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Abstract

:

The issue of urban sustainability is currently exceptionally up to date, and the sustainable development of cities has become an important topic on the political level. Many cities in the world are facing acute challenges concerning growing dangers to the environment and ensuring quality of life for their inhabitants. In connection with cities achieving their individual goals of sustainable development, urban sustainability indicator frameworks (USIFs) are becoming the subjects of attention. Such frameworks enable sustainability to be clearly measured and assessed. In this article, we analysed selected global and European USIFs in terms of their commonalities and differences, sustainability dimensions, thematic categories, and categorised indicators. Based on the analysis of the content of the reviewed frameworks, we compiled a list of generally recognised thematic categories within the four main dimensions of sustainable development, and we identified the key indicators of urban sustainability. Our review showed differences in the existing approaches that substantially contributed to the current inconsistencies in assessing and measuring sustainable development in cities. Our results provide an overview of this issue, e.g., to decision makers, and could concurrently serve as a generally applicable foundation for the creation of new urban sustainability indicator frameworks. We also point out the current trends and challenges in the domain of urban sustainability assessment.
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1. Introduction


Cities and their development represent some of the biggest challenges of the 21st century. They have become the decisive motors of economic growth and are the centres of opportunity, prosperity, innovation, and social and cultural interaction [1,2,3,4]. Nowadays, 55% of the global population lives in urban areas, while the numbers and percentages of urban inhabitants are constantly growing. It is expected that due to urbanisation and global population growth, the urban share of the population will reach 68% in 2050 [5]. Cities are facing several socioeconomic and environmental challenges, such as the depletion of natural resources, reduction of biodiversity, climatic changes, air pollution, excessive noise, production and disposal of waste, land use, availability of potable water, and so on. These environmental issues in cities relate to social and economic challenges in ensuring the required quality of life and equal opportunities for all inhabitants. Ensuring quality of life not only includes providing a fundamental material existence, but also a series of other aspects—e.g., several questions such as education, public health, work, democracy, and equal economic and social conditions [6]. Recently, the world has been affected by the COVID-19 pandemic, and the problems associated with it are much more serious in cities. The impact of COVID-19 has been the most devastating in poor and densely populated urban areas [7]. The issues mentioned above are seen not only within cities, but also beyond their frontiers—the sustainability of urban areas is necessary for the sustainability of regions and states, as well as that of the whole world [8]. In addition to the connection between cities and the environment, it is also necessary to perceive city development in relation to global issues [9,10,11].



1.1. Sustainable Cities


Linked to the growing danger to the environment from cities and their inhabitants, the topic of urban development has become the subject of both European and global discussions. Sustainable cities and urban sustainability are defined in various manners that are characterised by criteria that concern numerous areas according to cities’ specific conditions and needs [12,13]. The sustainable development of cities is most often defined as the balance between three fundamental dimensions of sustainability—for example, the international organisation ICLEI (Local Governments for Sustainability) states that “sustainable cities work towards an environmentally, socially, and economically healthy and resilient habitat for existing populations, without compromising the ability of future generations to experience the same” [14]. However, many issues in cities require responsible institutions to deal with—and, if possible, solve—them. That is why it is necessary to include a fourth dimension—the institutional dimension. Framed in this way, sustainable urban development can be understood as a synergistic relationship among environmental, social, economic, and institutional factors in each respective city [15,16,17]. In addition to these dimensions, we can also encounter a “cultural dimension” of sustainability within the sources in the literature [6,12,13].



The importance of sustainable development on the local level is also shown by the formulation of a separate goal in terms of the Sustainable Development Goals for 2030—specifically, Goal 11: “Make cities and human settlements inclusive, safe, resilient, and sustainable” [18]. In 2014, The Urban Thinkers Campus initiative of the World Urban Campaign was launched, bringing together various stakeholders to discuss key issues for future urban development. The main result of the process of several meetings and discussions was the document “The City We Need 2.0” [19]. The defined and accepted “New urban agenda” [20] not only confirmed urbanisation as a key political issue at the highest level, but also pointed out the importance of indicators, frameworks, standards, and similar tools with regard to the execution of urban policy and the management of the procedures in practice. The requirement of the creation of indicators is defined in the 75th paragraph of Agenda 2030 [21]. Indicators became a basic and powerful tool when assessing the application of the concept of sustainable development [22,23]. However, it is necessary to point out that the issue of sustainable development indicators dates back to the 1990s—for example, chapter 40 of Agenda 21 [24] dealt with the importance of indicators of sustainable development. Currently, the importance of urban monitoring data in supporting informed decision making is emphasised in connection with the COVID-19 pandemic [7].




1.2. Urban Sustainability Indicators


In accordance with the described trends, the assessment of sustainability through indicators represents an appropriate and recommended method of managing sustainable urban development [8,23,25]. Indicators provide a simple, measurable tool that helps to create sustainable cities that are not only environmentally friendly, but also support the long-term economic productivity, health, and quality of life of their inhabitants [2,26]. Indicators of sustainable development are used as a source of information in the creation of strategic documents and development programs; they help to formulate priorities and to monitor the success of the resolution of issues [12]. Indicators bring information to the public, to scientists, and to the authors of policies [8,27]. The aim is to also integrate the public into the decision-making process in the form of cooperation on the design, selection, and assessment of the indicators [28]. The appropriate selection of indicators thus fulfils an educational role and contributes to a better understanding of the entire concept of sustainable development [29].



Recently, many studies have been published about the theoretical and methodological aspects of creating indicator frameworks and their use in the assessment of sustainability, e.g., [12,23,28,29,30,31,32,33,34,35,36] and others. The review of available frameworks for assessing sustainability was the object of articles and studies such as those of [8,10,13,25,27,37,38,39]. Contributions to the topic of creating indicators for cities have been made by studies and methodological guidelines with practical usages—for example, [9,16,40,41,42,43,44,45,46,47] and others.



