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Abstract

:

Our research aim was to define possible AI-based solutions to be embedded in the Greencoin project, designed as a supportive tool for smart cities to achieve climate neutrality. We used Kamrowska-Załuska’s approach for evaluating AI-based solutions’ potential in urban planning. We narrowed down the research to the educational and economic aspects of smart cities. Furthermore, we used a systematic literature review. We propose solutions supporting the implementation process of net zero policies benefiting from single actions of urban dwellers based on the Greencoin project developed by us. By following smart city sectors, the paper introduces AI-based solutions which can enrich Greencoin by addressing the following needs: (1) shaping pro-environmental behaviors, (2) introducing instruments to reinforce the urban management process, (3) supporting bottom-up initiatives allowing to shape urban resilience, (4) enhancing smart mobility, (5) shaping local economies supporting urban circularity, and (6) allowing better communication with residents. Our research fills the gap in the limited group of studies focused on shaping climate awareness, enhancing smart governance, and supporting social participation and inclusion. It proves that AI-based educational tools can be supportive when implementing adaptation policies toward climate neutrality based on our proposed AI-based model shaping climate awareness.
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1. Introduction


AI is considered today as a tool allowing to achieve sustainable goals [1,2]. Therefore, urban planning these days has evolved towards advancing the use of digital and AI-based tools to respond to urgent urban challenges [3]. Nevertheless, despite the increasing knowledge on the potential of artificial intelligence in shaping urban processes, the number of such AI-based tools remains limited [4]. At the same time, the role of the smart cities concept plays a key role in managing contemporary urban processes. However, to ensure the progress of its implementation, we need to consider climate change mitigation, shaping a healthy urban environment, and anticipating low-carbon technologies [5].



In response to such a challenge, there is a potential solution, according to Giffinger [6], in the smart city concept, which comprises all of these aspects. It additionally involves integrated data collection, sensing, networking and the impact of new social media, mobility, and travel behavior [7].



Based on the aforementioned considerations, the following questions arise:




	
Can AI-based tools enable education on the net zero city, allowing to shape climate change awareness toward building healthy urban environments?



	
Can such a solution, when embedded in the smart city policy implementation process, ensure pro-environmental behaviors of urban dwellers?








Therefore, the main aim of this research was to define possible AI-based solutions to be embedded in the Greencoin cybernetic system, designed as a supportive tool for smart cities to achieve climate neutrality. The assumption was to introduce solutions presenting the implementation process of climate neutrality policies that can benefit from single actions of urban dwellers and the potential impact of such an approach on urban resilience. When using Greencoin and educating by showing the results of joint efforts, we can engage residents and shape pro-environmental behaviors.



Depending on the functionalities, Greencoin can influence all sectors of the smart city concept defined by Giffinger et al. [6,8]. Therefore, the main aim of the research was further fulfilled with the following sub-aims:




	
Recognize existing AI-based tools that can be considered supportive while shaping pro-environmental behaviors in the following fields: (1) smart people—smart education; (2) smart mobility; (3) smart living—social participation; (3) smart environment—urban adaptability and resilience; (4) smart economy—circularity, sustainable development, and green economy; (5) smart governance—digital twin concept and improved communication.



	
Evaluate solutions which can be considered influential on climate change and climate neutrality education in smart cities.



	
Perform in-depth analyses of AI-based solutions recognized as the most beneficent and most suitable for the Greencoin design to introduce in the conceptual model.








To ensure we deliver a concept for a tool supporting urban sustainability, a smart economy, and a smart digital city, we used Kitchenham’s [9,10] and the PRISMA [11] methodology and the SLR approach for our model creation.



Such a solution was designed with the aim to include AI-based functionalities to support the process of shaping the pro-environmental behaviors of urban dwellers. However, to become a tool enabling urban adaptability and the shift toward carbon neutrality, it needs to be embedded in the educational processes tackling all aspects of smart city development with the use of AI [6,8]. Therefore, we are designing a Greencoin tool that will operate based on an application so that, through its educational dimension, its action will bring social impact and behavioral change in terms of climate mitigation. Additionally, we will use the capacities and scope of technologies that allow to reach a larger target group of urban dwellers, anytime and anywhere, and support them in changing their behaviors towards ecological awareness and care.



Figure 1 illustrates the research idea. Based on the initial literature review, we assumed that artificial intelligence (AI) application combined with the education process (ED) could influence the shape of smart city indicators (SCIs), expand knowledge about climate neutrality (RKCN), and jointly influence pro-ecological behavioral change (BC). At the same time, the AI*ED interaction can affect the relationship between SCIs, RKCN, and BC. On the other hand, SCI, RKCN, and BC data can influence the AI*ED interaction, which is based on assumptions about AI self-learning. The results of our research can be included as Greencoin functionalities.



To respond to the questions and aims addressed above, the paper is structured as follows: Section 1 introduces the topic, Section 2 summarizes the theoretical framework and establishes the research gap, and Section 3 focuses on the research aims and methodology. Section 4 presents the empirical study results covering the case studies under the following topics: smart people, smart mobility, smart living, smart environment, smart economy, and smart governance. The crucial part is an introduction to the AI-based solution shaping the climate awareness model. Section 5 is devoted to the discussion, while Section 6 concludes the study.




2. Literature Review


Many authors have noted that an increase in the global mean temperature will lead to climate change—from heat and drought to more excellent spells and violent storms, more intense floods, forest fires, and plant extinctions—which requires a shift toward pro-environmental behaviors of urban dwellers [12]. Such changes cause adverse effects on urban life and human health, mainly through air pollution from the combustion of fossil fuels. There may be increased respiratory rate disturbances due to the increase in the frequency of smog (ground-level ozone) and airborne dust pollution. Ground-level ozone can damage lung tissue and is especially harmful to people with asthma and other chronic lung diseases [13]. There are also indirect effects related to climate-induced physical and social systems changes.



City dwellers exposed to adverse socio-behavioral and socioeconomic conditions become susceptible to environmental impacts and experience diminished health outcomes. There are relationships between the built environment (e.g., housing and transport infrastructure) and indoor air pollution and its effects on quality of life (physical and mental) [14]. Urban dwellers perceive the manifestations of climate change that can affect their physical and mental health [15]. Therefore, it is crucial to know and be aware of it and to change behavior to be more environmentally friendly, not only at the level of the local authorities but also at the individual level.



Urban areas today need to implement healthy city concepts, including low-carbon planning and design policies toward urban resilience. It can be achieved through improved public traffic systems, green open space planning, urban energy-saving initiatives, low-carbon economic strategies, ecological research, and the development of new technology applications that provide a model for climate neutrality and social engagement [16].



We argue that using all education methods with communication and information technologies, especially artificial intelligence, can reduce the environmental pollution in cities [4]. Therefore, there is a need for a solution which would allow for shaping climate change awareness. This can be achieved if such an AI-based tool is designed to serve the smart city concept, as it is proven that such an approach would need to move beyond urban cybernetics to tackle current challenges [3,4]. The idea of how to accelerate such an approach is described below.



2.1. The Role of the Smart City Concept


The smart city approach, as implemented worldwide, brings a creative mix of emerging technologies and open innovations that are changing the ways policy-makers develop strategies enhancing the quality of life of citizens [17]. It has introduced new opportunities for city administrators and stakeholders in various sectors to rethink the concepts of urbanization and the development of healthy cities [18]. Moreover, smart and healthy cities are associated with low-carbon economy solutions dependent on adequate resources, green building, and low-carbon technologies’ implementation, among others [19,20]. Information technology solutions can respond to the emerging challenges of the urban health environment [21]. Many demonstrators anticipating the paradigm shifts toward smart cities have been introduced worldwide [22,23]. However, the smart city approach must incorporate low-carbon technologies to move toward urban climate neutrality [5].



It proves that smart cities’ infrastructure should take into account the minimization of the specific problems of the modern world, namely unfavorable climate change and the need to diminish emissions [24]. For their better development and to counteract climate change, smart cities should use AI and the amenities of the Internet of Things (IoT). IoT means that some of the things we use can access the Internet (so-called intelligent/smart things). Anything connected to a processing unit (microcontroller) and connected to the Internet is considered an element of the IoT world. The first step in building an IoT device is figuring out how it will communicate with the rest of the world.




2.2. Knowledge-Based Development Enhanced with AI


At the same time, the interest in using AI for urban innovation continues to grow [25]. The role of AI-based solutions and their potential in the process of shaping smart cities has been widely discussed [3,4,26]. It is no longer understood simply as collecting data and building from its comprehensive knowledge of the complex operation of a city. The infrastructure of modern cities needs to be supported by efficient information and communication technologies [27]. Sustainability-oriented urban projects consider digital tools as supporting smart development and management [28]. The current research on the smart cities approach emphasizes the need for unified assessment models for AI and big data processing within the urban space to mitigate climate change, e.g., by decarbonization, building energy efficiency, and estimating urban energy systems, but also, more importantly, to deliver tools for policy-makers to shape a high quality of life [29].



AI not only contributes to the development of smarter cities but primarily focuses on data analytics, education, environmental sustainability, health, security, transport, and urban management areas [30]. Different studies prove that there is a need to design environments by responding through technology to current educational challenges and enhancing learning processes [31,32,33,34,35]. Such an approach results from increasing the presence of AI in all aspects of human activity [35,36,37]; hence, researchers have provided comprehensive studies of technologies enhancing the inclusiveness and smart education of societies [36,37,38]. The increasing interest in artificial intelligence for innovative solutions and human-like intelligence results from its cognitive abilities, learning, adaptability, and decision-making capabilities [39]. They prove that AI technology can help education systems use data to improve educational equity and quality in the developing processes [35]. McArthur et al. [40] argue that the appropriate use of new technologies can lead to valued educational outcomes.




2.3. The Role of AI in Smart Urban Development


Artificial intelligence (AI) is the ability of machines, computer programs, and systems to carry out intellectual and creative functions, solve problems, draw conclusions, and make decisions. AI tools, including machine learning, deep learning, and predictive analytics, increase the ability to plan, learn, reason, think, and take actions, particularly aimed at finding ways to accelerate climate neutrality [41].



Studies have explored whether building artificially intelligent cities can safeguard humanity from natural disasters, pandemics, and other catastrophes [42], especially when climate change, overpopulation, and the squandering of resources pose problems of such magnitude that they require a change in the trend to mitigate their effects. Therefore, many solutions based on IoT can be found which allow the prediction of climate conditions [43]. Such possibilities can enhance society’s awareness and, on the bases of new digital solutions, educate people about the challenges of climate change as well as further establish a base for efficient urban development [44]. Rapid technological developments, including key features such as AI, the Internet of Things, 5G networks, and the increasing level of connectivity between everyday objects, contribute remarkably to reducing climate change [45].



