of economic growth and developmentjetpcconsidering the basic demands of current and
future generations, and environment fulfilling tiesis of city sustainability.

In other studies, theyhave measured the sustaityalaiVel of 13 Chinese cities in the Capital Econo
Circle and 15 sub-provincial cities in China frohe tMulti-Criteria Decision Making perspective. Rbe
indicator system, they have considered comprehensss as a reflection of city sustainability by the
economy, society, and environment, measurabilitydas accessibility to allow practical measurement,
objectiveness as focusing on the actual objecteréopmances, and stability as being relatively tamtsin
responding to a long-term process. Accordingly, itidicator system includes 18 economic, social, and
environmental indicators(Yi et al., 2019b and 2021)

Zhou et al.(2021) believe that the indicator systemmeasuring city sustainability should consitlaree
social, economic, and environmental systems toeaeBustainability. Accordingly, they've developed a
indicator system for measuring the profit of thereamic system, the benefits of the social systerd,the
rationality of the environmental system. It incled@4 indicators used to analyse the sustainability
performances of 14 cities in the province of LiamnpiHowever, this set cannot entirely represenaglects

of city sustainability due to the data accessipllihitation and cannot be completely independestduse of
the partial overlap.

Followingthe analysis of existing research and cdedies (Chen and Zhang, 2020 and 2021; Li and Yi,
2020; Tang et al., 2019; Yang et al., 2020; Yilet2019a, 2019b, and 2021; Zhou et al., 2021jnditator
system was developed and proposed for measuringustainability. Those indicators were selectethen
proposed indicator system for measuring city soatality, which were atleast repeated and used tioues

or more in these studies. Consequently, as Fignd Table 3 show, it includes the 21 most frequent
indicators for measuring city sustainability basedthe three main dimensions/subsystems of economy,
society, and environment. Concerning their effamiscity sustainability, they were categorised itwm
attributes/properties of benefit: the greater oote value is better for city sustainability andstahe lesser
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criterion value is better for city sustainabilifys stated in the analysed studies, this indicatstesn cannot
measure all aspects of city sustainability and wildo be affected by the limitation of availabledan
accessible data.

o 2 4 6 8 10

Per capita GDP I 9
Per capitagreenarea I o
Registered urban unemployment rate I O
The ratio of industrial solid wastes comprehensively utilized NG 3
The natural growth rate of the population NG 3
Beds in medical institutions per 10,000 people I 8
The ratio of the added value of the tertiary/service industry to GDP I 8
The ratio of education expenditure and the public finance expenditure NGNS 7
Ratio green coverage of built-up areas NGNS o
The ratio of science and technology expenditure and the public finance expenditure NN 6
Per capita retail sales of consumer goods NN 6
GDP growth rate I o
The volume of industrial wastewater NGNS 5
Per capita area of roads NN 5
Per capitainvestment in fixed assets I 5
Amount of foreign capital utilized actually per capita NG 5
Electricity consumption per GDP NS 1
Emissions of industrial soot and dust [N 4
Emissions of industrial 502 IS 1
Doctors per 10,000 people  INII————— 4
Per capita household saving depesits [N 4

Fig. 3: Most frequent indicators for measuring atystainability ranked by the number of the studlielicator sets in which have
appeared (Chen and Zhang, 2020 and 2021; Li an20ZD; Tang et al., 2019; Yang et al., 2020; Yilgt2019a, 2019b, and 2021,
Zhou et al., 2021)

Economy
Indicator Unit Property
Per capita GDP Currency Benefit

The ratio of the added value of the tertiary/sevic, )
industry to GDP % Benefit

GDP growth rate % Benefit
Per capita retail sales of consumer goods Currency Benefit
Amount of foreign capital utilized actually per dap Currency Benefit
Per capita investment in fixed assets Currency fene
Per capita household saving deposits Currency Benef
Society

Indicator Unit Property
Registered urban unemployment rate % Cost
Beds in medical institutions per 10,000 people Bedpeople Benefit
The natural growth rate of the population % Benefit

The ratio of education expenditure and the pulitiarfce

expenditure % Benefit
The_rat_lo of science :?md technology expenditure thed % Benefit
public finance expenditure

Per capita area of roads m2 Benefit
Doctors per 10,000 people Person/104people Benefit
Environment

Indicator Unit Property
Per capita green area m2 Benefit
Tt_u_e ratio of industrial solid wastes comprehengi el% Benefit
utilized

Ratio green coverage of built-up areas % Benefit
The volume of industrial wastewater Ton Cost
Emissions of industrial SO2 Ton Cost
Emissions of industrial soot and dust Ton Cost
Electricity consumption per GDP kWh/Currency Cost

Table 3: Proposed indicator system for measuritygstistainability (Chen and Zhang, 2020 and 202&nd Yi, 2020; Tang et al.,
2019; Yang et al., 2020; Yi et al., 2019a, 2019t 2021; Zhou et al., 2021)
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5 CONCLUSION

City sustainability as an emergent concept diremblytributing to the quality of increasing urbatisais an
attractive and popular research field in a broamjeaand at the front of numerous scientific inesri
recently. Measuring city sustainability could preithe possibility to know the status of cities aas
important reference for sustainable urban developmdeanwhile, a comprehensive functional indicator
system, including accurate indicators often chakehby available and accessible data, is the gosit of
measuring city sustainability. This study bringdeoretical and conceptual approach to this sicguifi area
through a systematic literature review of currmdearch and experiences measuring city sustatgabil
including existing frameworks, indicator systemsj @ase studies.

Accordingly, an indicator system was developed mroghosed to measure city sustainability. It inchitiee

21 most frequent indicators based on the three rdamensions/subsystems of economy, society, and
environment. Concerning their effects on city sustaility, they were categorised into two
attributes/properties of benefit: the greater thigeigon value is better for city sustainabilitydasost: the
lesser the criterion value is better for city sumshility. Thus, seven indicators measure the egooo
dimension, sevenconsider the social dimensionsamdn address the environmental dimension. Compcti
empirical case studies in future further reseaddlowing the proposed indicator system will compérh
the path of this research. At the same time, it bd@laccompanied by weighting approaches and agtingg
methods as another significant issue concerningungg city sustainability.
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