Indicator sets with methodological guidelines form frameworks that assess sustainability on various spatial levels [34]. As individual cities significantly differ in the sources and availability of data, population size, historical context of development, and the cities’ functioning, various urban sustainability indicator frameworks (USIFs) were gradually created [12,13,25]. They were created by several international organisations, governmental agencies, non-governmental organisations, local societies, representatives of business communities, and scientists from the academic environment [26]. The structure of a USIF generally consists of three or four dimensions of sustainability, into which thematic categories (specified by certain goals) and indicators are organised [12,17,25,39]. While this structure increases clarity and can ensure a balanced representation of categories and indicators across all selected sustainability dimensions, it does not guarantee their interconnection [25]. An integrative approach and the maintenance of a balance between dimensions are essential conditions for achieving sustainable development [11,17,21,27]. In many cases, this “balance” is ambiguously defined and, therefore, remains only on a theoretical level. At present, the economic and social dimensions prevail at the expense of the environmental dimension. Likewise, the institutional dimension of sustainability lags behind [13,32,44,48].



Monitoring of sustainable urban development poses a challenge for policymakers in terms of selecting relevant thematic categories and indicators [10,12,32,44,49]. The selection of categories and indicators is realised based on meeting certain criteria and requirements [3,29,34,50]. The whole process of selecting categories and indicators needs to be transparent, methodologically correct, and clearly justified [12,34,42]. In many cases, it is difficult to eliminate the subjective nature of this process because the choice of categories and indicators is not value-neutral, but reflects the biases, failings, intentions, assumptions, and worldview of the framework’s creators [13,35,51].



When creating a new indicator framework for a certain city, the first phase of this process is selecting relevant existing USIFs based on references and geographical or thematic similarities [13,37,38,39]. Subsequently, their content analysis takes place in terms of methodology and basic structure, within which the dimensions of sustainability, thematic categories, and the classification of indicators are examined. Part of the analysis is also the so-called “Collection of categories and indicators” and the compilation of a wider set of thematic categories with relevant indicators. At present, there probably exist hundreds of different USIFs, which also include a high number of thematic categories and indicators. This fact causes a loss in the clarity of the issue and contributes to the complexity of the process of selecting relevant categories and indicators [3,10,23,25]. Their frequent occurrence points out the importance of certain categories and indicators within selected USIFs [12,44]. The list of the most frequently used thematic categories and indicators makes it possible to follow the general trends and challenges in the field of the evaluation of sustainable urban development while helping to partially eliminate the subjective nature of the process of selecting the main thematic categories and key indicators in the development of the USIFs [13,16,43,46].



The large number of existing frameworks has created a space for research aiming to analyse the content of selected global and European USIFs concerning commonalities and differences, sustainability dimensions, thematic categories, and categorised indicators. The main goal of our research is to select the most relevant USIFs, analyse their content in terms of basic structure (dimensions, thematic categories, indicators), and point out the current trends and challenges in the domain of urban sustainability assessment. To achieve this goal, we address the following specific questions: (1) Which dimensions of urban sustainability form the basic frameworks of the selected USIFs? (2) Which are the most frequently used thematic categories in the selected USIFs? (3) Which are the most frequently used indicators in the selected USIFs? (4) What factors need to be considered when creating a new USIF and selecting the relevant categories and indicators? (5) How can we further improve the process of creating and using new USIFs?



Our research could help in the assessment of urban sustainability, particularly when identifying appropriate categories and indicators. The list of the most frequently used thematic categories and key indicators allows policymakers to get an up-to-date overview of the issue and serves as a starting point for creating a new indicator framework for an investigated city. We also point out the current trends and challenges in the domain of urban sustainability assessment. Our results highlight differences in the existing approaches, in the representation of the thematic categories, and in the selection of appropriate indicators. Such differences substantially contribute to the current inconsistencies in the assessment of urban sustainability.





2. Materials and Methods


As mentioned above, the main goal of our contribution is to analyse the content of selected global and European USIFs in terms of their commonalities and differences, sustainability dimensions, thematic categories, and categorised indicators. As there probably currently exist hundreds of USIFs on various spatial levels [25], it is not possible to process these issues in an exhaustive manner. That is why we formalised the assessment process into several steps, which helped us to reach the research goal (Figure 1).



2.1. Defining the USIFs’ Selection Criteria


Our research is focused on the analysis of the content of existing frameworks (USIFs), which we selected based on criteria that we defined. In the first phase of our research, we defined these criteria in accordance with the Bellagio Sustainability Assessment and Measurement Principles, which represent a set of eight principles for assessing and measuring sustainable development concepts [29], as well as on the basis of recommendations of several authors [9,12,23,33,34,42,43,46]. In total, we defined four main criteria that must be fulfilled by an approach in order to be considered relevant for further analysis:




	
Criterion 1: The usability of USIFs in various urban environments highlights that they should be applicable—with minor modifications—in different cities. This means that a framework is not formulated exclusively for the conditions of one specific city.



	
Criterion 2: The real application of USIFs in cities means that the individual frameworks are actually used in the cities, i.e., they are not only theoretical concepts without practical use.



	
Criterion 3: The relationship of USIFs to the principles and goals of sustainable development means that they represent all of the main aspects of sustainability (the social, economic, environmental, and institutional aspects).



	
Criterion 4: The usability of the indicators in USIFs—i.e., the existence of indicators through which sustainability in cities is monitored. Frameworks that do not monitor cities with indicators were considered irrelevant for the purposes of this paper.









2.2. Selection of Relevant USIFs


In the second phase of our research, we selected appropriate USIFs by using two approaches. The main sources for the selection of USIFs were the publications of the European Commission [26] and Joss et al. [38], who provided a review of the most commonly used USIFs around the world. From these works, we selected a total of 29 frameworks that fulfilled the defined criteria.