With such potential, AI applications have also started to become an integral part of many urban services [30], especially when AI was recognized as a supportive tool for shaping city structures and the behavior of residents based on a rational decision-making system [46]. AI can establish a base for a people-centric approach where smart technologies are employed as tools to tackle social problems, address resident needs, and foster collaborative participation [47]. The social dimensions of evidence-based policy in a digital society have become the research focus of many studies [46]. However, the solutions should not be implemented as top-down initiatives imposed by the authorities and city administrators. Above all, they should be applied as bottom-up initiatives, involving the residents themselves, who best understand urban challenges [48].




2.4. AI-Based Tools Shaping Eco-Awareness


With this understanding, the intention of this study was to develop the concept of the Greencoin cybernetic system which, when enriched with AI-based technologies, will become an educational tool for urban dwellers, contributing to the process of shaping urban smartness. It aims to tackle the challenge of involving residents in the process of mitigating climate change and shaping urban adaptability. Therefore, our work is based on the research of Giffinger et al. [6,8], which defines six sectors of the smart city concept which we further link with the challenge of shaping climate-adaptive and net zero policies:




	
Smart people—smart education: shaping pro-environmental behaviors with the use of AI-based tools.



	
Smart mobility: shaping urban walkability and enhancing ecological transportation choices to diminish carbon emissions.



	
Smart living—social participation: considering AI-based tools as supportive instruments in the process of urban management and using them while shaping a participatory approach and shaping climate neutrality policies.



	
Smart environment—urban adaptability: developing AI-based tools responding to climate change while simultaneously supporting bottom-up initiatives allowing to shape urban resilience.



	
Smart economy—circularity: searching for AI-based tools which can be considered supportive when shaping local economies to be based on sustainable growth, short supply chains, and local products and services as well as a circular economy.



	
Smart governance: AI-based tools embedded in the digital twin concept, allowing better communication with residents and explaining urban processes.









2.5. Research Gap and Motivation


An initial Scopus search was conducted before the research was structured. Its results allowed us to identify a current research gap in the literature to be filled. Previous studies have proved that while initial research could be partially used in the empirical analysis, it is indeed a useful tool to identify research gaps for further, more detailed research investigations (e.g., [49,50]). Moreover, the Scopus database was chosen for the detailed research analysis because it is considered representative, reliable, and scientifically grounded and covers reputable publishing houses such as Emerald, Elsevier, IEEE, T&F, and Springer [51,52,53].



This initial work has proven that AI-based tools are widely discussed in the context of the implementation of smart city policies. A random search of keywords related to the scope of research presented many uses of artificial intelligence defined so far; there is a limited group of studies introducing the possibilities of using AI-based tools for mitigating climate changes (33), shaping climate awareness (16), supporting social participation (185), shaping smart governance (64), and social inclusion (126). The proportions are presented in Figure 2. It shows a gap and the importance of developing AI-based tools in the urban context as their role in shaping sustainability has been proven [2].





3. Methods


The paper describes the eight steps of research, while the study aims are linked with recognizing the useability of AI-based tools in all sectors of the smart city concept defined by Giffinger [6]. Figure 3 shows the general aim of the study, the methodological approach, and the research process itself, and it explains the structure of empirical studies.



The methodological approach is based on Kamrowska-Załuska’s study [54] evaluating the potential of AI-based solutions in urban planning. We narrowed down the study to the educational aspects of a smart city. We used qualitative methods [55], such as a systematic literature review [9,10,11], critical literature analysis, the method of competent judges [56,57], case studies [58], and the construction of a theoretical model based on SLR.



3.1. Model Building


Our study is qualitative by nature and is based on a review and analysis of the available secondary data. Our systematic literature review was based on the works of Kitchenham [9,10] and Page et al. [11], with the study flowchart depicted in Figure 4. We carried out the following steps to build a named theoretical model. Diagram 1 allows for navigating through the eight-step process. We built the model building procedure concerning checklist items (Appendix A).




3.2. SLR to Search for AI-Based Tools Embedded in the Fields Defining the Smart City Approach


The first step determined the data sources and search strategy. In the initial phase of the SLR, we used the following databases: Google Scholar, Scopus, Web of Science, EBSCO, Elsevier ScienceDirect, Emerald, Taylor & Francis, ProQuest Central, and Wiley [60].




3.3. Selection Criteria


The second stage of model construction defined the search criteria. Following Kitchenham [9,10] and Page et al. [11], we adopted keywords for the literature search through critical literature analysis and substantive discussion among the authors and defined six separate search queries corresponding to the sectors of the smart city concept [6,8] (see Table 1, rows 1–3).



In the third stage, we established criteria for including more literature items, as follows:




	
(IC1) Peer-reviewed journal articles;



	
(IC2) Documents written in English;



	
(IC3) Relevant to the scope of the study: smart city (one of 6 sectors), climate change, artificial intelligence, the use of AI-based solutions;



	
(IC4) Documents concerning case studies in the areas mentioned above.








In stage four, we defined criteria for excluding literature items:




	
(EC1) Editorial material, review, language, duplicated studies;



	
(EC2) The paper does not present a model of an AI-based solution nor the process of shaping climate change awareness;



	
(EC3) It is not a case study in the areas mentioned above;



	
(EC4) The full version of the document is not available through subscription to institutions or associations of which we are members;



	
(EC5) The paper has no citation records;



	
(EC6) The paper appears in 0–2 databases only.








In step five, to guard against the risk of bias—that is, a systematic error that can lead to erroneous results and conclusions in the design, conduct, or analysis of a study—we first excluded duplicates and then used the method of competent judges [56,57,61]. The case study selection procedure, inclusion and exclusion criteria application, and research questions’ formulation were carried out during semi-structured discussions between the authors of this paper and four experts in the field.




3.4. Initial SLR Results


Table 1 describes the initial results from the above-mentioned process.



Row 1 represents smart city sectors, and row 2 consists of generic keywords relevant to the scope of the study: smart city, climate change, and artificial intelligence. As presented in rows 4–12, the Google Scholar database allowed us to find the highest number of case studies corresponding with the keywords, and the most limited number was found on the Web of Science. The blue fields show the concepts with the highest number of publications in each group. The table shows a limited number of studies on climate-related research using AI embedded in the smart city concept. The most common area of focus in the studies was on using AI-based solutions in shaping smart mobility, which is why we have identified it as the best explored topic. However, the field of smart mobility is inextricably linked to the other areas analyzed, which is why we have included it in our analysis.




3.5. Case Studies Analyses


In stage six, we focused only on AI-based tools embedded in the smart city concept that can be considered supportive in the process of (1) mitigating climate change, (2) shaping climate neutrality awareness, and (3) enhancing pro-ecological behaviors. To build a model, we defined detailed (compared to those addressed in the introduction) research questions. In the first review stage, we clearly defined the detailed research questions (RQ1) and (RQ2) as the points to be answered:




	
(RQ1) What variables can be used for creating a model of an AI-based solution?



	
(RQ2) What variables can be moderators, and what relationships can they influence?








Stage seven was related to data extraction and analysis and selected items. The summary of the evaluation is in Table 2. Variables for the model, such as dependents, independents (predictors), and possible moderating variables, were selected based on theoretical analysis. Following Kamihira and Yasuoka [62], we presented the model descriptively in a graphical diagram with the variables extracted. We assume that our theoretical model will be empirically verified during an experiment among city residents using the AI application in the future.



From the 42 selected articles, we identified a total of 3 main dimensions as latent variables and 18 latent variables as sub-dimensions (see Table 2). Latent variables are not directly observable and are usually measured by various indicators, such as questionnaires composed of items that can be expressed by numbers or symbols [63]. We then subjected the extracted variables to retrospective analysis concerning the research questions. Based on the study and substantive discussion among the group of competent judges, we distinguished three categories of variables, which we used to construct a conceptual model:




	(1)

	
Based on specific values of independent variables (IMP; e.g., EDU, DEM), information about the average values of correlated dependent variables can be predicted (assumption RA1). Not every independent variable implies causality, i.e., an effect on the dependent variable; there may be so-called apparent correlations. One can establish causality through an experiment.




	(2)

	
A moderating variable (e.g., AIT = EDU*AIT) affects the strength of the relationship between the dependent and independent variables (assumption RA3). It can weaken or strengthen the effect between the independent and dependent variables if found to be significant [63].




	(3)

	
As the dependent variable, we chose the global impact on climate mitigation in a smart city (ICMSC). The dependent variable (ICMSC) is predicted, and its value depends on changes in the independent variable (IMP). They can be related to behavioral change, a step toward climate neutrality and well-being [64] (assumption RA2).









The most general form of the model we propose is as follows.



In stage eight, the initial assumptions of the theoretical model were embodied in the cybernetic project (Figure 5), which incorporates the functionalities of the Greencoin project.





4. Results


4.1. Case Studies Evaluation


Table 2 briefly introduces the main research findings from the SLR search grouped by case study analytical criteria. While the more extended evaluation of the cases selected for in-depth analysis is depicted below, the table itself depicts the following:




	
Columns 1 and 2: sectors of smart cities and the keywords used in the SLR search;



	
Column 3: most common aims of the research focusing on the role of AI and its relevance to the sectors of the smart city concept;



	
Column 4: the analyzed cases;



	
Column 5: summary of commonly used AI-based solutions in each smart city sector;



	
Columns 6 and 7: the potential and limitations of such tools.
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Table 2. The results of case studies’ analysis and evaluation. Authors’ own elaboration.






Table 2. The results of case studies’ analysis and evaluation. Authors’ own elaboration.





