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Internet and Communication Technology (ICT) tools have been already introduced in every aspect of environmental science. Regarding climate change, research trends and developments on ICT help realize how ICT evolved and its potential future role in climate change. This study aimed to assess ICT solutions in climate change research trends using the Scopus database, bibliometric indicators, and network visualization. After a preliminary application of various combinations, the phrase “ICT and climate change” was used with language selection “English” from 01/01/1999 to 01/12/2021. A collection of 453 articles published in scientific journals and conference proceedings was revealed, which allowed the visualization mapping of the research agenda in the field of ICT and climate change. The most relevant topics are related to Computer Science, Engineering, Environmental and Social sciences. It has been found that a significant amount of documents were published after 2008. The Royal Institute of Technology-KTH was the most productive institution, followed by the Consiglio Nazionale Delle Ricerche and the Universitetet I Oslo. In addition, the dominant countries in the respective research area were the United Kingdom, Italy, United States, India and Sweden. According to citations, most of the published research activity emerged in various journals, like Environment and Planning, Cities and Energies. It was possible to spot past trends and ongoing development, intending to introduce ICT tools in climate change impacts and examine the issues expected to be pertinent in the future.
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INTRODUCTION
Environmental issues dictate the global research agenda of this century. Climate change mitigation and adaptation policies influence every aspect of the social and environmental debate at the national and international levels. ICT, analytical tools and frameworks for the communication of respecting challenges are vital players in combatting and describing research trends and preparedness to tackle climate change.
Climate change is not just about global warming. The global climate changes the occurrence and the severity of weather phenomena and concurrently increases the existing pressure on ecosystems and societies (Field et al., 2014). Climate change caused by anthropogenic activities (CO2, CH4, HFCs, N2O emissions) also exacerbates natural-weather phenomena such as storms, fires, floods, and heatwaves (Sahil and Sood, 2021). The Intergovernmental Panel on Climate Change (IPCC) stated that natural disasters are expected to increase with a 1.5°C increase in global warming (Djalante, 2019). In the same context, Street et al. (2019) emphasize the importance of using data from climate change to strengthen prevention and reconstruction measures for a natural disaster. Preventive measures and action plan to reduce the risk and occurrence of catastrophic events should also involve all actors and levels so that all decisions are based on valid information and data such as time series, seasonal forecasts, minimum and maximum temperature trends, short-term forecasts of temperatures and rainfall, models of fire forecasts, models of gas and water currents, the use of communication and information technologies. The aim is to develop decision-making systems to promote policies that will strengthen the full range of state preparedness and response in a natural disaster (Street et al., 2019; Khan et al., 2020; Zuccaro et al., 2020)
Τhe devastating effects of climate change are putting enormous pressure on societies. Cities need to develop strategies and actions to reduce and mitigate these effects. Urbanization creates additional challenges, and as the population of cities increases, so does the need for energy. Thus a new concept has been added to sustainability and the proper management of natural resources. This concept is the digitalization and management of data generated from the individual to the city level ((Balogun et al., 2020).
This data through ICT can offer enormous potential for societies to adapt to climate change. There is a space for digital innovation, from creating databases to the real-time monitoring of natural phenomena to the utilization of clean technologies, interoperability of systems, and transparent diffusion of all this information and data (Munang et al., 2013). Moreover, ICT tools and applications deployment fortify global monitoring of environmental pollution, GHG emissions and ecosystem resilience, food resources, deforestation, the balance of energy demand and supply, energy efficiency, waste management and educational activities for climate change mitigation (Keith Dickerson et al., 2010; Lee and Mwebaza, 2022).
Today, talking about climate change, innovation and digitalization, the benchmark is sustainability and the goals that have been set. The 11th and 13th sustainable development goals, referred to smart cities and climate action, are two goals related to both climate change and energy systems management. On the one hand, ICT can provide solutions; on the other, its use raises questions (Mondejar et al., 2021). Questions are raised about the environmental impact of ICT, the energy requirements for their production and management, the resilience of energy systems, their life cycle, their construction materials and the intensification of their industrial production. Therefore, it is essential to focus on examining the scientific content of ICT concerning climate change (Jasiūnas et al., 2021; Kunkel and Tyfield, 2021).