The selection process was supplemented by a review of published studies that were registered in the Web of Science and Google Scholar databases. The review was performed for the period 2013–2021 because the publications [26,38] contained a recent review of frameworks up until 2013. As keywords for the search for the studies, the following words were used: “urban sustainability frameworks” and “sustainable cities indicators”. Because this research topic is very advanced in German-speaking countries, we also used the following German keywords: “Indikatoren der nachhaltigen Stadtentwicklung” and “Nachhaltigkeitsbericht der Stadt”. In total, we identified more than 200 appropriate studies, which included, in particular, articles, frameworks, and guidelines concerning the assessment of urban sustainability. Then, we assessed the individual studies via the criteria specified in point 1—their fulfilment led to the incorporation of the studies into the next phase of our research.



By using this methodology, we identified 50 relevant USIFs in total (Appendix A). This review includes studies and indicator frameworks from around the world that assess urban sustainability on various spatial levels—global, regional (especially Europe), national, or local (individual initiatives of cities). The analysis of diverse contexts around the world provides valuable information that is regionally specific [25]. For this reason, in the analysis, we will highlight not only the general findings, but also the specifics from different urban realities. For each framework, we identified its name, the organisation founding and supporting it, the geographical localisation of its use, its date of creation or initialisation, and links for further detailed information.




2.3. Content Analysis of the Selected USIFs


In the 3rd phase of our research, we examined the selected USIFs. Via a content analysis, we entered the acquired data concerning the dimensions, thematic categories, and indicators into tables. During the study, we focused on the assessment of four main areas (Figure 2) that all contributed to our research goal of creating a list of the most commonly used thematic categories and indicators. We also highlight the current trends and challenges in the domain of urban sustainability assessment.



First, we focused on the assessment of the frameworks in terms of their representation of the dimensions of sustainability. The USIFs were classified based on whether the categories and indicators were explicitly arranged within 4 dimensions (environmental, economic, social, institutional), 3 dimensions (environmental, economic, social), or were not explicitly organised in sustainability dimensions. Then, we assessed the number of incidences of the dimensions that were processed based on their content coverage by appropriate categories and indicators. The coverage of a selected dimension of sustainability was considered fulfilled if it was represented by one category or indicator.



The second analysis was focused on the identification of the thematic categories used within the selected frameworks—they were arranged according to the four dimensions of sustainability. The individual categories were defined according to the representation of the specific indicators due to the differences in terminology and names of categories in the individual works. That is why we interconnected some categories and specified alternative possibilities for their names. We will highlight these differences via examples within the results of this study and in the discussion. Categories that were found in at least two frameworks were specially marked.



The third analysis was focused on the identification of the most frequently and typically used indicators, which represented the most frequent categories of the selected frameworks. We considered categories such as those that were represented in at least one-third of the USIFs (17 and more). For the selected categories, indicators represented in at least five frameworks were selected, and differences concerning the measurement units of the indicators were allowed.





3. Results


3.1. Urban Sustainability Assessment


The set of 50 selected USIFs consists of frameworks that are focused on the assessment of the concept of urban sustainability on various spatial levels—global (cities around the world), regional (especially Europe), national, or local (individual initiatives of cities). Their representation in the selected set is almost equivalent (Figure 3). As for the time aspect, most of the selected frameworks were created after the year 2000; just three of them were compiled in the 1990s, while 27 frameworks were developed after 2010. The main initiator of urban sustainability assessment at the international level was the UN (Appendix A). In measuring progress towards sustainable urban development through global indicators, the UN intends to provide a single assessment report for all stakeholders from different countries, except indicators that will not be relevant for various reasons. The global indicators should subsequently form the core of the regional and national monitoring systems of cities, which include other indicators according to the needs and specifications of the cities [22]. The USIFs on the global level are focused on the assessment of cities with populations of over 100,000. Quantitative and qualitative indicators are used to monitor cities, and they differ slightly due to differences in data availability and unique challenges faced by each region of the world. There is a significant difference in sustainable urban development priorities between developed and developing countries, so the relevance of themes and indicators varies from city to city. International indicator systems offer a basic framework of indicators that are measurable in each city (as much as possible). Their main purpose is to compare (benchmark) cities based on the evaluated indicators.



At the same time, various initiatives have arisen to deal with the creation and assessment of USIFs in the regional and national contexts. From a long-term perspective, urban sustainability is one of the main goals of EU policies; several studies and EU organs deal with its assessment. The European USIFs are similar in nature to the global indicator systems and are mainly used to monitor capitals and major cities in Europe [26]. The issue of urban sustainability is also one of the main priorities of several states, who have developed their own national USIFs to monitor this goal. Similarly, there are initiatives on the local level (cities) where specific custom indicator frameworks are created. In both cases, specific characteristics of the countries and cities are taken into consideration.




3.2. Dimensions of Urban Sustainability Assessment


The first analysis of the selected frameworks was focused on their assessment according to the representation of the dimensions (or pillars) of sustainability (Figure 4). Most of the frameworks (30) arranged the indicators within specific thematic categories without a direct relationship to the main dimensions of sustainability. Only nine frameworks were organised within all four dimensions, and 11 frameworks were organised within three sustainability dimensions. In addition to these dimensions of sustainability, we also identified the “spatial dimension” and “cultural dimension”, which were part of the Reference Framework for Sustainable Cities (RFSC) and Toolkit for Cities. These were used in the frameworks only once—in most cases, their content was specified through different thematic categories within “traditional” sustainability dimensions (e.g., for the spatial dimension: mobility and transport, land use, housing, green space, and social infrastructure). The cultural dimension was understood mostly as a specific thematic category within the social dimension.



The other frameworks that were not explicitly organised into sustainability dimensions consisted of different thematic categories. However, they also reflected different sustainability dimensions (Figure 5).



Subsequently, we also assessed the number of incidences of single dimensions based not only on the direct organisation of frameworks according to the dimensions of sustainability, but also on the content focus of relevant categories and indicators (Table 1). The environmental dimension of sustainability was assessed within all of the selected frameworks. The second largest representation was reached by the social dimension (45), followed by the economic dimension (41). The least assessed was the institutional dimension of sustainability (24).