	
Independent

Variables

	

	

	
Moderators

	
Dependent Variables

	

	




	
Smart City Concept: Fields of Use

	
Keywords

	
Aims and Range

	
Research Studies

	
Types of AI-Based Tool

(AIT)

	
Impact on Climate Mitigation in Smart Cities

(ICMSC)

	
Limitations






	
1

	
Smart people

	
Education (EDU)

	
Human resources, teaching and learning, knowledge transfer

	
[30,65,66,67]

	
Interactive tools, AI and neural networks, machine learning (INTERAI)

	
Shaping pro-environmental attitudes and behaviors through a system of suggestions, encouragement, feedback, and positive reinforcement;

solving challenging social environmental problems (SPAB)

	
Particular tested tools and solutions that can be easily implemented in the wider educational system




	
2

	
Smart mobility

	
Decreasing

emission (DEM)

	
Traffic analyses, traffic capacity improvement, urban flows optimization, energy planning models, connectivity—spatial and social—autonomous mobility

	
[68,69,70,71,72,73,74,75,76]

	
IoT, satellite, cloud computing, AI/ML

hybrid models

(IOTAI)

	
Traffic and emission reduction; decarbonization; traffic optimization; mobility behavior change; emission awareness; eco-mobility promotion (TER)

	
More focused on optimization than behavioral change; often data visualization only; lack of social engagement mechanisms




	
3

	
Smart living

	
Participation (PART)

	
Indirect participation,

understanding behavior patterns, social impact reflecting climate change visualization

	
[5,77,78,79,80,81,82]

	
Sensors, networks, artificial intelligence, applications of the Internet of Things,

digital platform software (IoT platform), FI (Future Internet)-WARE

Blockchain (SNAI)

	
Visualization of individual impact on climate change and understanding behaviors; influencing behavioral change on an urban scale (VISI)

	
Direct participation; coherent approach; integration of digital platforms relevant to sustainable goals




	
4

	
Smart environment

	
Adaptable

planning (ADP)

	
Impact assessment, extreme weather conditions prediction, environmental and risk management, negative impact reduction

	
[73,78,83,84,85,86,87,88,89]

	
Sensors, knowledge-based intelligent

systems, intelligent

stochastic simulation models, genetic

algorithms, evolutionary computing

and spatial DNA

(SKIS)

	
Urban microclimate improvement; efficient land use decarbonization;

emission reductions

prediction;

urban energy, water resource, and waste management;

environmental restoration (UMI)

	
Lack of integration; data collected sectorally; rarely provides base for strategic planning; limited educational impact—lack of integrated interactive data visualization platforms




	
5

	
Smart

economy

	
Enhancing

circularity (ENC)

	
Circular economy,

sustainable development goals, transition to smart and green economy, eco-growth, low-carbon economy, green IoT, sustainable models of smart cities

	
[90,91,92,93,94,95,96,97]

	
Green IoT, UAVs (cameras, sensors), ICT 5G (such as 5G, beyond 5G, and sensors), radio frequency identification, new big data analysis based on AI-related tools, artificial neural networks, agent-based models, cloud-based services

(GIOT)

	
UAV coordination in the cities with smart sensory data;

IoT and UAV integration to decrease energy consumption, improve connectivity, and reduce pollution; agile adaptation to urban challenges (IOTU)

	
IoT intense energy consumption; personal data collection and analysis; data latency; fixed UAV trajectory; potential information invalidity; data gaps or bias




	
6

	
Smart governance

	
Communication (COM)

	
Smart governance (participation), participation in decision making, public and social services,

transparent governance,

political strategies and perspectives,

‘sharing economy’, AI for digital twin

	
[58,82,98,99]

	
App-based management,

bots and artificial intelligence supporting social platforms activity, mobile AI application solutions

(ABA)

	
Smart mobility approaches driven by big data strategies to address climate change; urban services mitigating climate change; modular platforms—collecting information from a wide range of sources to create more awareness about climate change resilience (SMA)

	
The global economic crisis and key

messages to find a new role for urban planning in sustainable cities; limitations of case study research findings regarding generalization and application of findings:

	
Budget limitations



	
Need for more supporting infrastructure



	
Lack of smart cities on short-term mindsets



	
Lack of political will



	
Lack of stakeholder support














4.1.1. AI for Eco-Education


Introducing solutions that meet the needs of city dwellers while limiting climate change requires awareness and knowledge of how human activity affects the environment. Moreover, education is not only limited to making city dwellers more aware and strengthening their level of knowledge. Increasingly more significant is the need to accept progressive technological development and to actively involve particular social groups in the education process (even if it requires a notable amount of work, time, and resources), cooperation, and commitment. Therefore, educational activities are one of the key elements shaping smart cities, which also evolve into smart education [67].



The improvement to education must be made on several different levels. First, efforts are needed to adapt formal education to the needs of cities transforming. Modern technology’s increasing domination of our lives should support the educational process at different levels of education, shaping the desired digital skills of pupils, students, and adult learners. However, people cannot be limited only to learning the passive use of virtual digital devices. Creative and comprehensive solutions using algorithmics, machine learning, and artificial intelligence form the basis for the development of cities following the pro-environmental lifestyle. The changing job market following the changing of cities requires more and more specialists, professions that quickly adapt to different living and working conditions, replacing digital cities with smart cities, and with them, smart residents [67].



Second, smart solutions should facilitate the learning process, making it more efficient. The new ‘Smart Education’ approach, supported by solutions based on artificial intelligence, is increasingly becoming the subject of scientific discourse and projects attempting to implement such solutions [65]. The need to replace traditional methods of teaching and learning is increasingly pointed out. An example of implementing this approach in pedagogical practice is using interactive AI-based tools in education. Concerning younger children, they can support the process of learning programming (control of robot toys); as for older students or adult learners, they can support the process of self-education through a system of feedback and the selection of appropriate, subsequent exercises based on current achievements [66].



At the same time, new technology based on artificial intelligence and machine learning should be resilient to the emerging challenges facing cities. One of them is to provide adequate infrastructure for the effective education of residents, taking into account access to diverse social groups, web traffic, and current technological advancements of digital infrastructure. The effects of the difficulty of ensuring the right quality of education became glaringly apparent during the COVID-19 pandemic, during which the rapid need to shift to remote learning highlighted such problems as social inequality in access to education, the difficulty of providing adequate technical conditions, and the maladjustment of learners to the new conditions of the learning environment [30].




4.1.2. AI for Mobility


Transportation plays an important role in healthy cities as one of the most important components of urban systems [68]. Research has proven that the smart city concept plays an essential role while mitigating transport emissions and meeting reduction goals [69]. Therefore, understanding and innovations of data-driven smart mobility in achieving decarbonization in urban development are crucial [71].



As smart mobility represents one of the six dimensions of a smart city, it involves both environmental and economic aspects and needs both advanced technologies and virtuous behaviors of people [70]. Transportation systems and their efficiency have a significant implication on not only resilience but also economic output, the social cost of cities, and the health of urban residents [71]. Unsustainable commuting models influence healthy conditions and expose residents to several risks [72]. Thus, many researchers worldwide are seeking solutions to improve the quality of urban commuting systems at the governance level. Kamrowska-Załuska found [54] that they are mostly focused on urban traffic analyses, the capacity of transport networks, commuting corridors, and energy planning models.



The analyzed papers prove that data-driven smart cities have a potential to enable emission reductions and climate change mitigation [73]. Therefore, data and data-based solutions should be used to tackle climate issues such as transportation efficiency and changes in travel behavior [71]. In particular, the improvement and integration of travel modes and efficient transport management can reduce greenhouse gas emissions in urban traffic [71]. Nowadays, smartphones, Wi-Fi, transit counters, traffic sensors, and toll payment systems, among others, provide detailed mobility and population data. Understanding human mobility allows to shape smarter, demand-driven transportation systems [74].



Intelligent data-driven mobility can be used for efficient transport activity by changing the behavior of travelers, as in the city of Hangzhou in China [71]. The function of AI is to reduce greenhouse gas emissions, mainly decarbonization, as a factor of Sustainable Development Goal 11.2, which is to ‘ensure access to safe, affordable, accessible and sustainable transport systems for all’, and Sustainable Development Goal 13.2, to ‘take urgent action to combat climate change and their effects’ and ‘integration of measures to combat climate change into national policies, strategies and planning’ by reducing greenhouse gas emissions every year. The mentioned goals require a public data strategy with a holistic view of complex urban challenges and global climate change [71].



Data-driven smart mobility initiatives applied in urban areas involve multiple stakeholders but with insufficient openness and limited access to data sharing [71]. Big data and AI-based technologies allow for shaping sustainable transportation models when using indirect participation methods [71]. Fortunately, AI enables newer methods of urban data acquisition using IoT, mobile phones, crowd sourcing, and social media [73]. The case studies analysis proves the importance of the ‘Fourth Industrial Revolution’ (4IR) technologies such as the Internet of Things (IoT), big data, artificial intelligence, smartphones, and cloud computing, which are influencing urban development as they allow air quality monitoring, following urban flows, and improving quality of life by overcoming communication barriers [73]. Even blockchain frameworks are used to shape people-oriented smart mobility systems [74].



The major finding from the case study analysis is that not only do data play a vital role when reconstructing urban transportation systems when searching for optimization mechanisms, but a high correlation between social attributes and the economic awareness of urban dwellers while shaping alternative mobility services can also be observed [75]. Smart mobility is therefore largely permeated by ICT, used in both backward and forward applications, to support the optimization of traffic flows and also to collect citizens’ opinions about livability in cities or the quality of local public transport services [70]. Additionally, AI-based solutions allow real-time mitigation governance [73], which can lead to more efficient public transportation models and to changes in the mobility behavior of urban dwellers. Surely, the new possibilities of connectivity; exceptional processing power; and the growing role of emerging technologies such as AI, IoT, robotics, and self-driving vehicles will advance intelligent mobility in the coming years [76].




4.1.3. AI for Social Participation


The smart city approach promotes the integration of climate strategies and encourages the participation of citizens [77]. Social participation in the process of mitigating climate changes calls for a stakeholder-centric approach [82]. The research proves that the engagement of stakeholders can be achieved while designing digital practices to promote positive change [5]. However, to keep the attention of urban dwellers, there is a need to involve stakeholders in co-creating value and to introduce solutions illustrating the benefits of applying a stakeholder-centric perspective. AI-based solutions surely help to process behavioral data and consequently to present the impact, which further allows to shape attitudes towards climate change.



Artificial intelligence can be used to analyze citizens’ opinions [80] with the use of, e.g., social media data [78,81]. Studies of the spatial pattern of the behavior of individuals, visualization of social networks, recognition and simulation of individual mobility, and sentiment analysis allow to define engagement tools that in turn allow to encourage pro-environmental behaviors. Digital services support and influence consumers’ decision-making and promote sustainable behavior. Ågerfalk et al. [5] demonstrated that when developing knowledge about socially sustainable behaviors, urban dwellers will likely continue such behavior in the future.