Internet and Communication Technology applications conceptualize problems and solutions, risks and effects of climate change and global warming on agriculture, energy efficiency, renewable energy, water supply, hazard risk management, weather phenomena, food systems, and sustainable development. Moreover, this century is also the century of big data and data analytics. The digitalization of environmental sciences throughout ICT products provides a contemporary framework for addressing climate change challenges and perspectives (Tongia et al., 2005; Ballantyne et al., 2016; Gangopadhyay et al., 2019; Koliouska and Andreopoulou, 2020).
The core of ICT is the transmission, processing and interpretation of electronically generated information and data through devices. The interconnection of devices and sensors and the development of WiFi technologies emerged in the Internet of Things (IoT). Therefore, IoT provides vast data without analytic platforms and frameworks that are not interpretable and useful for decision-making and planning. IoT applications such as smart grids, smart healthcare, smart transportation, smart cities, smart agriculture, and the respective produced data can now be utilized since IoT technologies enhance interoperability of big data, cloud computing, fog computing, edge computing, and semantic web, and data storage (Ahmed et al., 2017; Atitallah et al., 2020).
Along with the increase and processing of these data, a need arose for transparency and protection. Blockchain technology is also used for this purpose. Blockchain, Artificial Intelligence (A.I.), and cloud computing expand into research areas such as security and privacy, software engineering, resource management and energy management (Gill et al., 2019; Majeed et al., 2021). These ICT technologies and their potential for sustainability have already been recognized and integrated into sustainability goals. Moreover, the transition to more proper resource and data management across the spectrum of food production, processing and distribution, as a result of digitalization, has led, among other things, to more energy-efficient management, reduction of greenhouse gases from the agricultural sector, carbon emissions trade, clean trade energy reduction, reduction of waste, reduction of commercial and processing costs, food tracking, food supply chain transparency (El Bilali and Allahyari, 2018; Talari et al., 2021).
As the population grows, so does the energy demand locally and nationally. At the same time, the environmental pressure from greenhouse gases is increasing. Therefore, adopting and applying innovative technologies such as IoT provides opportunities for proper management across the energy sector, such as production, transmission, management, design and transition to renewable forms (Ahmad and Zhang, 2021; Cheng et al., 2022).
Bibliographic trends and studies on various factors and research topics with a central focus on climate change have been carried out; however, it does not appear if there is any similar bibliometric research on this topic. Hou and Wang (2021) discuss the connection and the association between environment, energy and climate change. ICT usage and its contribution as a development factor of global greenhouse gas emission (GHGE) was the aim of another bibliometric analysis performed by Zaung Nau and Marinova (2020). Besides, Wang et al. (2014) submitted a bibliometric analysis regarding climate change vulnerability through various bibliometric indicators. Another study dealing with climate change was completed by Haunschild et al. (2016). The target was only climate change for an extended period in this research. Despite the increasing usage of bibliometric techniques in various research domains, there have been few attempts to collect and analyze publications data on the ICT in climate change.
One of the most common tools for analyzing and evaluating research production is bibliometric indicators. The research evaluation also reflects the development at the theoretical and technological level as new tools and methods are used to deepen a research field.
Bibliometric research of a domain relies on various indicators like publications patterns, citation, references similarities, research productivity of authors and institutes, and keyword analyses of multiple entities like authors, nations, organizations, and literature patterns. It unveils diverse scientific insights and clarifies various issues researchers tackle in quantifying a domain’s frontiers, evolution, progress, and future perspective.
The following research questions (R.Q.) will help the study offer academics and decision-makers a perspective on ICT and climate change research content and topics addressed in the literature. RQ1: What changes have occurred in the literature on ICT and Climate change from 1999 to 2021? RQ2: What have been the most influential research articles, such as those published in Scopus? RQ3: What are the most important topics discussed in the ICT and climate change literature?
