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Abstract

:

Nature within cities provides benefits for people known as urban ecosystem services. An assessment of urban ecosystem services is growing in South America, a biodiverse and highly urbanized region. To synthesize this growing body of knowledge in South America, we performed a systematic review identifying patterns in the literature and knowledge gaps. Our review shows that Brazil, Chile, and Colombia contribute the greatest number of studies. More than 80% of the studies were published in the last five years, revealing this as an emerging research topic in the region. More than half of the studies had an environmental perspective and focused on services provided by green spaces. Nearly all studies involved regulating services, followed by cultural services. We found clear knowledge gaps, including a paucity of assessments on supporting and provisioning services, as well as the lack of studies in several countries, evaluations concerning land cover other than parks, and large-scale assessments. Comparing ecosystem services in different planning scenarios is urgently needed to make informed decisions, aid nature conservation, and provide ecosystem services for all urban dwellers. This knowledge will contribute to achieving sustainable cities and equitable access to ecosystem services in South America.
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1. Introduction


Cities and towns are the home of more than half of the global human population. Currently, 55% of the world population lives in urban land, and it is projected that most (68%) humans will live in urban areas by 2050 [1]. As more people live in urban centers, they increase in size and number, challenging governments to ensure urban ecosystem functioning as well as the well-being of urban residents [2].



The ecological value of cities is commonly perceived as low due to the profound transformation of the natural environment [3]. Urban development causes strong impacts on the environment at local and global scales, changing land covers, biodiversity, water resources, biogeochemical cycles, and climate [4]. Despite the strong environmental impact of urban development, nature within urban landscapes can provide benefits for humans that are known as urban ecosystem services [5].



Ecosystem services are defined as “the benefits that people obtain from ecosystems” [6]. They are commonly classified into four types: (1) provisioning services, which comprise all the products obtained from ecosystems, such as genetic resources, food, fiber, medicines, biofuels, ornamentals plants, and freshwater; (2) regulating services, which are the benefits provided by ecosystem processes, such as the regulation of climate, water, and diseases, pollination, seed dispersal, flood prevention, and erosion control; (3) cultural services, which are the immaterial benefits people obtain from ecosystems, such as spiritual enrichment, cognitive development, reflection, recreation and ecotourism, education, science, sense of place, the support of social relationships, and aesthetic values; and (4) supporting or habitat services, which are the ecosystem services that are necessary for the production of all other ecosystem services and includes habitat for species, primary productivity, and nutrient cycling [7].



Urban ecosystem services have received increasing attention [2,8,9]. They include a variety of benefits for urban residents and can improve climate resilience [10]. Despite the high level of global urbanization, with more people living in urban than in rural land, only 10% of the literature on ecosystem services has focused on urban landscapes [9]. If ecosystem services are the benefits that people receive from ecosystems, cities and towns are important places to understand and improve ecosystem service provision because more humans live there.



Urban ecosystem services have important effects on the human quality of life, and thus, they must be considered in developing strategies for sustainable development, urban suitability, and urban resilience [11]. However, about 60% of ecosystem services are degrading, or are used unsustainably, especially those associated with regulating and provisioning services such as water and air purification, natural hazard regulation, fuelwood, freshwater, and wild foods including wild fisheries [6]. The unsustainable use of most ecosystem services is diminishing the planet’s capacity to provide those services [12]. This degradation of ecosystem services is also increasing inequities among people, leading to poverty and human conflict [6].



South America is characterized by high biological and cultural diversity and strong socioeconomic inequities [13]. It presents a high urbanization level, with 83% of people living in urban land, and it is estimated that more than 90% of people will live in urban land by 2050 [1,14]. Although studies on ecosystem services are growing fast [13], only a few studies in South America and Latin America have been included in international reviews on urban ecosystem services [2,8,9,15,16]. The few published systematic reviews on urban ecosystem services mainly summarize studies from North America, Europe, and Asia [2,8,9,10,15,17].



We present the first systematic review to synthesize the current knowledge on urban ecosystem services in South America. We performed a research synthesis by reviewing documents in Spanish and English language. We explored publication trends and geographical patterns, ecosystem service assessment, study analyses, and authors’ recommendations (see Methods for details). Based on our research synthesis, we identified key knowledge gaps and research needs for achieving sustainable cities and towns.




2. Methods


2.1. Literature Search


We used Google Scholar (https://www.scholar.google.com, accessed on 18 February 2021) to search documents, with help of Publish or Perish software [18]. Google Scholar was preferred over other search engines, such as Web of Science or Scopus, because it comprises documents from different languages and includes a large number of documents in the Spanish language [19]. In addition, it contains articles in indexed journals as well as the grey literature [20]. It is commonly encouraged to include the grey literature in systematic reviews because it represents an important part of knowledge production [21] and diminishes publication bias (because when study results are non-significant or contrary to common findings, they are less likely to be published [22]).



