

  agronomy-11-00782




agronomy-11-00782







Agronomy 2021, 11(4), 782; doi:10.3390/agronomy11040782




Article



Green Infrastructures and Grand Environmental Challenges: A Review of Research Trends by Keyword



José Luis Caparrós-Martínez[image: Orcid], Juan Milán-García *, Rosa María Martínez-Vázquez[image: Orcid] and Jaime de Pablo Valenciano[image: Orcid]





Department of Economic and Business, University of Almeria, 04120 Almeria, Spain









*



Correspondence: author: jmg483@ual.es







Academic Editors: Djamilia Skripnuk and Gulnara Romashkina



Received: 18 March 2021 / Accepted: 13 April 2021 / Published: 16 April 2021



Abstract

:

This article aims to analyze research trends on the role played by green infrastructures as a tool seeking to address current environmental challenges, such as climate change, that put human well-being at risk. For this purpose, a bibliometric analysis was used on documents obtained from the WoS database, and selecting the combination of words “green infrastructures”, “ecosystem services”, and “climate change”. The results of this study point to the potential for Green Infrastructures to become a major strategic factor in addressing the global environmental and social challenges facing cities. The findings obtained are relevant to researchers, professionals, and others working on green infrastructure research as tools to address current global environmental problems, such as climate change, urban pollution, loss of biodiversity, or the risk of emergence of new epidemics or diseases.
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1. Introduction


Recent studies show the relationship between the degradation and pollution of natural ecosystems and the increased risk of disease or economic losses for the human population as a result of extreme environmental events [1,2,3].



This seems to show that the environmental challenges we face as a society, such as climate change or loss of biodiversity, are not only an ecological problem but also a health and economic one.



Therefore, it is essential to change the mindset when addressing economic, health, and spatial planning policies and strategies to include measures aimed at integrating natural and urban systems and protecting biodiversity.



These policies should not treat natural habitats as merely a source of resources or energy to produce goods and services; it is also important to remember that they also provide other environmental services that are key to human well-being, such as climate change, food security, and reducing the risk of environmental disasters and diseases.



Historically, conventional economics has not valued these environmental services. However, recent research shows that the economic value of natural ecosystems in terms of their contribution to human well-being and health have an economic value between 10 and 100 times higher than the cost related to its conservation [4,5,6].



In this new context, Nature-Based Solutions that embrace actions that support ecosystems and provide services that increase and protect human well-being, health, and development [7,8] become crucial.



Included among these solutions are Green Infrastructures (GI), a strategically planned network of natural and semi-natural spaces and other environmental elements designed and managed to offer a wide range of ecosystem services (Figure 1) [9].



Investment in GI is based on the logic that investing in nature-based solutions will always be more profitable than replacing these environmental services with human technological solutions [10].



GI is a new term that seeks to simplify complex ecological concepts related to ecosystems’ functioning and the environmental services they provide by making an analogy between the infrastructure of natural systems and the gray infrastructure of artificial human systems, such as roads, electrical networks, or hydraulic infrastructures. It encompasses both green spaces in land (natural, rural, and urban) and marine areas.



In essence, we can specify that the term GI is based on three fundamental mainstays: ensuring the maintenance of ecosystem services, recovering and improving ecological connectivity to promote biodiversity conservation and applying measures to correct environmental imbalances in ecological restoration [9].



In the European context, this concept of GI is fully established, having been assumed as the primary element of the strategies of European institutions to achieve a climate-neutral Europe and protect natural habitats for the benefit of people, the planet, and the economy [9]. In this regard, the European Commission draws attention to the formulation of the Green Pact, a new growth strategy based on a green and just transition, which plans to mobilize at least EUR 100 billion during the period 2021–2027 [11].



These European policies suggest that GI could become a significant strategic factor for European cities and municipalities in addressing global environmental challenges and the economic and social reconstruction that will be necessary following the coronavirus epidemic.



As a result of the future relevance of GI, this study presents research trends on the subject regarding environmental challenges. The contribution of this paper focuses on research into scientific production from a global dimension of green infrastructures through the analysis of keywords. The findings obtained are relevant to researchers, professionals, and others working on green infrastructure research as tools to address current global environmental problems, such as climate change, urban pollution, loss of biodiversity, or the risk of emergence of new epidemics or diseases.