Τhis specific study contributes to the imprint of the scientific literature, while the bibliometric indexes of this research outline the research production on ICT and climate change. Scientific articles covered the period from 1999 to 2021, when the usage of digital tools and the digitalization of many research areas were magnified. Thus, this research aims to assess the trends and frontiers in ICT in climate change using the Scopus database, various bibliometric indicators, and visualizing respective scientific literature. Moreover, this research delivers a bibliometric approach describing the research direction of this field and helps future decision-making processes for policymakers, including the public and private sectors. (Wang et al., 2014; Haunschild et al., 2016; Einecker and Kirby 2020; Zaung Nau and Marinova 2020; Bertoglio et al., 2021; Hou and Wang 2021).
MATERIAL AND METHODS
For the above research, a search was performed in the Scopus database, as it includes 1,7 billion cited references and covered nearly 2,600 serial titles from approximately 7,000 publishers in top-level subject fields: life, social sciences, physical sciences and health sciences. Additionally, the Scopus database offers many advantages like diversification, the flexibility of research fields and an advanced document analyzer mechanism1 (Yataganbaba and Kurtbaş, 2016; Martín-Martín et al., 2018; Zyoud and Fuchs-Hanusch, 2019). This mechanism is based on Boolean Syntax for retrieving documents by combining keywords using various Boolean operators (Yataganbaba and Kurtbas 2016; Martín-Martín et al., 2018; Zyoud and Fuchs-Hanusch 2019; Sahil and Sood, 2021). Overall, the Scopus database provides many scientific journals with an advanced indexing operation (Zhao et al., 2019; Darko et al., 2020).
After a preliminary application of various combinations, the phrase ‘ICT and climate change” was used with a time range from 01/01/1999 to 01/12/2021 and with language selection in English, and search details: TITLE-ABS-KEY (ICT AND climate AND change) AND [LIMIT-TO ( DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE, “re”) OR LIMIT-TO (DOCTYPE, “cr”)]. Only research documents, manuscripts from conference proceedings and reviews were included. Moreover, the obtained manuscripts were recorded in the Microsoft Excel program by the year, subject area, document type, and institutional affiliation. VOS Viewer program was applied to visualize the results and create a bibliographic map2. We performed a co-authorship analysis using the full counting method, assigning the same weight to each co-authorship link. The full counting method was further used in the co-occurrence analysis of the keywords in the title, abstract, and the text of the manuscripts. The bibliometric analysis was developed by executing the following steps: research criteria, study questions, and analysis approach selection (the year, subject area, document type, and institutional affiliation, keyword analysis, network of authors, research evolution), bibliometric data selection, and analysis by using the bibliometric software, and generate networks, visualization figures, and interpretation of the results. The research productivity of different countries was further normalized, applying the national Gross Domestic Product (GDP) extracted from the World Bank online databases3.
RESULTS
Research articles and conference papers were the most common document types published for “ICT and climate change” of 453 manuscripts (Table 1). Further, the top five institutions that published ICT and climate change documents were identified (Table 1). The Royal Institute of Technology-KTH was the most productive institution in academic publications, followed by the Consiglio Nazionale Delle Ricerche and the Universitetet I Oslo (Table 1). Moreover, three European countries, the United Kingdom, Italy and Sweden, were among the top five productive countries. The list also includes the United States and India.
TABLE 1 | Descriptive characteristics of manuscripts indexed in the Scopus database.
[image: Table 1]Considering GDP, Sweden is the number one country among the top five productive countries, followed by Italy and United Kingdom. Greece has the best score (∼100-data not shown) in this indicator, considering the number of records, 19 and the nominal GDP. It is worth mentioning the absence of countries that originated from Latin America and Africa in all respective categories of Table 1. The absence of African and Latin American countries is mainly documented by the general delay in adopting information technologies in many areas of the economic and social sectors. Obstacles exist from critical structural economic problems of African countries, lack of access, poor network infrastructures, lack of ICT skills, language barriers, high cost of software and hardware, lack of proper legal framework, lack of investments (Touray et al., 2013; Tuheirwe-Mukasa et al., 2019). Moreover, high level of illiteracy and low education level, low dissemination level of ICT due to the low educational and trained workforce in developing countries, non-use of the Internet by youth in African regions contribute to the low absorbance of such technologies to social and economic processes (Niyibizi and Komakech, 2013; Goel and Vishnoi, 2022; Jolex and Tufa, 2022; Zhang et al., 2022).