We conducted our search in February 2021. We searched for documents using the following combination of terms first in English and then in Spanish: “ecosystem services” AND (urban OR city OR town) AND (South America OR Argentina OR Bolivia OR Brazil OR Chile OR Colombia OR Ecuador OR Peru OR Paraguay OR Uruguay OR Venezuela). In both searches, “ecosystem services” was considered in the title. The titles and abstracts of all the identified documents were examined. Full texts were assessed when the studies fulfilled the following inclusion criteria: (1) they surveyed ecosystem services in urban environments, (2) they were located in South America, and (3) they were written in English or Spanish. For all the papers that met the inclusion criteria, the list of references was read searching for new relevant documents (not found by the search engine).



We found 250 documents. From our searches on Google Scholar, we found 191 documents in English and 56 documents in Spanish, but 2 were duplicate records. Five additional documents were found from the list of references. After reading the title and abstract of the 250 records, 208 papers were excluded for not meeting the inclusion criteria described above, and 42 full texts were assessed. Of these, 33 (76%) studies met our inclusion criteria and comprised our qualitative synthesis, 24 of which were written in English, and 8 (24%) were written in Spanish (Figure 1). The nine documents that were excluded did not meet our inclusion criteria: three studies did not evaluate ecosystem services, and six were not conducted on urban environments.




2.2. Data Extraction and Synthesis


Following the published global reviews on urban ecosystem services, we undertook a qualitative assessment and synthesis (e.g., [2,8,9,10,15,17]). For all the documents that met our criteria for inclusion, we extracted information to assess:



(1) Publication trends and geographical patterns—we extracted the year of publication, publication type (e.g., book chapter, journal article, thesis, or conference proceeding), city and country where the study was located, and the number of inhabitants in the study sites.



(2) Ecosystem service assessment—we extracted the type of ecosystem services assessed (provisioning services, regulating services, supporting services, and cultural services), the perspective (environmental: studies with an environmental science focus; social: studies that explore the social component, human perception, norms governing urban areas, or benefits for humans discussed under a sociological, health, anthropological or physiological perspective; and economic: economic assessment studies [8,23]); and the land cover types involved. For land cover types, we maintained the terms used in the studies. In addition, we further separated the land cover type “green space” (land covered by vegetation) into the following categories: large urban parks (>2 ha in size), small parks (<2 ha in size), green infrastructure (e.g., green walls or green pavements), urban vegetation (i.e., vegetation in the city located in different places including parks, streets, private gardens, etc.), urban forest (e.g., woody vegetation), and forest remnant. We also recorded the ecosystem services used (based on [2,6]), as well as the ecosystem services provided by fauna and disservices.



(3) Study analyses—we extracted the spatial scale (national and regional—studies with more than a single city or those at the watershed level; and local—in a single city), the type of analyses performed (conceptual, qualitative, and quantitative), and the type of data (empirical, database, satellite, bibliographic, expert opinion, and resident interview).



(4) Author recommendations—we extracted authors’ recommendations for improving the current studies as well as recommendations for management and planning, among others.





3. Results


3.1. Publication Trends and Geographical Patterns


The 33 studies included in our synthesis exhibited an increasing number of publications over time, especially since 2017. No studies were found before 2007. Seven (21%) studies were published from 2007 to 2016, whereas 26 (79%) studies were published from 2017 to 2021 (Figure 2A). These 33 studies comprised different publication types. Most studies (70%) were published in scientific journals, followed by book chapters (12%) and theses (12%, Figure 2B).



We only found studies from seven of the ten targeted countries. The countries with a greater number of studies were Brazil with 12 studies (35% of the total), Chile with 9 (27%), and Colombia with 7 (21%). We did not find studies from Bolivia, Paraguay, and Venezuela (Figure 2C). Eighteen cities were evaluated (Figure 3). Among them, large cities received greater attention: Santiago de Chile exhibited the greatest number of studies (nine studies, 26%), followed by Sao Paulo, Brazil (five studies, 15%), and Bogotá, Colombia (four studies, 12%) (Figure 2D). All the studies involved a single city, except for two studies that used two different cities: one evaluated Bogotá, Colombia, and Santiago, Chile [24], while the other studied Santiago and Valparaíso, Chile [25].




3.2. Ecosystem Service Assessment


Regarding the type of ecosystem service assessed, all the studies except one (32 studies, 97%) evaluated regulating services, followed by cultural services (24 studies, 73%), and supporting services (11 studies, 33%; Figure 4A). Provisioning and supporting services were only considered when the authors included several services (more than 20 services). Regarding their research perspective, 94% were focused on environmental aspects, 64% on social, and 18% on economic factors (Figure 4B). Only two (6%) studies explored environmental, social, and economic perspectives [26,27].