As found by Kamrowska-Załuska [54], self-organizing mechanisms can help to achieve sustainability and allow the evaluation of dynamic attributes on the spatiotemporal scale, namely the preferences, emotions, and satisfaction of individuals. They further allow indirect participation with a new type of analysis based on specific behavioral patterns and as such can provide more reasonable and accurate explanations for the evolution of the mechanisms of complex systems.



Thus far, the usability of AI as a participatory tool has been recognized mainly in creating warning systems [78] or improving transportation efficiency while managing mobility demand and routing [79]. Many important aspects of climate mitigation are still underdeveloped. Certainly, visualizations of predictions have been recognized in the literature as tools helping to understand behaviors and influencing behavioral change on an urban scale.




4.1.4. AI for Urban Adaptability and Resilience


Artificial-intelligence-based applications are becoming meaningful tools for disaster prediction and management [78]. When analyzing selected case studies, we found AI as supportive in the following aspects:




	
In terms of improving the urban microclimate and responding to the challenge of urban heat islands [73];



	
In analyses of major environmental threats, e.g., flooding [84,85], heat waves, and air quality [73,88];



	
In the enhancement of efficient land use management [89] and emission reduction and decarbonization [88,100].








New technology can indeed improve the robustness and adaptability of the urban environment and build a secure and resilient urban system of emergency risk monitoring based on integration and communication [83,86]. Based on the analysis of case studies, we can observe that disaster risk management is one of the most significant issues where the role of AI-based tools is sought. However, since AI as a predictive tool can be helpful while shaping resilience, most of the research is focused mainly on flooding issues.



Supplementary to the tools supporting urban resilience, AI-based solutions were recognized as an enhancement of the circular economy by responding to the challenge of, e.g., water resources [84] and waste management [87]. Additionally, they can help shape assessment tools to build climate awareness as they can enhance the analyses of the resilience of urban structures [86].



Based on the cases evaluated, we can learn that most tools use sensors, knowledge-based intelligent systems, intelligent stochastic simulation models, genetic algorithms, evolutionary computing, and spatial DNA. The predictive power of artificial intelligence plays a significant role when using such tools in shaping urban resilience. This approach can help improve urban microclimates, use land efficiently, reduce emissions, conserve resources, and restore the environment.



However, the research shows that the pilot solutions—both developed as theoretical concepts and implemented—respond only to some aspects of a resilient city. At the same time, the conception requires a holistic approach. The remaining challenge is the lack of integration resulting from data collected sectorally. Therefore, such tools are rarely a base for strategic planning and hence have a limited educational impact. The problem of fragmentation and the lack of integrated interactive data visualization platforms urgently need to be addressed.




4.1.5. AI for Smart Governance and Digital Twin


The digital twin concept has appeared in the scientific literature and practice. It is a combined approach to new forms of modeling and analysis based on big data and machine learning/artificial intelligence that combines the capabilities of a virtual model, data management, analytics, simulation, system control, visualization, and information sharing. Such an approach is considered a potential solution for positive energy districts (PED) optimization, for example, because it requires the integration of various systems and infrastructures to obtain optimal interactions between buildings, stakeholders, mobility, energy systems, and ICT systems [98].



The case studies prove that artificial intelligence depends on various underlying conditions, such as the political system, geography, and technology diffusion. Intelligent solutions cannot be copied; therefore, the value of each field should be assessed differently. Technologies can be used in cities to empower citizens by adapting these technologies to their needs rather than adapting their lives to technology demands. Moreover, the meaning of a smart city is multifaceted. The critical point is that cities need to respond to changes in the context in which they operate [99].



AI presents the challenge of urbanization and sustainable cities and provides a better understanding of the entire energy flow in a city with the actual characteristics of all buildings, total energy distribution, production, economy, and other aspects. One can see this process in the Shiraz city project, a sustainable new city, and in the AI techniques necessary to create a sustainable smart area, such as using the high potential of natural resources, the built environment and natural components, new methods and technologies based on smart cities, and intelligent infrastructure, thus improving the long-term social and ecological health of cities [58].



AI can facilitate engagement and transactions between consumers and suppliers on the smart city platform and expand the user base. AI can help develop a sense of community that functions in both online and offline environments. However, in a smart city, the development perspectives of the participants are more interested in getting involved. When the platform is open to interaction, one can access valuable information and contribute, thanks to AI. Accordingly, if the public sector has an open approach and promotes public consultation, citizens are more likely to become co-creators in this process [82]. Based on the predictive power of AI-based tools, it should have the potential to support the development of digital twins concepts as they require simulation tools. However, the research shows a limited number of such solutions.




4.1.6. AI for Circular Economy


In the cases analyzed, agglomerations appear as significant contributors to regional and national economic growth [94,95]. While the sustainable economic development of cities has been set as the 11th Sustainable Development Goal (SDG), ICTs, IoT, and AI could assist in the process of achieving this goal [91]. According to the analyzed case studies, logistics, transportation, and energy, among others, connected through the IoT, contribute to the new ‘sharing economy of Collaborative Commons’ [92] that is sustainable and efficient, despite potential economic slowdowns. Moreover, cities in low-carbon transition can diversify their pro-environmental actions and increasingly rely on technological advancements in creating low carbon economic value [90,93]. The case studies evaluation from Asia and Africa shows that city productivity and size, quality of infrastructure, and public institutions have a higher impact on economic growth than urbanization expansion does [94]. Allam and Newman [95] pointed out that smart cities highly correlate with AI and big data usage and that their GDPs grow exponentially while fossil fuel use is declining.



As the analyzed examples show, AI and machine learning enable the modeling of urban development, growth, and consumption scenarios (water and energy consumption, transportation, and waste production); optimize energy and resources use and systems efficiency (e.g., self-organizing maps and agent-based models); and facilitate decision-making processes [94,96]. For example, polycentric spatial structure analysis, fuzzy logic, and analyses on cluster linkages allow to evaluate capital and resource flows cross-regionally, as well as to capture economic and social cluster connections [95,101]. The studied cases show that AI-based tools allow for the analysis of huge datasets, collected and updated instantly, that capture temporal data variations with high precision and at a lower cost, supporting smart urban development [91].



Furthermore, in the analyzed case studies related to the smart economy, an emphasis was put on sustainable development goals, eco-growth, circular economy, green Internet of Things, transition to a green economy, and sustainable models of smart cities [91,93]. Inter alia, big data analysis based on AI tools, green IoT (GIOT), UAVs, agent-based models, and cloud-based services are the instruments allowing to enhance the circular green economy [90,97]. Moreover, agile adaptation to various urban challenges is possible with the use of smart technologies—e.g., IoT and UAVs’ broad coordination and integration support a decrease in energy consumption and improve connectivity, coordination, and collaboration at a lower cost [96,97]. However, according to the literature, there are certain limitations associated with the use of AI in a green economy—for example, concerns related to personal data analysis and use (privacy concerns), data latency, potential information invalidity, and data biases and gaps as well as IoT intense energy consumption [91,95] are important issues to be addressed.



The performed case studies analysis shows that a sustainable green economy assumes resource availability and reusability for now and in the future, built as an interconnected, long-lasting ecosystem that derives advantages from AI, IoT, and data analysis and ensures access to smart public infrastructure, healthcare, energy, and transportation [92,93,96]. For example, the green Internet of Things not only provides higher economic efficiency by covering various urban systems, including communication, environmental preservation, surveillance, pollution, and transportation, but also allows the transmission and analysis of collected data through reliable and environmentally friendly Industry 4.0 [97]. To conclude, based on the performed cases’ study, ‘sustainable’ often goes hand in hand with ecological in the literature in the context of a circular economy, where AI-based tools could play a vital role in developing smart cities, ensuring their competitive advantage and long-lasting sustainable growth.





4.2. The AI-Based Solution Shaping Climate Awareness Model


Based on the SLR method and the analysis of the described AI applications, we propose the following model (Figure 6). The conceptual model for the AI-based solution responds holistically to all six sectors of the smart city concept. The six independent variables (smart city indicators), namely smart people, smart mobility, smart living (social participation), smart environment (urban adaptability), smart economy (circularity), and smart governance, affect BC, CN, and WB through ED and AI. Therefore, it can be considered a supportive tool influencing behavior change (BC), leading a move toward climate neutrality (CN) as a pre-dependent variable. Such an approach should enable a response to the need to shape healthy cities offering well-being (WB) of urban dwellers (dependent variable: ICMSC).



To achieve such results, the research proves that among the independent variables, two of them, namely education (EDU) and communication (COM), play a vital role in successfully implementing AI-based solutions. Smart people supported by smart governance are key when working toward climate neutrality. However, they should be supported by AI-based tools in participation (PART), adaptable planning (ADP), decreasing emissions (DEM), and enhancing circularity (ENC) as such moderators can enable change toward raising climate awareness and climate mitigation (EDU*AIT). Among all the studied solutions, we found AITs which play a crucial role in such a process: visualization and simulation tools, digital twins, and real-time monitoring tools including traffic and flow measures.



The subscales of the dependent variable, such as the global impact on climate mitigation in the smart city (ICMSC) related to behavioral change, a step toward climate neutrality and well-being, should cover the following key dimensions (Table 2):




	
SPAB: shaping pro-environmental attitudes and behaviors through a system of suggestions, encouragement, feedback, and positive reinforcement and solving challenging social and environmental problems;



	
TER: traffic and emission reduction, decarbonization, traffic optimization, mobility behavior change, emission awareness, and eco-mobility promotion;



	
VISI: visualization of individual impact on climate change, understanding behaviors, and influencing behavioral change on an urban scale;



	
UMI: urban microclimate improvement; efficient land use decarbonization; emission reductions; prediction; urban energy, water resource, and waste management; environmental restoration;



	
IOTU: UAVs coordination in cities with smart sensory data, IoT and UAVs’ integration to decrease energy consumption, improvement of connectivity, reduction in pollution, and agile adaptation to urban challenges;



	
SMA: smart mobility approaches driven by big data strategies to address climate change, urban services mitigating climate change, and modular platforms collecting information from various sources to create more awareness about climate change resilience.








Additionally, as moderators, there should be AI-based tools (AITs) as well as their interaction with the education (AIT*EDU) that cities need today (Table 2):




	
INTERAI: interactive tools, AI and neural networks, and machine learning-based solutions;



	
IOTAI: IoT, satellite, cloud computing, AI/ML, hybrid models of AI and neural networks, and machine learning;



	
SNAI: sensors, networks, AI, IoT-based applications, digital platform software (IoT platform), FI (Future Internet)-WARE, and blockchains;



	
SKIS: sensors, knowledge-based intelligent systems, intelligent stochastic simulation models, genetic algorithms, evolutionary computing, and spatial DNA;



	
GIOT: green IoT, UAVs (cameras and sensors), 5G ICT (such as 5G, beyond 5G, and sensors), radio frequency identification, new big data analysis based on AI-related tools, artificial neural networks, agent-based models, and cloud-based services;



	
ABA: app-based management, bots and AI-supported social platforms activity, and mobile AI application solutions.