2. Materials and Methods


To this end, the Web of Science (WoS) database was used, selecting the combination of words “green infrastructures”, “ecosystem services”, and “climate change”. The documents’ complete metadata were filtered to include only articles. The data were then extracted and subsequently processed using two bibliometric analysis tools, VOSviewer and Biblioshiny [12], through the analysis of Keywords Plus and Author Keywords [13]. The research techniques that use bibliometrics facilitate the discovery of trends in a particular research field by exploiting their keywords. Through these, it is possible to know which themes are of eminent topicality and understand their evolution [14].



WoS records provide two useful indicators for analysis: the keyword field as provided by the author and that expresses the essence of the research document and the Keywords Plus field, an algorithm that provides extended terms derived from the cited references or the bibliography of the record [15]. Moreover, Keywords Plus provides additional search terms, as they are extracted from the titles of the documents cited in their bibliographic records [16].



In the present case, to study the link between green infrastructures, environmental services they provide, and their contribution to adaptation and mitigation processes of climate change effects, the following three terms were selected: “green infrastructure”, “ecosystem services”, and “climate change”.



Data for this study were extracted from the WoS database due to its breadth and high quality [17,18,19]. Likewise, WoS collates articles published in impact journals, with Journal Citation Report (JCR) being the best-known quality indicator and the most valued by research evaluation bodies, measuring the impact of a journal according to the citations received.



Figure 2 depicts the methodological process applied. The following search for terms was applied: “green infrastructur*” and “ecosystem servic*” and “climate change”. A dataset of 216 documents was retrieved, of which 175 are articles. It was necessary to apply the filter to limit the sample to those documents that have a certain quality since impact journals have a very rigorous review process. As the first article found in the WoS database with this combination of terms is from 2008, the topic is deemed to be a recent one.



For the development of this research, two software programs, VOSviewer and Biblioshiny, were used for bibliometric mapping. In the case of the latter, it takes into account the advantages of the calculation algorithms and the graphical representations generated [20]. The justification of choice was determined mainly because VOSviewer can analyze clusters, co-occurrence, and display trends in their entirety using a full counting method. On the other hand, Biblioshiny offers a broader descriptive analysis, segregation by two indicators (Author Keywords and Keywords Plus), and more attractive visualization, being more user-friendly and easier to use than other tools [21].



In the case of VOSviewer, this program facilitates the visualization of bibliometric networks supporting a significant quantity of metadata [22,23]. From the download of records from WoS, produced by Clarivate Analytics of complete records and quoted references in plain text, 175 articles were analyzed from the period 2008–2020.



In parallel to this analysis, the bibliometrix package offers a set of tools for quantitative research in bibliometrics using the R programming language [24] to identify research streams and topics through the use of keywords found in the literature [25]. It uses the same file as the previous case and runs it through the R-studio console loading library (bibliometrix); biblioshiny. Once the action was executed, we deployed the “biblioshiny” interface as it is easier and more intuitive to use, thus avoiding the R language [20,26]. Following this step, we selected the database to obtain the results and view the visualization maps. The program is organized according to the scientific mapping workflow.



Three levels of metrics are presented in the graphs and analysis (source, author, and document). There are three knowledge structures (conceptual, intellectual, and social). For this research, particular interest is placed on two specific bibliometric indicators, those of Author Keywords and Keywords Plus, in order to assess the documents.



Firstly, to discover the most prominent topics using VOSviewer, the words extracted from the titles, abstracts, Author Keywords and Keywords Plus of the articles were analyzed, where, from 1087 words retrieved, 71 matches were found. From this point, we analyzed the links between the words grouped into five clusters and the topic trends of the selected database (175 journal articles).



Secondly, to identify the corresponding research field, scientific articles were analyzed where Author Keywords and Keywords Plus were analyzed separately. The cluster map was created using the Biblioshiny tool [24] using the conceptual-structure function where the themes highlighted by the Author Keywords and by Keywords Plus are expressed.



With these tools, it is possible to study research trends by analyzing the words given by the author and Keywords Plus to answer the following question: Are there any discrepancies in trends between the two bibliometric indicators (Author Keywords and Keywords Plus) in the case of green infrastructures? The results of the analysis and discussion are presented simultaneously.