3.3. Thematic Categories of Urban Sustainability Assessment


The following analysis was focused on the identification of the most frequently used thematic categories within the selected USIFs (Table 2). Based on the defined criteria, we identified 38 categories. As regards their incorporation into the main dimensions, the highest number of categories was recorded for the environmental (14) and social (13) dimensions. The main problem in identifying individual categories is the inconsistency in the terminology in some categories, which often differ despite evaluating the same territory. Similarities or duplications between such categories can then only be identified based on an analysis of the relevant indicators. As part of our research, we compiled a list of categories with primary and secondary titles, which may contribute to terminological standardisation.




3.4. Indicators of Urban Sustainability Assessment


In another step of the analysis, we identified the most frequently used indicators that represented the main thematic categories of the selected frameworks (Table 3). For almost every selected category, we identified two key indicators (except for the categories of climate change, education, culture, urban planning, and governance (one indicator) and mobility and transport (three indicators)).



The environmental dimension of sustainability consists of seven main thematic categories: water, mobility and transport, waste, air quality, energy, land use, and climate change. The most frequent indicators in the “water” category were related to the assessment of the consumption of water, purification quality, and water sanitation. The number of indicators was monitored within the “mobility and transport” category —they were focused especially on monitoring the volume of daily transport, ownership of personal automobiles, modal split, traffic flow, ecological transport, and affordability of public transport. Indicators within the “waste” category were particularly focused on the production, separation, and recycling of waste. The most frequent assessment indicators of the “air quality” category were the annual mean concentration of pollutants (NO2, PM10, and PM2.5) and the number of times that the limit of pollutants (NO2, PM10, and O3) was exceeded. Within the “energy” category, most of the indicators were related to its consumption and the use of renewable resources. In the case of the “land use” category, the representation of the individual categories of using the territory of the city was assessed. Within the “climate change” category, indicators assessing the amounts of CO2 emissions in cities were monitored.



The economic dimension of sustainability consists of two main thematic categories: economy and employment. Within the “economy” category, the economic power of a city was assessed in relation to the size of the city’s product. The “employment” category was dominated by indicators monitoring local employment or unemployment in a city. Its classification was, however, not clear enough because these indicators appeared within both categories of the economic dimension of sustainability.



The social dimension of sustainability consists of eight main thematic categories: education, health, housing, safety and security, equity (social, economic), social infrastructure, green space, and culture. In the “education” category, there are significant differences in the content of the monitoring of the topic in the global and European indicator frameworks. Global frameworks deal especially with indicators that are relevant for cities in developing countries (literacy rate, school enrolment), while indicator frameworks within Europe or in developed countries focus more on the quality of education. The indicators of the “health” category specifically monitor the quality and availability of medical services. In the “housing” category, sufficient space and the economic costs of living are monitored. The “safety and security” category is mostly monitored via indicators that assess the number of the crimes and traffic accidents in the city. The last indicator mentioned is also frequently found in the “mobility and transport” and even “health” categories. Within the “equity (social or economic)” category, the distribution of income and equal opportunities for all groups of inhabitants are monitored. In the “social infrastructure” category, there are several indicators that monitor the saturation of households in terms of basic services and their accessibility. The “green space” category is mostly assessed via indicators that monitor green areas and their accessibility for inhabitants of a city. In the case of the “culture” category, public expenditure on culture is monitored.



The institutional dimension of sustainability consists of four main thematic categories: participation, urban planning, environmental management, and governance. Within the “participation” category, voter turnout and the number of civil associations in the city are the most commonly assessed. The “urban planning” and “environmental management” categories are monitored by similar indicators that most commonly assess the existence of documents for inciting sustainable and strategic urban development and the adoption of an environmental management plan. In the last category, “governance”, the management of public funds is specifically evaluated, most often through the indicator of total debt per capita of a municipality.





4. Discussion


4.1. Urban Sustainability Assessment


Indicator frameworks are useful in the process of planning and managing urban development [10,12]. The implementation and use of such frameworks can help ensure the reliable measurement of cities’ progress towards long-term sustainable development. In addition, they support informed decision making and contribute to effective communication between decision makers and the public [23,33,35]. Using indicator frameworks for policy planning provides new opportunities for transparency and efficiency, but certainly also generates new risks [34]. The whole process must be viewed not only from the scientific side, but also in its capacity as a political process [51]. Indicator frameworks of the type described here can be used in addition to the monitoring of local politics—the participants involved in the municipalities are very aware of this. Hence, there will be a tendency for parties with governmental responsibility to focus on indicators that show a positive outcome, while opposition parties pounce on any negative outcomes. A political debate about the “value” of the different thematic categories and goals represented by the indicators can arise, which is not always to the advantage of the better dissemination of the overall goal of sustainability. This can be remedied by an intensive examination of the different indicator frameworks and their relationships to the overall goal. It is also helpful if the goals and indicators are chosen step by step in a participatory process that only focuses on the usefulness of the indicator framework and not on the empirical results of a specific region [23,34,45].



The interest in the assessment of sustainability on a local level is significant, as confirmed by the increasing growth of the number of USIFs, which has been especially clearly visible over the last decade [26,38]. On the other hand, the enormous number of approaches contributes to the methodological variability of this issue. Differences may especially be found in the representation of the dimensions of sustainability, as well as the selection of thematic categories and representative indicators. Thus, cities and their policymakers face the challenge of selecting relevant indicator frameworks that best correspond to the needs and goals of their assessments [10,25]. The selection and the content analysis of indicator frameworks usually form the first phase in assessing the sustainability of cities [12,37,45]. The aim of such an analysis is to gain current knowledge about the methodologies and basic structures of the frameworks (sustainability dimensions, thematic categories, indicators) that policymakers can use as a starting point in compiling indicator frameworks for their cities. In the analysis of frameworks from diverse contexts around the world, it is necessary to consider their diversity and highlight the common characteristics and the specifics in different urban realities [13,25].