In the same context, barriers to adopting ICT in countries of Latin America usage are high costs, lack of skills, low broadband subscriptions, and various socioeconomic and infrastructural factors like income, gender, GDP per capita and educational level leading to low adoption and implementation of ICT tools and products ((Leroux et al., 2008; Galperin, 2017; Alderete, 2019; Arredondo-Trapero et al., 2021). In addition, a clear positive link between utilization of ICT and access to electricity, civil liberties, urban population, infrastructure and social stratification is also identified (Pick et al., 2021).
The highest citation number was 211 for the article entitled “Smart cities and green growth: Outsourcing democratic and environmental resilience to the global technology sector” (Table 2). This document received the most outstanding scientific attention and was published in 2014 in Environment and Planning A journal. It recorded 211 citations up to the data analysis time (01/12/2021). It is worth highlighting that the top five highly cited papers were published in five different journals from 2010 to 2017.
TABLE 2 | Top five cited articles indexed in the Scopus database.
[image: Table 2]The number of published manuscripts determines a reasonable evaluation of the respective trend in a specific research domain. Publications were categorized annually, disclosing that the first manuscript appeared in 1999; however, the exponential growth of produced articles is signified after 2008 (Figure 1). In 2020, the highest number of manuscripts (52) was published. This year (2021), 44 records have already been published until now (01/12/2021). Furthermore, the annual publication graph illustrates that researchers have started paying attention to how ICT tools can reinforce climate change policies since 2009. This scientific interest is evident because there has been an exponential increase in published documents after 2009.
[image: Figure 1]FIGURE 1 | Number of documents by year.
Figure 2 illustrates the number of documents that combine the subject area of ICT products and the climate change research theme. ICT regarding climate change has become a topic also for multiple disciplines beyond environmental sciences. More than 20 subject areas cover this scientific domain, and most of the retrieved manuscripts belong to Computer science (23.88%), Engineering (15.88%), Social (14.59%) and Environmental Science (11.06%). Furthermore, as shown in Figure 2, Energy, Decision Management, Earth Sciences, and Agricultural and Biological Science are also linked to climate change research and ICT.
[image: Figure 2]FIGURE 2 | Percentage of documents by subject area.
A network visualization map of the co-occurrence of keywords is depicted in Figure 3. This outcome was executed based on the 3,664 terms extracted from the title, keywords, and abstract fields of retrieved records. Setting the minimum number of keyword occurrences to 10, only 44 met the threshold. The map categorized terms into six significant clusters with respective colours. The colour of an item is dictated by the cluster to which the item belongs. In essence, the closer two keywords are spotted, the stronger their relatedness.
[image: Figure 3]FIGURE 3 | Keyword analysis and total link strength of keywords in each cluster.
Figure 3 illustrates each cluster item with the best score of total link strength. Moreover, total link strength measures each keyword’s importance through an assigned weight in VOS software. In this line, climate change is the item of the second cluster with the best score and ICT of the fourth cluster, justifying the essential search criteria.
Based on the map, six clusters were identified. The terms with the highest occurrences were greenhouse gases (red cluster-10 items), climate change (green cluster-10 items), energy efficiency (blue cluster-7 items), information and communication technology (yellow cluster-7 items), sustainable development (purple cluster-6 items) and information systems (light-blue cluster-4 items). An analytical description of the correspondence items is presented in Table 3.
TABLE 3 | VOSviewer clusters "'ICT and climate change".