3. Results and Discussion


In the bibliometric map, the clusters’ size was determined by different factors such as Keywords Plus and Author Keywords within the clusters, the frequency of occurrence and their weight. As a result, five thematic clusters were obtained that defined the main lines of research on green infrastructures (Figure 3).



Cluster 1 (green) This cluster is closely related to the concept of urban green infrastructures and the need to reconnect more than half the planet’s population living in urban areas with the biosphere [27].



This cluster groups articles investigating the possible involvement of GI with aspects related to urban planning, land-use management, climate change mitigation and adaptation policies, and other environmental risks faced by cities.



In this sense, more and more research is showing the multifunctionality and resilience of green infrastructures, especially in urban areas, which if properly planned and managed can contribute to improve both social and environmental aspects, favoring resilience and quality of life in cities [28,29,30,31,32,33].



On the other hand, there is also evidence that the gradual loss and degradation of green infrastructure elements in urban areas can lead to economic losses and impacts on the social and cultural values of cities [34].



The importance of green urban infrastructure lies in the growing number of studies showing that adequate urban planning and management can lead to health benefits such as adequate physical condition, mental health recovery, or stress reduction, or reducing the risk of cardiovascular diseases. They can also provide greater social capital and, finally, can provide us with numerous environmental services such as better air quality, greater biodiversity, reduction in noise pollution and heat island effects frequent in cities [28,35,36].



Cluster 2 (blue) The central pillar of this group is the close link between environmental services provided by GI and the health and resilience of socio-ecological systems.



This cluster includes research related to the beneficial contribution of Green Infrastructures on the health and human well-being of populations in the current scenario of Climate Change [37,38].



Cluster 3 (yellow). This cluster groups articles dealing with the potential of GI to contribute to biodiversity conservation, focusing on improving spaces where species and habitats have been lost as a result of urbanization, changes in land use, or as a result of climate change [39,40,41,42].



This cluster also includes studies relating to the positive impacts of biodiversity on environmental services provided by GI, such as adaptation to the adverse effects of climate change, human health benefits, or protecting against infectious diseases or pandemics [43,44,45].



In Cluster 4 (red) and Cluster 5 (purple) are articles that address green infrastructures from a local scale and from the specific field of the importance of urban vegetation to mitigate the effects of climate change [46]. The impacts can occur in the form of floods, an increase in the urban heat island effect, increased water deficit, or various forms of pollution, causing severe damage to the environment, human health, and the economy.



More specifically, Cluster 4 includes research articles related to elements of urban green infrastructure, such as trees and urban gardens, urban vegetable gardens, peri-urban forests, green roofs or wetlands, and how they provide climate change benefits, such as carbon sequestration, local climate regulation, or protection from floods or other extreme effects [35,47,48].



It also encompasses articles focused on the benefits that vegetation in urban areas produces in relation to the reduction in air pollution, which promotes human well-being, health and development [7,36,37,49].



Consistent with this group, Cluster 5 (purple) contains a group of articles that refer to concrete solutions offered by green infrastructure in urban environments to mitigate the effects the heat island effect, such as urban trees or green roofs [50,51].



An analysis of future trends (Figure 4) shows the terms landscape, policy, environmental justice, nature-based solution, adaptation, urban resilience, health, space, air-quality, and benefits.



If we analyze the importance of words according to the two criteria (Author Keywords and Keywords Plus), it is observed that the terms “green infrastructure”, “ecosystem services”, and “climate change” coincide in both cases, with the only exception that its position varies according to their frequency of use.



Figure 5 and Figure 6 show the Author Keywords and Keywords Plus that appear most frequently. They also display the three keywords selected for the study (“green infrastructure”, “ecosystem services”, and “climate change”), which, in both cases, are terms that relate to urban green infrastructure (urban planning, cities), biodiversity and the resilience and adaptation capacity of green infrastructures (climate change adaptation, resilience, adaptation).



According to the thematic evolution of Keywords Plus (Figure 7), it can be observed that the term “ecosystem services” in the 2019–2020 period has been integrated with climate change issues in the same way that climate change is included into biodiversity research in the 2019–2020 period.



Both results are in line with the current scientific consensus on the suitability of applying nature-based solutions to address the challenge of climate change and on the fundamental role that biodiversity plays in this model.