4.2. Representation of the Dimensions of Sustainability


Several authors have pointed out that in the assessment of sustainability, the equal representation of basic dimensions is important [8,25,29,48]. Nowadays, there is a model of balance among three or four dimensions of sustainability;, in addition to the environmental, economic, and social dimensions, a fourth dimension has been established: the institutional dimension. However, there are also other opinions regarding the importance of dimensions that depend on individual perspectives and goals. In many cases, the high standards of integrative and holistic approaches to the concept of sustainable development cannot be fulfilled [11,52]. In the assessment process, no dimension of sustainability should be ignored [25,48]. However, the keeping of balance and the interconnection between the dimensions are important conditions of reaching sustainable development [17,21,34]. In our analysis, we found that most (30) of the selected USIFs were not explicitly organised as per the dimensions of sustainability (Figure 4), but directly according to individual thematic categories (Figure 5). However, this phenomenon does not necessarily lower the relevance of these frameworks in the context of sustainability; this would only be the case if the individual dimensions were represented by thematic categories and indicators. The content analysis showed that the majority of USIFs covered the three traditional dimensions of sustainability (Table 1), thereby indicating an insufficient representation of the institutional dimension of sustainability and confirming the previous findings of the authors of [25,32,48]. Several challenges and issues (environmental, economic, social) require common procedures and suitable institutional conditions that will then enable the execution of specific solutions [6,16,17]. In our approach, we pointed out the suitability of the balanced representation of the content of categories and indicators within all four dimensions of sustainability, thus creating a complex urban sustainability assessment system.




4.3. Identification of the Main Thematic Categories and Key Indicators


The results of our further analysis identified the most frequently used thematic categories of USIFs (Table 2). They are related to the results of previous research in this domain [25,27,37,44,53]. Our results indicate the prioritised topics and confirm the importance of monitoring the selected categories in the assessment of urban sustainability. The main issue of identification is the difference between the individual terminologies and the names of some categories, which often differ even though they assess the same domain [22,25]. It is then possible to identify the relationships or duplicities of such categories based only on the analysis of the individual indicators. For this reason, many authors [13,25,54] suggest standardising the terminology of sustainability assessment, which would help to better clarify this issue. Within our research, we compiled a list of categories with their main and secondary names, which could contribute to a terminological standardisation (Table 2).



In another part of the research, we analysed the most frequent (with a representation of at least 1/3) thematic categories of the selected frameworks from the point of view of the representative indicators. Despite certain differences, it is possible to identify so-called headline or key indicators—they are indicated in almost every framework, or their multiple and frequent presences confirm their importance. This is why, as part of our research, we tried to compile a list of the key indicators (Table 3) that should never be absent from any USIF.



The USIFs also differ in terms of their thematic categories with the arrangement of the indicators; for example, the indicator “share of population connected to a public sewerage system and wastewater treatment system” was included in the “water” category, but also in the “housing” category. The indicator entitled “number of traffic accidents per year per 1000 inhabitants” was included in the “safety and security” category, but also in the “mobility and transport” category. Moreover, in some cases, the indicators were directly assigned to a dimension without being arranged in a thematic category.



Other differences among the indicators’ representation were seen between the frameworks of developing states and to those of states considered to be developed. For this reason, it is important to take the relevance of the geographical space into consideration in the selection. There are significant differences in the priorities of developed and developing countries, and the relevance of categories and indicators in cities differs. In developed countries, environmental categories and indicators are overrepresented, while in developing countries, there are mostly social and economic categories and indicators [13,25,37,53]. Based on historically uneven economic development, developing countries prioritise the economic and social dimensions of development (at the expense of environmental quality). In contrast, developed countries focus mainly on the protection and quality of the environment [6].



Despite the possible definitions of the most commonly used thematic categories and the key indicators of urban sustainability, the selection of categories and indicators for the framework depends mainly on the assessment of other criteria, such as the relevance of categories and indicators for a city’s goals, the availability of data, etc. It is important to take into consideration the specific needs of cities [12,34,46]. In addition, the issue of subjectivity remains relevant, and this has been considered by several authors [17,35,39,55].




4.4. Limitations of the Study


In our research, we analysed 50 global and European USIFs that are available in English and German. These frameworks were selected based on predetermined criteria that allowed the creation of a representative and flexible list for a content analysis. At present, there are probably hundreds of different USIFs that include a high number of slightly different thematic categories and indicators (and are available in different languages) [10,25]. For this reason, the results of our analysis cannot be considered exhaustive—however, we consider them to be sufficiently representative.



The use of the structure of a USIF with four dimensions of sustainability and the most commonly used thematic categories and key indicators increase the clarity and could ensure a balanced representation of categories and indicators across all selected sustainability dimensions. On the other hand, they do not guarantee a mutual integration of all dimensions, which is essential for achieving sustainable development [11,17,21,27].



The list of the most frequently used thematic categories and key indicators allows policymakers to get an up-to-date overview of these issues and could serve as a starting point for the creation of a new indicator framework for a given city. However, not all categories and indicators are relevant for each city; therefore, it is always necessary to take the specific conditions and goals of the city into consideration [12,46].



Our research is not an example of a USIF assessment in a specific city, but focuses on the analysis of the content of various frameworks. The whole process is rather “idealised” and is based on one dominant criterion—the frequency of use of the dimensions, categories, and indicators within the selected frameworks. We tried to point out the importance of certain categories and indicators within selected USIFs. However, the selection of categories and indicators for a specific framework in a given city also depends on the assessment of other criteria, such as the relevance of categories and indicators for the city’s goals, the availability of data, etc. [12,34,42,46]. Therefore, a balanced and comprehensive approach often cannot be or is not used in real cases.




4.5. Insights into Further Research


The monitoring of urban sustainability poses a challenge for policymakers in terms of the selection of relevant thematic categories and indicators. This process will require meeting certain criteria based on both scientific soundness and practical feasibility. Therefore, further research will be needed in order to propose a comprehensive procedure for creating an urban sustainability indicator framework that is transparent, methodologically correct, clearly justified, and generally usable. Such a procedure should be based on the analysis of different frameworks, general guidelines, and recommendations of relevant authors dealing with the issue of urban sustainability assessment.