We assumed the AI*ED interaction to be a mediator [102], affecting the six smart city indicators and the strength of the relationship between the group of independent variables, BC, CN, and finally WB. On the other hand, these variables also influence the interaction of AI*ED, which results from the assumptions of AI systems. Our assumptions are inferred from the literature and our previous studies. We assumed that most variables are latent and unobservable directly. They will be measured using future tools (qualitative and quantitative), though such a coherent and holistic approach of the Greencoin project can be considered a response for the cities working toward climate mitigation.





5. Discussion


An overview of AI applications in cities provides valuable information for optimizing living conditions in the urban environment following sustainable social, economic, and environmental development [23,54,98]. The number of case studies found proved the increasing interest in the use of AI for urban processes [25], but our SLR search [9,10,11] showed that despite the recognized need to develop digital solutions to achieve urban climate neutrality [5], there is still limited evidence on tools that moved outside the theoretical or pilot phase.



However, most of the evaluated cases have the potential to respond to the need to shape the urban health environment [21]. The lesson learnt is that sustainability-oriented urban projects consider digital tools as supporting smart development and management [28]. The current research on the smart cities approach emphasizes the need for unified assessment models for AI and big data processing within the urban space to mitigate climate change through, e.g., decarbonization, building energy efficiency, and estimating urban energy systems, but also, more importantly, to deliver tools for policy-makers to shape a high quality of life [29]. AI not only contributes to the development of smarter cities but above all concentrates on data analytics, education, environmental sustainability, health, security, transport, and urban management areas [30].



EDU: The analyzed cases prove that AI technology can help education systems use data to improve educational equity and quality in the developing processes [35]. The research confirms that AI can help shape pro-environmental behaviors [12], as the tools we studied include application-based solutions both to support the process of education for raising the environmental awareness of urban residents and guide their green behavior change to obtain climate neutrality. Such possibilities can enhance public awareness and, based on new digital solutions, educate about the challenges of climate change and further establish a base for efficient urban development [44]. However, education will not be the answer to all the required climate change mitigation activities. It should cover a broad spectrum of climate issues and serve all smart city dimensions [6], where AI can be considered a supplementary tool.



DEM: All solutions recognized within the research prove that AI can help to foster a reduction in CO2 emission levels [71]. Examples include app-based ride hailing, smart mobility represented by tight monitoring of vehicle purchase and license distribution, web-based car-sharing platforms, green travel modes, UAVs documenting accidents and emergencies, and urban traffic coordination using smart sensory data. All of them have the potential to diminish climate impacts and influence climate awareness. However, when implementing AI-based solutions, we should be aware of the risks such as hypermobility.



PART: The analyzed cases offer practical suggestions that would increase the effectiveness of stakeholder engagement at the platform level as well as ways to facilitate new online and offline processes. The analyses prove that such solutions, however, should not be implemented as top-down initiatives imposed by the authorities and city administrators [48].



ADP: The research shows that artificially intelligent cities can safeguard humanity from natural disasters, pandemics, and other catastrophes [42]. The literature indicates that AI and neural networks can be employed to predict severe events and protect against them [24].



COM: Through its prediction power and visual impact, AI has the potential to influence social engagement and strengthen participation by allowing co-governance. It is a condition for the introduction of a zero-emission development while diminishing the negative impact on the environment [103]. However, the research shows that the potential of AI-based tools within this smart city dimension remains not fully recognized.



ENC: AI can help identify areas demanding support and integrate individual actions to solve complex urban problems for the implementation of net zero policies. Artificial intelligence and neural networks are also applied in the process of learning how to optimally design building structures, with good results in shaping behaviors that save resources, such as reducing energy consumption while maintaining thermal comfort conditions [76] or climate neutrality [77]. The research cannot, however, prove that the potential of AI to shape urban circularity is already recognized.



Our aim was to identify the best possible practices using AI that will contribute to the issuance of a city’s climate strategy, taking into account the ambitions set out and the city’s adaptability. We identified many solutions which can be considered supportive while shaping pro-environmental behaviors. This evaluation shows that AI-based smart technologies offer great potential for creating trusted resources and knowledge transfer. This knowledge, in turn, is a source for increasing residents’ awareness and making the right decisions when solving challenging social problems. We can therefore confirm that AI tools, including machine learning, deep learning, and predictive analytics, increase the ability to plan, learn, reason, think, and take actions, especially when finding ways to accelerate climate neutrality [41]. However, through knowledge transfer and strengthening of social–human capital, it is easier to make modifications for sustainable development and implement collaborative research programs and new big data analytics (e.g., geo-referenced data) based on AI-related tools.




6. Conclusions


Based on this case study evaluation, we can conclude that AI tools can impact urban dwellers’ attitudes and behaviors. Moreover, these technological tools, when appropriately used, can educate people and motivate them to contribute to building smarter cities. Regarding our research questions, AI-based tools can be considered enablers for urban adaptive planning through the educational functionalities of solutions embedded in the smart city concept, such as Greencoin.



AITs can further help to shape climate neutrality awareness and promote a low-carbon economy. However, to ensure this process, there is a need for a more strategic approach to introducing AI-based educational tools and defining linkages between these solutions and smart city policy implementation processes. Solutions such as Greencoin cannot operate successfully when not embedded in local policies. Their functionalities must be designed carefully with a clearly defined scope, specific objectives with priorities, a diversified portfolio of social actions, and within time frames.



Such findings make it possible to define Greencoin AI-based functionalities that are designed to serve all dimensions of a smart city and can shape pro-environmental habits. The proposed model involves a coherent approach bringing and defining linkages between the six smart city sectors proposed by Giffinger et al. [6,8], namely smart people (smart education), smart mobility, smart living, smart environment (urban adaptability), smart economy (circularity), and smart governance, and addressing them through/with its functionalities. The research analysis revealed that while AI-related tools, green Internet of Things, and cloud-based services contribute to the promotion of a circular economy, sustainability, and eco-growth, the limitations, such as IoT intense energy consumption, data latency, and data biases and gaps, also need to be handled.



One limitation of this study is the lack of verification of the spatial distribution of the existing solutions. It would be worth evaluating how similar solutions operate depending on the local context and level of city smartness. We will address these issues in future research, enriching the achieved results while developing Greencoin functionality in further steps. Another research limitation is the lack of a testing stage of the concept, but in the next phase, the Greencoin project will establish a 9-month testing phase of the application based on the conceptual research outcome. Only complete, available articles were considered according to the inclusion criteria to assess the risk of bias. Findings and conclusions at each stage of the study (including the SLR) were considered by a group of competent judges (the authors and four experts in the field). The final decision at each stage was made by mutual consensus.



The added value of this research is in the holistic methodological analysis of the most essential elements of a smart city, as well as the proposals of the practical implications of the results on the Greencoin application prototype to be built on the basis of the conceptual model proposed in the paper. These study results could be valuable for both researchers and policy-makers as well as social organizations, activists, and local associations interested in testing and implementing AI-based educational tools aimed at shaping climate awareness among urban dwellers. This is because they show which tools to use when looking for engaging mechanisms allowing for stronger social participation when increasing climate neutrality. They also emphasize the need for a more holistic and coherent approach when implementing such solutions, as climate change mitigation calls for joint efforts and more systematic interventions. The tools found within the research prove that they can play a vital role when presenting impact and change and visualizing the challenges. Data, visualization, and monitoring tools can support educational processes and lead to behavioral change.
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	Section and Topic
	Item #
	Checklist Item





	Title
	
	



	Title, keywords
	1
	Identifying the report as a systematic review: Greencoin as an AI-Based Solution Shaping Climate Awareness

Keywords: smart city and artificial intelligence; climate change education; AI-based net zero solutions



	Background
	
	



	Objectives
	2
	Providing an explicit statement of the main objective(s) or question(s) the review addresses:

Aim: Our research aim was to define possible AI-based solutions to be embedded in the Greencoin project, designed as a supportive tool for smart cities to achieve climate neutrality.

General research questions:

Q1. Can AI-based tools enable education on the net zero city, allowing to shape climate change awareness toward building healthy urban environments?

Q2. Can such a solution, when embedded in the smart city policy implementation process, ensure pro-environmental behaviors of urban dwellers?

Detailed research questions resulting from SLR:

(RQ1) What variables can be used for creating a model of an AI-based solution?

(RQ2) What variables can be moderators, and what relationships can they influence?



	Methods
	
	



	Eligibility criteria
	3
	Specifying the inclusion and exclusion criteria for the review:

	
Inclusion criteria for including literature items:





(IC1) Peer-reviewed journal articles;

(IC2) Documents written in English;

(IC3) Relevant to the scope of the study: smart city (one of 6 sectors), climate change, artificial intelligence, the use of AI-based solutions;

(IC4) Documents concerning case studies in the areas mentioned above.

	b.

	
Criteria for excluding literature items:






(EC1) Editorial material, review, language, duplicated studies;

(EC2) The paper does not present a model of an AI-based solution nor the process of shaping climate change awareness;

(EC3) It is not a case study in the areas mentioned above;

(EC4) The full version of the document is not available through subscription to institutions or associations of which we are members;

(EC5) The paper has no citation records;

(EC6) The paper appears in 0–2 databases only.



	Information sources
	4
	Specifying the information sources (e.g., databases, registers) used to identify studies and the date when each was last searched:

We based our data sources and search strategy on the use of many data sources such as Google Scholar, Scopus, Web of Science, EBSCO, Elsevier, Emerald, Taylor & Francis, ProQuest Central, and Wiley.

We conducted a search looking for word chains that were a combination of keywords and terms, indicated in Table 1: smart city, climate change, AI/artificial intelligence, education, mobility, participation, adaptability or resilience, circularity, digital twin.



	Risk of bias
	5
	Specifying the methods used to assess risk of bias in the included studies:

To assess the risk of bias:

	
Only full, accessible articles were considered according to the inclusion criteria;



	
Conclusions and findings at each stage of the study (including the SLR) were considered by a group of competent judges (the authors of the article and four experts in the field);



	
The final decision in each step was made by competent judges’ mutual consensus.