If we compare the thematic evolution concerning Author Keywords (Figure 8), only two main themes appear where “ecosystem services” diversifies towards “urban-planning” and “green infrastructure” and for the current period branches out to become “climate change”.



In the strategic diagram based on Keywords Plus (Figure 9), four zones consider two variables: centrality and density. The first refers to the degree of interaction of one cluster with another, and density refers to the internal cohesion. In other words, the higher the centrality, the higher the relevance of the term, and the higher the density, the higher the development of the term [52,53,54]. Biodiversity is found in the upper right quadrant as a driving theme of this research field, evidence of the crucial importance of this variable in environmental services and green infrastructures. On the other hand, issues related to “green infrastructures”, “climate change”, and “ecosystem services” are located in the lower right quadrant, evidence that they are essential and fundamental cross-cutting and general topics in this field of research.



There are very specialized and peripheral themes in the upper left quadrant (Figure 9): model, ecosystem model, and heat-island. Immediately at the bottom of the quadrant, vegetation could be considered a declining issue, which could be related to the greater weight that ecosystem solutions have taken in recent times compared to those in which only vegetation implantation actions were contemplated.



The following results are shown below using the Author Keywords (Figure 10). As with Keywords Plus, biodiversity remains the driving theme of the specialty. The term “green infrastructure” remains in the lower right quadrant, evidence that it is a very cohesive cluster with associated terms (ecosystem services, climate change, and urban planning) followed by the developing terms of resilience and ecosystem.



In the upper left quadrant, the urban green infrastructure cluster is characterized by marginal importance for the field. On the other hand, urban, located in the lower left quadrant, is considered a critical, though declining term which has less interest in the research scenery on GI and environmental challenges. Both issues may be related to the emergence of a new term, “urban resilience”, understood as a way of building cities that adapt to any natural threat or crisis [55].



This concept seems to be replacing that of green urban infrastructures among the scientific community. On the other hand, according to Author Keywords, the aforementioned concepts of resilience and landscape have appeared as the most innovative terms in the field of research [56,57,58,59]. This aspect is also reinforced in the results obtained in the VOSviewer trend chart.



Figure 11 shows the more innovative terms in this research field, such as “urban resilience” and “landscape”, which confirm their fundamental role in the scientific research field of green infrastructures in addressing urban planning and territorial management policies from a social, environmental, and economic sustainability perspective [38,54,55].



In contrast, the Keywords Plus analysis (Figure 12) reveals that air-quality and physical-activity are the most recent terms in this research area, revealing two of the primary environmental services provided by green infrastructures: their contribution to improving air quality and reducing pollution [59,60,61] and its contribution to indirectly improving human health by promoting physical activity [62,63].



A Multiple Correspondence Analysis (MCA), a matrix of Document × Word A co-word analysis, was applied with the words drawn on a two-dimensional map [64]. It categorizes the keywords in the documents into groups according to two dimensions: the frequency of use of each term and the joint use of the terms in each document. The results are interpreted based on the relative positions of the points and their distribution along the dimensions; the more similar the words are in their distribution, the closer they are represented on the map [24]. The parameters used in the analysis were automatic clustering and setting 50 as the maximum number of terms [54,65]. Both figures show the structure of the concept map representing the relationships between terms in a set of publications



In the analysis of the Keywords Plus (Figure 13), two differentiated groups are observed. In the blue cluster, there are terms related to the role that green infrastructures play in improving air quality, reducing pollution and increasing atmospheric carbon fixation and thus reducing the effects of climate change and pollution [66,67,68]. The red cluster groups together a large number of hard to categorize keywords ranging from those related to policy planning and green infrastructure strategies (e.g., governance, policy, design, management, framework, land use, restoration, adaptation, conservation, model), with urban green infrastructures (e.g., urban, cities, city, urbanization, heat islands) and with environmental services provided by green infrastructures (e.g., ecosystem services, resilience, climate change adaptation, health, benefits, human health).



Concerning the Author Keywords (Figure 14), the blue cluster comprises terms related to environmental services provided by green infrastructures linked to the adaptability of these systems to climate change.



The red cluster encompasses many keywords related to the characteristics, functions, and services provided by green infrastructures, which are difficult to categorize given their high number. However, its larger size indicates that it is a more scientifically influential cluster in terms of the role of IGs in environmental challenges.