In particular, the following methodological issues should be resolved: (1) the criteria for the selection of thematic categories and indicators, (2) feasible/optimal numbers of indicators within thematic categories, (3) the participation of stakeholders in the creation of frameworks (selection of thematic categories, goals, and indicators), (4) the structure and content of the indicators’ methodological sheets, and (5) the methodology for the final evaluation and interpretation of the indicators.





5. Conclusions


The assessment of sustainability on the local level via USIFs represents an up-to-date and important process that contributes to the attainment of the defined goals of sustainable development. Based on the assessment of the indicators, we can transfer the discussion from abstract formulations to specific goals that fulfil the suppositions for achieving sustainable development on various levels. As of now, hundreds of USIFs have come into existence, but they often do not have sufficient support for their application in practice. If we want to build sustainable cities, it is important to implement monitoring of the decision-making process so that responsible parties and policy authors can design the required changes.



For our research, we analysed 50 USIFs that we selected based on predetermined criteria. We presented the results as a summary of the status of the issues of urban sustainability assessment. Based on the analysis of the content of the selected frameworks, we compiled a list of generally recognised thematic categories within the four sustainability dimensions and identified key indicators of urban sustainability. The presented framework can be used in the process of evaluating sustainable urban development and especially in identifying the main categories and key indicators. The list of the most commonly used thematic categories and key indicators can allow policymakers to formulate an up-to-date overview of an issue and can serve as a starting point for the creation of indicator frameworks for their cities. This paper provides guidance for policymakers on how to proceed during the initial phase of the urban sustainability assessment process and “not get lost” in the dozens of different USIFs, which provide a high number of thematic categories and indicators. However, we have to point out that even if there is some possibility of a standardisation of procedures for determining the main categories and indicators of sustainability, it is always necessary to take the specific conditions and goals of a city into consideration.
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Table A1. The list of the analysed urban sustainability indicator frameworks.
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Framework

	
Organisation

	
Locations

	
Year

	
Read More






	
01

	
Global Urban Indicators

	
UN-Habitat

	
Cities around the world

	
2006

	
https://unhabitat.org (accessed on 1 March 2021)




	
02

	
City Prosperity Index

	
City Prosperity Initiative (UN-Habitat)

	
Cities around the world

	
2012

	
https://cpi.unhabitat.org (accessed on 1 March 2021)




	
03

	
Global indicator framework for the SDGs

	
UNSD (IAEG-SDGs)

	
Cities around the world

	
2017

	
https://unstats.un.org/sdgs/indicators (accessed on 1 March 2021)




	
04

	
Urban environmental indicators (Green Growth in Cities)

	
Green Cities Programme OECD

	
Cities around the world

	
2013

	
https://www.oecd.org (accessed on 1 March 2021)




	
05

	
Global City Indicators

	
Global City Indicators Facility (University of Toronto)

	
Cities around the world

	
2008

	
https://www.daniels.utoronto.ca (accessed on 2 March 2021)




	
06

	
Green City Index

	
Siemens

	
Cities around the world

	
2009

	
https://apps.espon.eu (accessed on 2 March 2021)




	
07

	
Toolkit for Cities

	
Sustainable Cities International

	
Cities around the world

	
2012

	
https://www.mayorsinnovation.org (accessed on 2 March 2021)




	
08

	
One Planet Living (One Planet Cities)

	
Bioregional

	
Cities around the world

	
2017

	
https://www.bioregional.com (accessed on 2 March 2021)




	
09

	
International Ecocity Framework and Standards

	
Ecocity Builders

	
Cities around the world

	
2012

	
https://ecocitystandards.org (accessed on 3 March 2021)




	
10

	
Urban Sustainability Framework

	
Global Platform for Sustainable Cities (World Bank)

	
Cities around the world

	
2016

	
https://www.thegpsc.org (accessed on 3 March 2021)




	
11

	
Indicators for City Services and Quality of Life (ISO 37120)

	
The World Council on City Data

	
Cities around the world

	
2014

	
https://www.dataforcities.org (accessed on 3 March 2021)




	
12

	
Sustainable Cities Index

	
Arcadis

	
Cities around the world

	
2018

	
https://www.arcadis.com (accessed on 3 March 2021)




	
13

	
Urban Sustainability Indicators

	
Eurofound

	
Cities in Europe

	
1998

	
https://www.eurofound.europa.eu (accessed on 3 March 2021)




	
14

	
European Common Indicators

	
European Commission

	
Cities in Europe

	
2002

	
http://www.gdrc.org (accessed on 4 March 2021)




	
15

	
List of indicators from the project TISSUE

	
European Commission

	
Cities in Europe

	
2005

	
https://cordis.europa.eu (accessed on 4 March 2021)




	
16

	
List of indicators from the project STATUS

	
European Commission

	
Cities in Europe

	
2006

	
https://www.researchgate.net (accessed on 4 March 2021)




	
17

	
Urban Ecosystem Europe

	
ICLEI, Ambiente Italia

	
Cities in Europe

	
2007

	
http://www.dexia.com (accessed on 4 March 2021)




	
18

	
The European Green Capital Award

	
European Commission

	
Cities in Europe

	
2010

	
https://ec.europa.eu (accessed on 4 March 2021)




	
19

	
European Green Leaf

	
European Commission

	
Cities in Europe

	
2015

	
https://ec.europa.eu (accessed on 4 March 2021)




	
20

	
Urban Metabolism Framework

	
European Environment Agency

	
Cities in Europe

	
2011

	
http://ideas.climatecon.tu-berlin.de (accessed on 8 March 2021)




	
21

	
Urban Audit Cities Statistics

	
Eurostat

	
Cities in Europe

	
1999

	
https://ec.europa.eu (accessed on 8 March 2021)




	
22

	
BRIDGE Decision Support System (DSS)