Since we did not conduct a meta-analysis, we have not reported the summary estimate and confidence/credible interval.



	Synthesis of results
	6
	Specifying the methods used to present and synthesize results: We used qualitative methods [55] such as a systematic literature review [9,10,11], critical literature analysis, the method of competent judges [56,57], case studies [58], and the construction of a theoretical model based on the SLR. The final results are presented descriptively, as well as in the form of tables and graphs.



	Results
	
	



	Included studies
	7
	Giving the total number of included studies and participants and summarize relevant characteristics of studies: Table 1 and Table 2; Section 4. Results.



	Synthesis of results
	8
	Presenting results for main outcomes, preferably indicating the number of included studies and participants for each: Table 2; Section 4. Results.

4.1. Case studies evaluation.



	Discussion
	
	



	Limitations of evidence
	9
	Providing a brief summary of the limitations of the evidence included in the review (e.g., study risk of bias, inconsistency and imprecision): Section 5. Discussion.

(…) One limitation of this study is the lack of verification of the spatial distribution of the existing solutions. It would be worth evaluating how similar solutions operate depending on the local context and level of city smartness. Such issues will be included in future research, which will enrich the achieved results while developing Greencoin functionality in further steps.



	Interpretation
	10
	Providing a general interpretation of the results and important implications:

Section 5. Discussion.

(…) The added value of this research is in the holistic methodological analysis of the most essential elements of a smart city, as well as the proposals of the practical implications of the results in the Greencoin application prototype.

Section 6. Conclusions.

(…) The contribution and a value of the research is that it proves the useability of AI-based tools for policy-makers, as the evaluated solutions show that AI-based tools help to encourage urban dwellers by shaping climate awareness and visualizing the impact. Therefore, Greencoin as an AI-based tool can be considered supportive not only for urban dwellers but also for decision-makers or educators recognized as beneficiaries.



	Other
	
	



	Funding
	11
	Specifying the primary source of funding for the review: NCBR: National Centre for Research and Development, grant number NOR/IdeaLab/GC/0003/2020-00.



	Registration
	12
	Providing the register name and registration number.







* Source: Authors’ own elaboration, adapted from Kitchenham et al. [9,10] and PRISMA 2020 [11].













References


	



Vinuesa, R.; Azizpour, H.; Leite, I.; Balaam, M.; Dignum, V.; Domisch, S.; Felländer, A.; Langhans, S.D.; Tegmark, M.; Fuso Nerini, F. The Role of Artificial Intelligence in Achieving the Sustainable Development Goals. Nat. Commun. 2020, 11, 233. [Google Scholar] [CrossRef]

	



Sætra, H.S. AI for the Sustainable Development Goals; CRC Press: Boca Raton, FL, USA; Taylor & Francis Ltd.: New York, NY, USA, 2022; ISBN 9781032044064. [Google Scholar]

	



Goodspeed, R. Smart Cities: Moving beyond Urban Cybernetics to Tackle Wicked Problems. Camb. J. Reg. Econ. Soc. 2015, 8, 79–92. [Google Scholar] [CrossRef]

	



Sanchez, T.W.; Shumway, H.; Gordner, T.; Lim, T. The Prospects of Artificial Intelligence in Urban Planning. Int. J. Urban Sci. 2022, 1–16. [Google Scholar] [CrossRef]

	



Ågerfalk, P.J.; Axelsson, K.; Bergquist, M. Addressing Climate Change through Stakeholder-Centric Information Systems Research: A Scandinavian Approach for the Masses. Int. J. Inf. Manag. 2022, 63, 102447. [Google Scholar] [CrossRef]

	



Giffinger, R.; Fertner, C.; Kramar, H.; Meijers, E. City-Ranking of European Medium-Sized Cities. Cent. Reg. Sci. Vienna UT 2007, 9, 1–12. [Google Scholar]

	



Allam, Z.; Dhunny, Z.A. On Big Data, Artificial Intelligence and Smart Cities. Cities 2019, 89, 80–91. [Google Scholar] [CrossRef]

	



Giffinger, R. European Smart City Model (2007–2015), Vienna University of Technology. 2015. Available online: http://www.smart-cities.eu/ (accessed on 5 September 2021).

	



Kitchenham, B.; Brereton, O.P.; Budgen, D.; Turner, M.; Bailey, J.; Linkman, S. Systematic Literature Reviews in Software Engineering—A Systematic Literature Review. Inf. Softw. Technol. 2009, 51, 7–15. [Google Scholar] [CrossRef]

	



Kitchenham, B.; Brereton, P. A Systematic Review of Systematic Review Process Research in Software Engineering. Inf. Softw. Technol. 2013, 55, 2049–2075. [Google Scholar] [CrossRef]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 372, 89. [Google Scholar] [CrossRef]

	



Zawieska, J.; Obracht-Prondzyńska, H.; Duda, E.; Uryga, D.; Romanowska, M. In Search of the Innovative Digital Solutions Enhancing Social Pro-Environmental Engagement. Energies 2022, 15, 5191. [Google Scholar] [CrossRef]

	



Washburn, D.; Sindhu, U.; Balaouras, S.; Dines, R.A.; Hayes, N.; Nelson, L.E. Helping CIOs Understand “Smart City” Initiatives. Growth 2009, 17, 1–17. [Google Scholar]

	



De Oliveira, Á.; Campolargo, M.; Martins, M.J.C. Human Smart Cities: A Human-Centric Model Aiming at the Wellbeing and Quality of Life of Citizens. In Proceedings of the eChallenges e-2014 Conference and Exhibition, Belfast, UK, 29–30 October 2014; pp. 1–8. [Google Scholar]

	



Clayton, S. Climate Change and Mental Health. Curr. Environ. Health Rep. 2021, 8, 1–6. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, S.; Kuang, X.; Chen, Y.; Deng, X.; Chen, J. Low-Carbon Healthy City Planning and Design BT—China. In Low-Carbon Healthy City, Technology Assessment and Practice; Huang, W., Wang, M., Wang, J., Gao, K., Li, S., Liu, C., Eds.; Springer: Berlin/Heidelberg, Germany, 2016; pp. 91–154. ISBN 978-3-662-49071-6. [Google Scholar]

	



Agbali, M.; Trillo, C.; Ibrahim, I.A.; Arayici, Y.; Fernando, T. Are Smart Innovation Ecosystems Really Seeking to Meet Citizens’ Needs? Insights from the Stakeholders’ Vision on Smart City Strategy Implementation. Smart Cities 2019, 2, 307–327. [Google Scholar] [CrossRef]

	



Agbali, M.; Trillo, C.; Arayici, Y.; Fernando, T. Creating Smart and Healthy Cities by Exploring the Potentials of Emerging Technologies and Social Innovation for Urban Efficiency: Lessons from the Innovative City of Boston. Int. J. Energy Power Eng. 2017, 11, 617–627. [Google Scholar]

	



Yang, W.; Zhao, R.; Chuai, X.; Xiao, L.; Cao, L.; Zhang, Z.; Yang, Q.; Yao, L. China’s Pathway to a Low Carbon Economy. Carbon Balance Manag. 2019, 14, 14. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, X.; Zuo, J.; Wu, G.; Huang, C. A Bibliometric Review of Green Building Research 2000–2016. Archit. Sci. Rev. 2019, 62, 74–88. [Google Scholar] [CrossRef]

	



Lemeš, S. Information Technology Solutions and Challenges for Healthy Urban Environment BT—New Technologies, Development and Application IV; Karabegović, I., Ed.; Springer International Publishing: Cham, Switzerland, 2021; pp. 653–662. [Google Scholar]

	



Voda, A.I.; Radu, L.D. How Can Artificial Intelligence Respond to Smart Cities Challenges? In Smart Cities Issues Challenges Mapping Political, Social and Economic Risks and Threats; Elsevier BV: Amsterdam, The Netherlands, 2019; pp. 199–216. [Google Scholar] [CrossRef]

	



Kamrowska-Zaluska, D.; Obracht-Prondzyńska, H. The Use of Big Data in Regenerative Planning. Sustainability 2018, 10, 3668. [Google Scholar] [CrossRef]

	



Komninos, N.; Panori, A.; Kakderi, C. Smart Cities beyond Algorithmic Logic: Digital Platforms, User Engagement and Data Science. In Smart Cities Post-Algorithmic Era; Edward Elgar Publishing: Cheltenham, UK, 2019; pp. 1–15. [Google Scholar] [CrossRef]

	



Yigitcanlar, T.; Cugurullo, F. The Sustainability of Artificial Intelligence: An Urbanistic Viewpoint from the Lens of Smart and Sustainable Cities. Sustainability 2020, 12, 8548. [Google Scholar] [CrossRef]

	



Dominiković, I.; Ćukušić, M.; Jadrić, M. The Role of Artificial Intelligence in Smart Cities: Systematic Literature Review. In Data and Information in Online Environments, DIONE 2021; Álvarez, B., Ed.; Lecture Notes of the Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 378; Springer: Cham, Switzerland, 2021; pp. 64–80. [Google Scholar] [CrossRef]

	



Marciniak, K.; Owoc, M.L. Usability of Knowledge Grid in Smart City Concepts. In Proceedings of the 15th International Conference on Enterprise Information Systems: ICEIS, Angers, France, 4–7 July 2013; Volume 3, pp. 341–346. [Google Scholar] [CrossRef]

	



Hetemi, E.; Ordieres-Meré, J.; Nuur, C. An Institutional Approach to Digitalization in Sustainability-Oriented Infrastructure Projects: The Limits of the Building Information Model. Sustainability 2020, 12, 3893. [Google Scholar] [CrossRef]

	



Anthopoulos, L.; Kazantzi, V. Urban Energy Efficiency Assessment Models from an AI and Big Data Perspective: Tools for Policy Makers. Sustain. Cities Soc. 2022, 76, 103492. [Google Scholar] [CrossRef]

	



Yigitcanlar, T.; Butler, L.; Windle, E.; Desouza, K.C.; Mehmood, R.; Corchado, J.M. Can Building “Artificially Intelligent Cities” Safeguard Humanity from Natural Disasters, Pandemics, and Other Catastrophes? An Urban Scholar’s Perspective. Sensors 2020, 20, 2988. [Google Scholar] [CrossRef] [PubMed]

	