4. Conclusions


The results of this study contribute a series of general ideas (trends, areas, innovative terms) on current lines of research related to green infrastructures and the environmental services they provide.



Through the analysis of the Keywords and Keyword Plus we have highlighted the lines of research related to green infrastructures, environmental services and climate change. To this end, a cluster analysis and a study of research trends were developed. In the first case, five clusters were obtained that focus on the resilience and multifunctionality of green infrastructures in urban areas, their contribution to providing environmental services to society, their relationship with biodiversity conservation, their applicability in climate change policies and improving human health and, finally, their applicability in specific urban design and planning solutions.



One of the study’s findings is the wide diversity of knowledge areas to which research on environmental services of green infrastructures is linked, covering fields as diverse as environmental sciences, ecology, or social sciences, among others. This aspect could also point to the multifunctionality and capacity to act at different scales and provide different environmental services at the same time as green infrastructures in urban areas.



However, despite the diversity of study topics, there has been a prominence of research related to environmental services provided by green infrastructures in urban areas and cities



Likewise, there is scientific consensus on the suitability of applying nature-based solutions and green infrastructures to address the challenges of climate change and loss of biodiversity. Indeed, the scientific community has demonstrated the close link between protecting biodiversity and safeguarding environmental services provided by green infrastructures.



This line of research highlights the innovative nature of a new term related to urban green infrastructures, which is none other than “urban resilience”, understood as the ability to take advantage of environmental services provided by green infrastructures to build cities adapted to addressing current environmental issues and problems.



In this sense, this study has highlighted the growing interest of the research community in planning GI solutions to ensure sustainability in the global context of climate change. In fact, from a look at the distribution based on Keywords Plus, climate change is clearly among the most recurrent terms. Therefore, from this perspective it is understood that the scientific community positions the use of GI as a tool for adaptation and/or mitigation of the adverse effects of climate change.



The results of this study suggest that GI could become a major strategic factor in addressing the global environmental and social challenges facing cities. Therefore, we believe it is necessary to advance in the study and proposal of new methodologies aimed at facilitating the valuation of the benefits provided by GI, both from an economic and public health point of view.



Given this study’s results, we believe that it would be very interesting to address specific lines of research focused on assessing the extent to which administrations and managers apply scientific advances and results in green infrastructures when establishing and addressing environmental policies.



Regarding the limitations of this research, it should be noted that, first, this study was restricted to WoS, and, secondly, only articles were analyzed. Therefore, it would be interesting to consider a broader line of research that includes other databases such as Scopus or Google Scholar and other types of publications such as books or conference proceedings.
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Figure 1. A Potential Ecosystem of Green Infrastructure Services. 
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Figure 2. The Data Processing Procedure. Source: Own compilation. 
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Figure 3. Visualization of Cluster Network of all Keywords Source: VOSviewer. Own Compilation. 
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Figure 4. Overlay Visualization of Future Trends by all Keywords. Source: VOSviewer. Own Compilation. 
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Figure 5. Comparison of Author Keywords by number of occurrences. Source: Biblioshiny. Own compilation. 
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Figure 6. Comparison of Keywords Plus by number of occurrences. Source: Biblioshiny. Own compilation. 
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Figure 7. Topic Evolution by Keywords Plus. Source: Biblioshiny. Own compilation. 
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Figure 8. Topic Evolution by Author Keywords. Source: Biblioshiny. Own compilation. 
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Figure 9. Thematic Map by Keywords Plus. Source: Biblioshiny. Own compilation. 
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Figure 10. Thematic Map by Author Keywords. Source: Biblioshiny. Own compilation. 






Figure 10. Thematic Map by Author Keywords. Source: Biblioshiny. Own compilation.



[image: Agronomy 11 00782 g010]







[image: Agronomy 11 00782 g011 550] 





Figure 11. Trend topics by Author Keywords. Source: Biblioshiny. Own compilation. 
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Figure 12. Trending Topics by Keywords Plus. Source: Biblioshiny. Own compilation. 
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Figure 13. Conceptual Structure Map by Keywords Plus. Source: Biblioshiny. Own compilation. 
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Figure 14. Conceptual Structure Map by Author Keywords. Source: Biblioshiny. Own compilation. 
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