	
14 Organisations from 11 EU countries

	
Cities in Europe

	
2011

	
https://www.worldscientific.com (accessed on 8 March 2021)




	
23

	
Indicators to assess cities’ livability

	
Faculty of Engineering, The University of Porto

	
Cities in Europe

	
2015

	
https://www.researchgate.net (accessed on 8 March 2021)




	
24

	
Reference Framework for Sustainable Cities—RFSC

	
European Commission

	
Cities in Europe

	
2008

	
http://rfsc.eu (accessed on 8 March 2021)




	
25

	
Indicators of Emerging and Sustainable Cities Initiative

	
Inter-American Development Bank (IDB)

	
Cities in Latin American and Caribbean

	
2010

	
https://www.iadb.org (accessed on 8 March 2021)




	
26

	
China Urban Sustainability Index

	
Urban China Initiative

	
Cities in China

	
2010

	
http://www.urbanchinainitiative.org (accessed on 8 March 2021)




	
27

	
ACF Sustainable Cities Index

	
Australian Conservation Foundation (ACF)

	
Cities in Australia

	
2010

	
https://www.acf.org.au (accessed on 8 March 2021)




	
28

	
STAR Community Rating System

	
STAR Communities, U.S. Green Building Council

	
Cities in the United States of America

	
2008

	
http://www.starcommunities.org (accessed on 9 March 2021)




	
29

	
Toolkit for Cities

	
Government of Canada, Sustainable Cities International

	
Cities in Canada

	
2011

	
https://www.scribd.com (accessed on 9 March 2021)




	
30

	
Urban Sustainability Indicators

	
Sustainable Cities Program

	
Cities in Brazil

	
2012

	
https://www.cidadessustentaveis.org (accessed on 9 March 2021)




	
31

	
Cercle Indicateurs

	
Federal Office for Spatial Development (ARE), Federal Statistical Office

	
Cities in Switzerland

	
2003

	
https://www.bfs.admin.ch (accessed on 9 March 2021)




	
32

	
The methodology for evaluating sustainable development of small towns

	
Healthy Cities, Towns, and Regions of the Czech Republic, Charles University

	
Cities in the Czech Republic

	
2017

	
https://www.healthycities.cz (accessed on 9 March 2021)




	
33

	
CASBEE for Cities

	
Japan Sustainable Building Consortium (JSBC)

	
Cities in Japan

	
2011

	
http://www.ibec.or.jp (accessed on 9 March 2021)




	
34

	
Monitor Nachhaltige Kommune: Bericht 2016—Teil 1

	
Bertelsmann Stiftung, German Institute of Urban Affairs

	
Cities in Germany

	
2016

	
https://difu.de (accessed on 9 March 2021)




	
35

	
SDG-Indikatoren für Kommunen

	
Bertelsmann Stiftung, German Institute of Urban Affairs, BBSR, DLT, DST, DStGB, SKEW

	
Cities in Germany

	
2018

	
https://www.bertelsmann-stiftung.de (accessed on 9 March 2021)




	
36

	
Sustainability Evaluation Metric for Policy Recommendations

	
Environmental Protection Agency (EPA)

	
Cities in Ireland

	
2016

	
http://www.epa.ie (accessed on 9 March 2021)




	
37

	
Set of sustainable development indicators for Slovak cities

	
Regional Environmental Centre Slovakia

	
Cities in the Slovak Republic

	
2005

	
https://www.researchgate.net (accessed on 10 March 2021)




	
38

	
Leitfaden N!-Berichte für Kommunen

	
FEST—Institut für interdisziplinäre Forschung

	
Cities in Baden-Württemberg (Germany)

	
2015

	
https://www.fest-heidelberg.de (accessed on 10 March 2021)




	
39

	
LISL—Lokales Indikatorensystem für dauerhafte Lebensqualität

	
Upper Austria

	
Cities in Upper Austria

	
2004

	
https://www.land-oberoesterreich.gv.at (accessed on 10 March 2021)




	
40

	
Sustainability monitoring in the City of Zurich

	
City of Zurich Urban Development, Department of the Mayor

	
Zurich

	
2004

	
https://www.stadt-zuerich.ch (accessed on 10 March 2021)




	
41

	
Nachhaltigkeitsbericht für Ludwigshafen am Rhein

	
City of Ludwigshafen am Rhein

	
Ludwigshafen am Rhein

	
2017

	
https://ludwigshafen.de (accessed on 11 March 2021)




	
42

	
Nachhaltigkeitsbericht der Stadt Mannheim

	
Mannheim, FEST

	
Mannheim

	
2016

	
https://www.mannheim.de(accessed on 11 March 2021)




	
43

	
Hamburger Entwicklungs-INdikatoren Zukunftsfähigkeit

	
Zukunftsrat Hamburg

	
Hamburg

	
2003

	
https://www.zukunftsrat.de (accessed on 11 March 2021)




	
44

	
Indikatoren für eine nachhaltige Stadtentwicklung

	
Office citizen participation and Local Agenda 21, Gießen

	
Gießen

	
2004

	
https://www.giessen.de (accessed on 11 March 2021)




	
45

	
Nachhaltigkeitsindikatoren Linzer Agenda 21

	
City of Linz

	
Linz

	
2007

	
https://www.linz.at (accessed on 12 March 2021)




	
46

	
Milanówek’s sustainable development indicators

	
Jagiellonian University, Warsaw University

	
Milanówek

	
2012

	
https://papers.ssrn.com (accessed on 12 March 2021)




	
47

	
Indicators for sustainable development of small towns

	
Vidzeme University of Applied Sciences, Maynooth University

	
Valmiera

	
2013

	
https://www.sciencedirect.com (accessed on 12 March 2021)




	
48

	
Indicators of Sustainable Community

	
Sustainable Seattle

	
Seattle

	
1993

	
https://www.sustainableseattle.org (accessed on 12 March 2021)




	
49

	
London’s Quality of Life Indicators

	
London Sustainable Development Commission

	
London

	
2004

	
https://data.london.gov.uk (accessed on 12 March 2021)