Blanchard, E.G.; Volfson, B.; Hong, Y.J.; Lajoie, S.P. Affective Artificial Intelligence in Education: From Detection to Adaptation. In Artificial Intelligence in Education—Building Learning Systems that Care: From Knowledge Representation to Affective Modelling; IOS Press: Amsterdam, The Netherlands, 2009; Volume 2009, pp. 81–88. [Google Scholar]

	



Luckin, R.; Cukurova, M. Designing Educational Technologies in the Age of AI: A Learning Sciences-Driven Approach. Br. J. Educ. Technol. 2019, 50, 2824–2838. [Google Scholar] [CrossRef]

	



Slagter van Tryon, P.J.; Bishop, M.J. Theoretical Foundations for Enhancing Social Connectedness in Online Learning Environments. Distance Educ. 2009, 30, 291–315. [Google Scholar] [CrossRef]

	



Hwang, G.-J.; Xie, H.; Wah, B.W.; Gašević, D. Vision, Challenges, Roles and Research Issues of Artificial Intelligence in Education. Comput. Educ. Artif. Intell. 2020, 1, 100001. [Google Scholar] [CrossRef]

	



Pedró, F.; Subosa, M.; Rivas, A.; Valverde, P. Artificial Intelligence in Education: Challenges and Opportunities for Sustainable Development; UNESCO: Paris, France, 2019. [Google Scholar]

	



Pea, R.D. The Social and Technological Dimensions of Scaffolding and Related Theoretical Concepts for Learning, Education, and Human Activity. J. Learn. Sci. 2004, 13, 423–451. [Google Scholar] [CrossRef]

	



Poquet, O.; de Laat, M. Developing Capabilities: Lifelong Learning in the Age of AI. Br. J. Educ. Technol. 2021, 52, 1695–1708. [Google Scholar] [CrossRef]

	



Kim, Y.; Soyata, T.; Behnagh, R.F. Towards Emotionally Aware AI Smart Classroom: Current Issues and Directions for Engineering and Education. IEEE Access 2018, 6, 5308–5331. [Google Scholar] [CrossRef]

	



Chen, L.; Chen, P.; Lin, Z. Artificial Intelligence in Education: A Review. IEEE Access 2020, 8, 75264–75278. [Google Scholar] [CrossRef]

	



McArthur, D.; Lewis, M.; Bishary, M. The Roles of Artificial Intelligence in Education: Current Progress and Future Prospects. J. Educ. Technol. 2005, 1, 42–80. [Google Scholar] [CrossRef]

	



Shabbir, J.; Anwer, T. Artificial Intelligence and Its Role in Near Future. arXiv 2018, arXiv:1804.01396. [Google Scholar]

	



Yigitcanlar, T.; Desouza, K.C.; Butler, L.; Roozkhosh, F. Contributions and Risks of Artificial Intelligence (AI) in Building Smarter Cities: Insights from a Systematic Review of the Literature. Energies 2020, 13, 1473. [Google Scholar] [CrossRef]

	



Ponce, H.; Gutiérrez, S. An Indoor Predicting Climate Conditions Approach Using Internet-of-Things and Artificial Hydrocarbon Networks. Meas. J. Int. Meas. Confed. 2019, 135, 170–179. [Google Scholar] [CrossRef]

	



Ortega-Fernández, A.; Martín-Rojas, R.; García-Morales, V.J. Artificial Intelligence in the Urban Environment: Smart Cities as Models for Developing Innovation and Sustainability. Sustainability 2020, 12, 7860. [Google Scholar] [CrossRef]

	



Huseien, G.F.; Shah, K.W. Potential Applications of 5G Network Technology for Climate Change Control: A Scoping Review of Singapore. Sustainability 2021, 13, 9720. [Google Scholar] [CrossRef]

	



Hantrais, L.; Lenihan, A.T. Social Dimensions of Evidence-Based Policy in a Digital Society. Contemp. Soc. Sci. 2021, 16, 141–155. [Google Scholar] [CrossRef]

	



Quan, S.J.; Park, J.; Economou, A.; Lee, S. Artificial Intelligence-Aided Design: Smart Design for Sustainable City Development. Environ. Plan. B Urban Anal. City Sci. 2019, 46, 1581–1599. [Google Scholar] [CrossRef]

	



Cathelat, B. Smart Cities: Shaping the Society of 2030; UNESCO and NETEXPLO: Pari, France, 2019. [Google Scholar]

	



Falck, O.; Heimisch-Roecker, A.; Wiederhold, S. Returns to ICT Skills. Res. Policy 2021, 50, 104064. [Google Scholar] [CrossRef]

	



Rejeb, A.; Rejeb, K.; Simske, S.; Treiblmaier, H.; Zailani, S. The Big Picture on the Internet of Things and the Smart City: A Review of What We Know and What We Need to Know. Internet Things 2022, 19, 100565. [Google Scholar] [CrossRef]

	



Foncubierta-Rodríguez, A.; Müller, H.; Depeursinge, A. Retrieval of High-Dimensional Visual Data: Current State, Trends and Challenges Ahead. Multimed. Tools Appl. 2014, 69, 539–567. [Google Scholar] [CrossRef]

	



Maflahi, N.; Thelwall, M. When Are Readership Counts as Useful as Citation Counts? Scopus versus Mendeley for LIS Journals. J. Assoc. Inf. Sci. Technol. 2016, 67, 191–199. [Google Scholar] [CrossRef]

	



Martín-Martín, A.; Orduna-Malea, E.; Thelwall, M.; Delgado López-Cózar, E. Google Scholar, Web of Science, and Scopus: A Systematic Comparison of Citations in 252 Subject Categories. J. Informetr. 2018, 12, 1160–1177. [Google Scholar] [CrossRef]

	



Kamrowska-Załuska, D. Impact of Ai-Based Tools and Urban Big Data Analytics on the Design and Planning of Cities. Land 2021, 10, 1209. [Google Scholar] [CrossRef]

	



Yin, R.K. Qualitative Research from Start to Finish; Guilford Publications: New York, NY, USA, 2015; ISBN 9781462517978. [Google Scholar]

	



Kowal, J.; Keplinger, A.; Mäkiö, J. Organizational Citizenship Behavior of IT Professionals: Lessons from Poland and Germany. Inf. Technol. Dev. 2019, 25, 227–249. [Google Scholar] [CrossRef]

	



Mill, J.S. Utilitarianism and the 1868 Speech on Capital Punishment; Sheer, G., Ed.; Hackett: Indianapolis, IN, USA, 2001. [Google Scholar]

	



Kashkooli, H.M. Sustainable Smart City Planning: A Case Study in City of Shiraz (Iran), District 1st (Ghodoosi). Master’s Thesis, Polytechnic University of Turin, Turin, Italy, 2020; pp. 1–146. [Google Scholar]

	



Anil Yasin, A.; Abbas, A. Role of Gamification in Engineering Education: A Systematic Literature Review. In Proceedings of the 2021 IEEE Global Engineering Education Conference (EDUCON), Vienna, Austria, 21–23 April 2021; pp. 210–213. [Google Scholar]

	



Gusenbauer, M. Google Scholar to Overshadow Them All? Comparing the Sizes of 12 Academic Search Engines and Bibliographic Databases; Springer International Publishing: Cham, Switzerland, 2019; Volume 118, ISBN 1119201829. [Google Scholar]

	



Whiting, P.; Savović, J.; Higgins, J.P.T.; Caldwell, D.M.; Reeves, B.C.; Shea, B.; Davies, P.; Kleijnen, J.; Churchill, R. ROBIS: A New Tool to Assess Risk of Bias in Systematic Reviews Was Developed. J. Clin. Epidemiol. 2016, 69, 225–234. [Google Scholar] [CrossRef]

	



Yasuoka, M.; Kamihira, T. How Participation Is Practiced?—Extension of Participatory Design Model. In Proceedings of the The ServDes Conference 2016, Copenhagen, Denmark, 24–26 May 2016; pp. 279–291. [Google Scholar]

	



Link, G.J.P.; Kowal, J.; Qureshi, S. Open Source in Development: Enabling Business and Services. Inf. Syst. Manag. 2020, 37, 52–74. [Google Scholar] [CrossRef]

	



Lu, H.; Zhang, W.; Diao, B.; Liu, Y.; Chen, H.; Long, R.; Cai, S. The Progress and Trend of Pro-Environmental Behavior Research: A Bibliometrics-Based Visualization Analysis. Curr. Psychol. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Makarova, I.; Shubenkova, K.; Buyvol, P.; Mavrin, V.; Mukhametdinov, E. Interaction between Education and Business in Digital Era. In Proceedings of the 2018 IEEE Industrial Cyber-Physical Systems (ICPS), St. Petersburg, Russia, 15–18 May 2018; pp. 503–508. [Google Scholar]

	



Nguyen, H.D.; Mai, L.T.; Anh Do, D. Innovations in Creative Education for Tertiary Sector in Australia: Present and Future Challenges. Educ. Philos. Theory 2020, 52, 1149–1161. [Google Scholar] [CrossRef]

	



Anthopoulos, L.G. Understanding Smart Cities: A Tool for Smart Government or an Industrial Trick? Springer International Publishing: Cham, Switzerland, 2017. [Google Scholar]

	



Zhang, M.; Liu, Y.; Xiao, Y.; Sun, W.; Zhang, C.; Wang, Y.; Bai, Y. Vulnerability and Resilience of Urban Traffic to Precipitation in China. Int. J. Environ. Res. Public Health 2021, 18, 12342. [Google Scholar] [CrossRef]

	



Zawieska, J.; Pieriegud, J. Smart City as a Tool for Sustainable Mobility and Transport Decarbonisation. Transp. Policy 2018, 63, 39–50. [Google Scholar] [CrossRef]

	



Trombin, M.; Pinna, R.; Musso, M.; Magnaghi, E.; De Marco, M. Mobility Management: From Traditional to People-Centric Approach in the Smart City. In Emerging Technologies for Connected Internet of Vehicles and Intelligent Transportation System Networks: Emerging Technologies for Connected and Smart Vehicles; Elhoseny, M., Hassanien, A.E., Eds.; Springer International Publishing: Cham, Switzerland, 2020; pp. 165–182. ISBN 978-3-030-22773-9. [Google Scholar]

	



Wang, Y. Data-Driven Smart Mobility as an Act to Mitigate Climate Change, a Case of Hangzhou. Master’s Thesis, Uppsala Universitet, Uppsala, Sweden, 2020. [Google Scholar]

	