[image: Table 3]The red cluster contains ten keywords and their co-occurrence relationships. This cluster is built around emissions and contains carbon dioxide, carbon emission and footprint, economic and social effects, emission control, gas emissions, global warming, greenhouse gases and investments. Moreover, the red cluster represents the research frontiers between gas emissions policy and respective economic objectives. The green cluster includes 11 keywords and refers to climate change. Agriculture, climate change, decision making and support systems, disasters, information and communication technologies, Internet of things, smart city and strategic approach are keywords that belong to this cluster. Decision support systems and ICT products are required in agriculture to tackle climate change impacts. The blue cluster with seven keywords (energy conservation, energy efficiency, energy policy, energy utilization, green computing, renewable energy, renewable energy resources) covers principal energy issues. The energy sector plays a crucial role in climate change agendas and mitigation decision-making processes.
The yellow cluster encompasses environmental impact, ICT, management, and life cycle items. This cluster accentuates the contribution and the driving force of ICT in environmental management and resources. In the same vein, the purple cluster involves e-learning, education, environment, information technology, sustainability, and sustainable development. This cluster provides research approaches to environmental sustainability and development using information technology and e-learning tools. Light-blue cluster amount to four keywords, developing countries, environmental sustainability, information systems and innovation. This cluster links the relationship of economic feasibility with environmental sustainability through the pivotal determinant of innovation.
In terms of authorship, three documents per author are considered to retrieve the author link strength in this bibliometric analysis. Out of 1,380 authors, 11 authors meet the threshold. Some of the authors are close together, while others are linked in a cluster. The closer the authors are to each other, the stronger their relationship is in the analysis4 (McAllister et al., 2021). Researchers in ICT and climate change with the maximum number of published documents are Preist, C., Moberg, A., Hasan, H. and Bergmark, P. (Figure 4).
[image: Figure 4]FIGURE 4 | Network of authors, number of documents and total link strength.
Furthermore, when considering the authors’ total link strength, Acquaviva, A. with Patti E., Kasim, H. with Al-ghaili A.M. and Monzon A. with Valdes C. are connected, formulating three clusters. Although they are visible in the network, the other five authors are not connected with any authors. We can say that the above researchers’ studies are influential and have great importance in this domain.
The visualization of the selected keywords using the total link strength of the VOSviewer is depicted in Figure 5. Research trends in the last decade are also identified. The initial research in this domain was primarily focused on information technology. In the following years, environmental impact, global warming and emission control enriched the research agenda. In the middle of the last decade, greenhouse gases and energy issues were emphasized, while sustainability concepts and educational topics have also entered the scientific domain of ICT in climate change. Eventually, the Internet of things and holistic approaches to climate change issues penetrated this research content at the end of the previous decade.
[image: Figure 5]FIGURE 5 | Evolution of research on ICT in climate change over time.
DISCUSSION
Climate change mitigation and sustainability go hand in hand. Most of the clusters revealed in this bibliometric analysis discuss sustainability and refer to it in various forms and perspectives. One information and communication technology task is to unite and balance geographical and economic disparities among countries and conceptualize the know-how of sustainability and sustainability schemes (Malmodin et al., 2010).
Research attention has been dedicated to sustainability, e-learning and educational tools. The process of long-term education aimed at changing society’s attitude towards climate change and reducing the resulting environmental burden is often underestimated. A typical example is waste management, which directly and indirectly affects the environment, producing pollutants, deteriorating public health and raising questions about the circular economy and the transition to more renewable energy technologies (Pappas et al., 2022). Knowledge management systems and processes, including knowledge capturing, knowledge creation, knowledge transferring, and knowledge reusing, are crucial in accomplishing ICT utilization tools, like sensors, decision support systems and semantic technologies toward green economic, social and environmental perceptions (Malmodin et al., 2010; Hamad, 2018).
Dissemination activities and actions plans against climate change include the engagement of people and societies in every aspect. Alexandru et al. (2013) describe the efforts of students to participate in activities against climate change consequences and combine a strategic approach toward this goal from various disciplines and scientific perspectives (McNeil 2011; Alexandru et al., 2013; Klimova 2018). Geospatial ICT, climate planning, policies, and green infrastructure, among others, are discussed as critical players in sustainable urban transition in the last most cited paper that revealed this bibliographic research (Collier et al., 2013).