	
50

	
Key Performance Indicators for the Sino-Singapore Tianjin Eco-city

	
Singapore and Chinese Governments

	
Sino-Singapore Tianjin Eco-city

	
2008

	
https://www.mnd.gov.sg (accessed on 12 March 2021)
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Figure 1. Scheme of the research methodology. 
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Figure 2. Content analysis of the 50 selected USIFs. 
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Figure 3. Spatial aspect of the selected USIFs. 
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Figure 4. Organisation of the selected frameworks within the dimensions of sustainability. 
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Figure 5. The most frequently used thematic categories of frameworks that did not follow the four sustainability dimensions. 
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Table 1. Content coverage of the dimensions of sustainability within the selected frameworks.
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	Dimension
	Number of Frameworks





	Environmental
	50



	Social
	45



	Economic
	41



	Institutional
	24
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Table 2. The most frequently used thematic categories within the selected frameworks.
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Dimensions

	
Thematic Categories

	
Number of Frameworks






	
Environmental

	
Water (water use, consumption, quality, management)

	
39




	
Mobility and transport

	
39




	
Waste (waste management, responsible or material consumption)

	
34




	
Air quality

	
33




	
Energy

	
31




	
Land use (land and nature, spatial development)

	
29




	
Climate change (global responsibility)

	
21




	
CO2 emissions

	
16




	
Noise

	
16




	
Biodiversity

	
15




	
Environment

	
7




	
Natural disaster

	
6




	
Ecological footprint

	
5




	
Soil

	
3




	
Economic

	
Economy (economic development, performance, growth, strength)

	
37




	
Employment (unemployment, jobs, labour force)

	
28




	
Global appeal (economic relations, tourism)

	
10




	
Economic structure

	
6




	
Materials and products

	
3




	
Social

	
Education

	
33




	
Health

	
27




	
Housing (shelter)

	
26




	
Safety and security

	
25




	
Equity (social or economic)

	
25




	
Social infrastructure (sanitation, social services, buildings)

	
25




	
Green space (public space, recreation)

	
23




	
Culture

	
21




	
Technology and Innovation

	
14




	
Wellbeing

	
13




	
Demography (population)

	
13




	
Poverty

	
12




	
Social inclusion

	
11




	
Institutional

	
Participation (civic engagement)

	
21




	
Urban planning (urban design or form)

	
19




	
Environmental management

	
17




	
Governance

	
17




	
Finance

	
13




	
Transparency

	
3
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Table 3. The most popular indicators of sustainability within the selected thematic categories.
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Dimension

	
Thematic Categories

	
The Most Popular Indicators

	
Number of Frameworks






	
Environmental

	
Water

	
Domestic water consumption (litres/capita/day/year)

	
32




	
Share of population connected to a public sewerage system and wastewater treatment system (%)

	
21




	
Mobility and transport

	
Modal split—percentage distribution of average daily journeys: on foot, public transport, motorised private transport, and bicycles

	
26




	
Motorisation rate—number of personal automobiles per capita

	
16




	
Total length of bicycle lanes in km per 1000 inhabitants

	
12




	
Waste

	
Municipal waste generated—in kg per capita

	
34




	
Municipal waste recycling rate (%)

	
30




	
Air quality

	
Annual mean concentrations of air pollutants: NO2, PM10, PM2.5 (µg/m3)

	
35




	
Number of times that the limit of pollutants the NO2, PM10, O3 is exceeded

	
30




	
Energy

	
Share of a city’s total energy consumption that comes from renewable sources as a share of the city’s total energy consumption (%)

	
28




	
Total consumption of electricity in kWh per capita

	
21




	
Land use

	
Shares of built-up area, forest, water, agricultural land, and other areas of the total city area (%)

	
30




	
Share of protected nature areas of the total city area (%)

	
9




	
Climate change

	
Total CO2 emissions (tCO2/capita/year)

	
36




	
Economic

	
Economy

	
City product per capita

	
21




	
Number of businesses per 1000 inhabitants

	
12




	
Employment

	
Unemployment rate (%)

	
26




	
Employment percentage change since base year (%)

	
23




	
Social

	
Education

	
Early childhood education—children under six years of age who are enrolled in early childhood education programs (%)

	
11




	
Health

	
Life expectance at birth (male/female)

	
16




	
Number of physicians and nursing personnel per 1000 inhabitants

	
13




	
Housing

	
Housing costs—% of the total disposable household income

	
13




	
Average living area per person (m2)

	
11




	
Safety and security

	
Number of crimes reported annually per 1000 inhabitants

	
28




	
Number of traffic accidents per year per 1000 inhabitants

	
14




	
Equity (social, economic)

	
Income distribution (Gini Coefficient)

	
15




	
Share of women and ethnic minorities in local government (%)

	
13




	
Social infrastructure

	
Connection to services—percentage of households are connected to piped water, sewerage, electricity, gas distribution network, and broadband internet (%)

	
16




	
Percentage of population living within 500 m of basic public services (%)

	
9




	
Green space

	
Green area within the city (forests, parks, gardens, etc.) per inhabitant (m2/inhabitant)

	
26




	
Percentage of inhabitants living within 300 m or 15 min walk from public green space > 5000 m2 (%)

	
10




	
Culture

	
Public expenditure on culture per 1000 inhabitants

	
10




	
Institutional

	
Participation

	
Voter turnout—% of adult population who voted in the last municipal, presidential, national, and EU parliamentary elections

	
20




	
Civic associations—number of voluntary non-profit organisations, including NGOs and political, sporting, or social organisations, registered or with premises in the city, per 1000 inhabitants

	
8




	
Urban planning

	
Existence of documents for inciting sustainable and strategic urban development

	
7




	
Environmental management

	
Number of enterprises and public and non-governmental organisations with certified Environmental Management Systems (IS014001/EMAS)

	
15




	
Share of eco-labelled products in public procurement by city authorities

	
7




	
Governance

	
Total debt per capita of a municipality (in euros)

	
15
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