Aschwanden, G.D.P.A.; Wijnands, J.S.; Thompson, J.; Nice, K.A.; Zhao, H.; Stevenson, M. Learning to Walk: Modeling Transportation Mode Choice Distribution through Neural Networks. Environ. Plan. B Urban Anal. City Sci. 2019, 48, 186–199. [Google Scholar] [CrossRef]

	



Kaginalkar, A.; Kumar, S.; Gargava, P.; Niyogi, D. Review of Urban Computing in Air Quality Management as Smart City Service: An Integrated IoT, AI, and Cloud Technology Perspective. Urban Clim. 2021, 39, 100972. [Google Scholar] [CrossRef]

	



López, D.; Farooq, B. A Blockchain Framework for Smart Mobility. In Proceedings of the 2018 IEEE International Smart Cities Conference (ISC2), Kansas City, MO, USA, 16–19 September 2018; pp. 1–7. [Google Scholar]

	



Ikezoe, K.; Kiriyama, E.; Fujimura, S. Analysis of Car Ownership Motivation in Tokyo for Sustainable Mobility Service and Urban Development. Transp. Policy 2021, 114, 1–14. [Google Scholar] [CrossRef]

	



Mathew, E.; Mansoori, S. Al Vision 2050 of the UAE in Intelligent Mobility. In Proceedings of the 2018 Fifth HCT Information Technology Trends (ITT), Dubai, United Arab Emirates, 28–29 November 2018; pp. 213–218. [Google Scholar]

	



García Fernández, C.; Peek, D. Smart and Sustainable? Positioning Adaptation to Climate Change in the European Smart City. Smart Cities 2020, 3, 511–526. [Google Scholar] [CrossRef]

	



Sun, W.; Bocchini, P.; Davison, B.D. Applications of Artificial Intelligence for Disaster Management. Nat. Hazards 2020, 103, 2631–2689. [Google Scholar] [CrossRef]

	



Bazzan, A.L.C.; de Brito do Amarante, M.; Da Costa, F.B. Management of Demand and Routing in Autonomous Personal Transportation. J. Intell. Transp. Syst. 2012, 16, 1–11. [Google Scholar] [CrossRef]

	



Zhang, F.; Zhou, B.; Liu, L.; Liu, Y.; Fung, H.H.; Lin, H.; Ratti, C. Measuring Human Perceptions of a Large-Scale Urban Region Using Machine Learning. Landsc. Urban Plan. 2018, 180, 148–160. [Google Scholar] [CrossRef]

	



Wang, B.; Loo, B.P.Y.; Zhen, F.; Xi, G. Urban Resilience from the Lens of Social Media Data: Responses to Urban Flooding in Nanjing, China. Cities 2020, 106, 102884. [Google Scholar] [CrossRef]

	



Karika, A.E. Facilitating Multi-Stakeholder Engagement for Smart City Development. Bachelor’s Thesis, Haaga-Helia University of Applied Sciences, Helsinki, Finland, 2019. [Google Scholar]

	



Hartama, D.; Mawengkang, H.; Zarlis, M.; Sembiring, R.W. Smart City: Utilization of IT Resources to Encounter Natural Disaster. J. Phys. Conf. Ser. 2017, 890, 012076. [Google Scholar] [CrossRef]

	



Saravi, S.; Kalawsky, R.; Joannou, D.; Casado, M.R.; Fu, G.; Meng, F. Use of Artificial Intelligence to Improve Resilience and Preparedness against Adverse Flood Events. Water 2019, 11, 973. [Google Scholar] [CrossRef]

	



Chen, X.; Zhang, H.; Chen, W.; Huang, G. Urbanization and Climate Change Impacts on Future Flood Risk in the Pearl River Delta under Shared Socioeconomic Pathways. Sci. Total Environ. 2021, 762, 143144. [Google Scholar] [CrossRef]

	



ZHENG, Y.; XIE, X.-L.; LIN, C.-Z.; WANG, M.; HE, X.-J. Development as Adaptation: Framing and Measuring Urban Resilience in Beijing. Adv. Clim. Change Res. 2018, 9, 234–242. [Google Scholar] [CrossRef]

	



Wilts, H.; Garcia, B.R.; Garlito, R.G.; Gómez, L.S.; Prieto, E.G. Artificial Intelligence in the Sorting of Municipalwaste as an Enabler of the Circular Economy. Resources 2021, 10, 28. [Google Scholar] [CrossRef]

	



Hsueh, S.-L.; Sun, Y.; Yan, M.-R. Conceptualization and Development of a DFuzzy Model for Low-Carbon Ecocities. Sustainability 2019, 11, 5833. [Google Scholar] [CrossRef]

	



Kondor, D.; Santi, P.; Le, D.-T.; Zhang, X.; Millard-Ball, A.; Ratti, C. Addressing the ‘Minimum Parking’ Problem for on-Demand Mobility. Sci. Rep. 2020, 10, 15885. [Google Scholar] [CrossRef] [PubMed]

	



Habitat, U. State of the World’s Cities 2012/2013: Prosperity of Cities; Routledge: London, UK, 2013; ISBN 9780415838887. [Google Scholar]

	



Kumar, T.V.; Dahiya, B. Smart Economy in Smart Cities; Springer: Singapore, 2017. [Google Scholar]

	



Rifkin, J. The Zero Marginal Cost Society: The Internet of Things, the Collaborative Commons, and the Eclipse of Capitalism; Palgrave Macmillan: New York, NY, USA, 2015; ISBN 1137280115. [Google Scholar]

	



Tavoni, M.; DE Cian, E.; Luderer, G.; Steckel, J.C.; Waisman, H.W. The Value of Technology and of Its Evolution towards a Low Carbon Economy. Clim. Change 2012, 114, 39–57. [Google Scholar] [CrossRef]

	



Turok, I.; McGranahan, G. Urbanization and Economic Growth: The Arguments and Evidence for Africa and Asia. Environ. Urban. 2013, 25, 465–482. [Google Scholar] [CrossRef]

	



Allam, Z.; Newman, P. Redefining the Smart City: Culture, Metabolism and Governance. Smart Cities 2018, 1, 4–25. [Google Scholar] [CrossRef]

	



Amiri, S.S.; Mottahedi, S.; Lee, E.; Hoque, S. Peeking inside the Black-Box: Explainable Machine Learning Applied to Household Transportation Energy Consumption. Comput. Environ. Urban Syst. 2021, 88, 101647. [Google Scholar] [CrossRef]

	



Alsamhi, S.H.; Afghah, F.; Sahal, R.; Hawbani, A.; Al-qaness, A.A.; Lee, B.; Guizani, M. Green Internet of Things Using UAVs in B5G Networks: A Review of Applications and Strategies. Ad Hoc Netw. 2021, 117, 102505. [Google Scholar] [CrossRef]

	



Shen, J.; Saini, P.K.; Zhang, X. Machine Learning and Artificial Intelligence for Digital Twin to Accelerate Sustainability in Positive Energy Districts. In Data-driven Analytics for Sustainable Buildings and Cities; Springer: Singapore, 2021; pp. 411–422. [Google Scholar]

	



Pourahmad, A.; Ziari, K.; Hataminejad, H.; Parsa, S. Explanation of Concept and Features of a Smart City. Bagah-E Nazar 2018, 15, 5–26. [Google Scholar]

	



Kobashi, T.; Yamagata, Y.; Yoshida, T.; Chang, S.; Mochizuki, Y.; Ahl, A.; Aleksejeva, J. Smart City and ICT Infrastructure with Vehicle to X Applications toward Urban Decarbonization. In Urban Systems Design: Creating Sustainable Smart Cities in the Internet of Things Era; Elsevier: Amsterdam, The Netherlands, 2020; pp. 289–333. [Google Scholar] [CrossRef]

	



Grekousis, G.; Manetos, P.; Photis, Y.N. Modeling Urban Evolution Using Neural Networks, Fuzzy Logic and GIS: The Case of the Athens Metropolitan Area. Cities 2013, 30, 193–203. [Google Scholar] [CrossRef]

	



Lindell, M.K.; Brandt, C.J. Climate Quality and Climate Consensus as Mediators of the Relationship between Organizational Antecedents and Outcomes. J. Appl. Psychol. 2000, 85, 331–348. [Google Scholar] [CrossRef] [PubMed]

	



Pinkas, A. Smart Governance Warunkiem Osiągnięcia Neutralności Klimatycznej; University of Wrocław: Wrocław, Poland, 2021; pp. 135–148. [Google Scholar] [CrossRef]








[image: Ijerph 19 11183 g001 550] 





Figure 1. Research idea. Authors’ own elaboration. 
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Figure 2. Research gap presenting the limited number of climate-related papers embedded in smart city concepts employing AI. Authors’ own elaboration based on Scopus keywords search. 
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Figure 3. Research format. Authors’ own elaboration (based on methodological approach of Giffinger et al. [6]). 
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Figure 4. PRISMA application flowchart introducing the methodological approach (adapted from Yasin and Abbas [59] and Page et al. [11]). 
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Figure 5. The initial assumptions for building the model. Authors’ own elaboration. 
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Figure 6. The AI-based solution shaping climate awareness model. Authors’ own elaboration. 
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Table 1. Result of SLR search. Authors’ own elaboration.
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Smart City Concept Covering Fields

	
Smart

People

	
Smart Mobility

	
Smart Living

	
Smart

Environment

	
Smart Economy

	
Smart

Governance






	
Generic keywords responding to theoretical framework

	
smart city, climate change, AI/artificial intelligence




	
Keywords

(initial dependent variables)

	
education

	
mobility

	
participation

	
adaptability or resilience

	
circularity

	
digital twin




	
Google Scholar

	
386

	
3020

	
2700

	
667

	
144

	
388




	
Scopus

	
4

	
1

	
1

	
2

	
2

	
0




	
Web of Science

	
7

	
0

	
0

	
0

	
1

	
0




	
EBSCO

	
10

	
5

	
765

	
1106

	
594

	
754




	
Elsevier

	
25

	
47

	
31

	
48

	
21

	
25




	
Emerald

	
5

	
12

	
5

	
11

	
6

	
10




	
Taylor & Francis

	
4

	
6

	
3

	
6

	
8

	
11




	
ProQuest Central

	
61

	
295

	
148

	
103

	
79

	
95




	
Wiley

	
5

	
11

	
4

	
4

	
3

	
6




	
Selected studies (for case studies evaluation)

	
4

	
9

	
7

	
9

	
9

	
4








Note: Positions highlighted in blue indicate the concepts with the highest number of devoted publications, which have the broadest coverage in the subject literature.
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