Climate change and extreme weather phenomena affect the whole spectrum of agricultural production and agricultural practices. Climate change affects the productivity of agriculture with a wide range of factors such as meteorological conditions, the emergence of pests and diseases, and the adaptability of crop varieties. Minimizing the effects of climate change can be reversed by integrating digital technologies and data innovation. The advent of smart farming and loT can transform the agriculture domain.
Studies on the interactions and the links between climate change and the Internet and communication technology have broadly connected innovation in the agricultural sector to battle climate change impacts. Keywords like agriculture, ICT, global warming, and environmental impact are rotated around the digital transformation of the agricultural sector and the usage of ICT applications to minimize exploitation of natural resources and maximize usage of renewable energy resources (Wolfert et al., 2017; Moysiadis et al., 2021). Smart farming will maintain the sustainability of agriculture and will continue to support it. In addition, ICT services such as Big Data, Cloud Computing, Image Processing, Machine Learning, Artificial Intelligence, Unmanned Aerial Vehicles and Wireless Communication Networks will be integrated into the entire production’s infrastructure and support agronomists’ decision-making. In addition, complete solutions that combine crops, livestock and forestry, along with the weather forecasts, promise to reduce overall production costs and greenhouse gas (GHG) missions (Wolfert et al., 2017; Moysiadis et al., 2021).
The agricultural sector has a significant contribution to global warming through the production of greenhouse gases. ICT applications and technological innovations are applied to manage produced data from the digital transformation of agricultural practices. For instance, RFID and blockchain technology contribute to collecting and circulating critical information on the production, processing, and storage of products in the agri-food sector while elevating these products’ quality and simultaneously enhancing traceability (Singh et al., 2015; Kamilaris et al., 2016; Tian, 2016; Wolfert et al., 2017; Braun et al., 2018).
Another sector that is very intensely involved in climate change through increased greenhouse gas emissions is the transport sector, which in Europe is the second-largest emitter of greenhouse gases. Aiming at the sector’s decarbonization, Internet and communication technologies and digital innovation play an essential role in integrating clean technologies and the proper energy management (Madurai Elavarasan et al., 2022). For example, heating and cooling systems management, automation power consumption, circuit management automation, industrial energy optimization with sensors, artificial intelligence in reducing energy consumption in aviation, shipping and vehicle industry and innovative home applications, energy calculation in the building construction industry, are some of the solutions offered by ICT and digitalization in energy consumption (Madurai Elavarasan et al., 2022). Needless to say that this is realized through the generation and analysis of produced data and taken into account in energy planning and monitoring, smart-city and smart building energy management and energy savings, industrial energy management and smart energy management strategies and energy demand forecasting. Circularity and connectivity coordinate with sustainability and climate-friendly actions (Kim, 2018; Andersson and Eidenskog, 2020; Ahmad and Zhang, 2021).
Against this background, ICT, energy and sustainable development dictated the research evolution in the last decade in this field, and researchers’ respective interests have been increased. Experts and policymakers in the E.U. notably design actions-plans to confront challenges from the growing population, energy demand, and climate change (Koliouska and Andreopoulou 2020). Today, more than ever, digital innovations strive to unite sustainability and natural resource management through circular economy projects. Circular economy and respective ICT tools are related to life-cycle product costing, impact assessments and circularity measurements inside firms and organizations. In addition, new business models of circular economy favour big data management, artificial intelligence, machine learning, and blockchain technology. These models lead to the new value creation of products and services through digitalization with minimum environmental impact (Chauhan et al., 2022).
Moreover, adopting ICT products and tools can act as a unit of measurement between developing and developed countries in climate change mitigation. This research showed that India is the only developing country among the top five most productive countries in this research field. In this vein, developing countries need to support the establishment and deployment of ICT infrastructures and tools to tackle climate change impacts and promote the transformation of their economy (Hilty 2008; Mohamed et al., 2010; Andreopoulou et al., 2014).
In addition, seen from the viewpoint of research orientation among the top-cited articles, the manuscript from Viitanen and Kingston (2014) called for a critical evaluation of the smart city concept, the role of the private digital firms and whether this leads to a limited and vague perception of citizens regarding green growth (Viitanen and Kingston 2014).
The effects of climate change on public health are multidimensional and multifaceted. The intensity, frequency and magnitude of natural disasters resulting from climate change and environmental degradation also affect the health profile of people. By recording climatic factors such as extreme weather events, which affect the anthropogenic environment, affecting human risk and vulnerability, various ways of burdening public health are finally emerging. Some examples are diseases related to the deterioration of air quality, epidemics of contamination of aquatic ecosystems, cardiovascular diseases from extreme temperatures, mental disorders and many others (Crimmins et al., 2016).
Furthermore, the research topic of the second most cited study was focused on a clinical issue related to climate change, allergies. Weather phenomena, atmospheric disturbances, and environmental factors related to climate change are expected to influence the prevalence of allergic diseases and alter public health issues and policies (D’amato et al., 2007; Ayres et al., 2009; Haahtela 2009; Bousquet et al., 2015). It is recognized that urbanization contributes to air pollution and climate change, affecting air quality. Air pollution is severe in developed and developing countries and translates into premature deaths, 9 out of 10 recorded in low- and middle-income countries, cardiovascular and respiratory diseases. For instance, in 2016, 4 out of 10 Americans lived in environments with sub-standard air quality levels5 (Balogun et al., 2021).
The paper of Malmodin et al. (2010) highlighted a distinct argument about the contribution of ICT products to the entertainment and media sector in greenhouse gas emissions. However, this study did not consider the capabilities of ICT solutions to mitigate climate change impacts (Malmodin et al., 2010). A more detailed analysis regarding the energy consumption of ICT products and the potential carbon footprint of data centres in Europe was conducted by Avgerinou et al. (2017). This study highlighted the positive correlation between the incremental production of ICT products for communication that generates data to be managed and the energy consumption of data centres. A declined trend in energy consumption was also observed, and overall, the authors underlined the key policies to be adopted from the ICT sector to develop and advance energy efficiency in data centres (Avgerinou et al., 2017). Although the digitization and use of ICT contribute positively to economic, social and environmental sustainability, the energy requirements for the production and provision of these digital services need further study, especially when their contribution is considered concerning goals such as the transition to renewables and decarbonization (Freitag et al., 2021; Madurai Elavarasan et al., 2022). Digitalization impacts the energy sector and plays a vital role in energy storage and optimization.
Various ICT applications and solutions for renewable energy sources and their demand and supply management help distribute the generated energy from a small house to transnational energy exchange and trade (Mondejar et al., 2021). On top of that, the term “Green IoT” has appeared in the literature recently. Green IoT aims to minimize greenhouse gases from the Internet of Things, existing IoT devices and services, such as networks, cloud computing and data centres (Benhamaid et al., 2022).
ICT applications are at the forefront of tackling climate change through sophisticated products. Monitoring, predicting and managing the environmental, ecosystem, and anthropogenic inputs provide critical help to countries to adapt, prepare and plan respective policies about the energy sector, agricultural sector, sustainable development, and climate change impacts. Significantly, the energy consumption in cities renders ICT utilization necessary to tackle climate change consequences. Energy efficiency in an urban environment is at the heart of smart cities and the Internet of Things concept of exploiting data and connecting devices through ICT infrastructures (Silva et al., 2018).
CONCLUSION
The present study addresses the bibliometric analysis of ICT regarding the climate change research agenda available in the Scopus database. Four hundred fifteen three documents met the criteria. Most of the articles were classified in Computer Science, Engineering, Environmental and Social Science, Energy and multiple diversified subject areas, highlighting the interdisciplinarity of Internet and Communication Technology diffusion in climate change issues. Subsequently, this bibliometric study allowed visualization of the research trends for the topic mentioned above in the last 22 years. Greenhouse gases, climate change, ICT, agriculture, energy utilization and efficiency, sustainable development and innovation are, among others, topics highly related to climate change and ICT and are an essential focus of global research (Bandh et al., 2021).
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