Regarding land use cover, nearly half of the studies (15 studies, 46%) focused on green spaces, followed by those focused on urban areas (6 studies, 18%, including built cover, favelas, and cities) and urbanization gradients (6 studies, 18%) (Figure 4C). Among the studies on green spaces, most studies focused on urban vegetation, followed by urban parks and green infrastructure (Figure 4D).



Among ecosystem services, climate regulations were the most frequent (23 studies), followed by mitigation of flooding (21 studies) and recreation (17 studies). The first two correspond to regulating services, whereas the third corresponds to a cultural service (Figure 5). Few studies considered mental and physical health (three studies), followed by tourism (five studies), which are both cultural services, medicine (five studies, provisioning services), and noise reduction (five studies, regulating services). Almost half of the studies evaluated more than five ecosystem services (16 studies), whereas only 5 studies (15%) evaluated only one ecosystem service.



Among the most evaluated ecosystem services (climate regulation, mitigation of flooding, and recreation), we found that most studies highlighted the value of large green spaces dominated by pervious surfaces that provided a better quality of ecosystem services such as buffering extreme temperatures, flood control, and recreation. For instance, large parks with more than 25 ha significantly contribute to climate regulation [28]. In contrast, sites with lower nutrient retention present higher risks in the face of flooding [29].



Only two studies included ecosystem services provided by fauna. They included birds (mainly hummingbirds) and pollinating arthropods (mainly butterflies). The ecosystem services that were evaluated were pollination, biological diversity, the provision of habitat for animals, cultural values, recreation, environmental education, and avitourism [30,31]. Only three studies assessed disservices, which included crops pest, pollen allergies, infrastructure damage, fear of dark areas, vector diseases, and garbage dumps [32,33,34].




3.3. Study Analyses


Regarding spatial scale, most studies (25 studies, 76%) involved local city-scale assessments, followed by regional (21%, which involved more than a single city, province, or watersheds); only one was on a national scale (Figure 6A).



Most studies (27 studies, 82%) included quantitative assessment. Of these, six studies also included qualitative assessments, and two studies involved qualitative and conceptual analyses. Qualitative assessments were the second most frequent analysis (12 studies, 36%), with only half of these studies focused only on qualitative assessment (Figure 6B). In total, 14 of the 27 quantitative studies involved maps. Of these, nine showed the provision of ecosystem services, and five involved geostatistics.



Regarding the type of data, nearly half the studies (49%) used satellite data, followed by the use of databases (46%); those mainly considered collections of climate data, land use, biodiversity, and socioeconomic data provided by municipalities or governments. Only five studies (15%) collected empirical data, which were mainly complemented with databases, satellite data, and bibliographic data (Figure 6C).




3.4. Authors’ Recommendations


Authors’ recommendations in the revised documents involved urban planning and management. They involved landscape planning, nature conservation, improvement of green spaces, and the implementation of green infrastructure (Table 1). Four studies also recommended a better spatial resolution [24]; improvement in cartography showing the provision of ecosystem services to better inform urban planners [35]; a study of ecosystem services and disservices related to human health [32]; and a better study of the relationship between vegetation cover and the provision of cultural ecosystem services [36].





4. Discussion


A growing body of knowledge on urban ecosystem services is emerging in South America, where more than 80% of the studies included in this systematic review were published in the last five years. Most research was performed in only three countries, involved local-scale assessments, focused on services provided by green spaces such as parks, and assessed regulating and cultural services. These common areas of research lead to clear knowledge gaps that we further discuss in this section. Researchers from South America highlight the need to improve landscape planning and green space management to ensure ecosystem service provision for all urban dwellers.



4.1. Publication Trends and Geographical Patterns


Despite the limited number of publications included in our systematic review (33 documents), it was possible to describe clear trends and geographical patterns. For instance, our systematic review showed that ecosystem service assessment is a growing field of research in South America. Global reviews have reported a growing number of studies on urban ecosystem services since 2006 [2,8,9]. However, we found that the number of studies raised since 2017 in South America, revealing a 10-year time lag relative to global trends. The increase in the last few years has been mainly in Brazil, Chile, and Colombia, countries that will experience the highest population growth in the region by 2050 [1]. These three countries and México contribute to the greatest number of studies from Latin America [58]. However, in global reviews previously performed, Chile leads the publications from South America [2,8,15]. This difference could be due to an earlier development of this field in Chile that has been overpassed recently by Brazil—10 of the 12 studies found from Brazil have been published since 2018. Considering that Brazil’s official language (Portuguese) was not included in this review, this country likely has a main role in knowledge production on ecosystem services in the region that might be overlooked in global reviews.




4.2. Ecosystem Service Assessment


In South America, most publications evaluated regulating services, followed by cultural services. In the global and Latin American reviews previously published, regulating services contribute to the greatest number of studies, followed by supporting services [2,8,58]. Regulating and supporting services are likely studied more by different authors around the world due to their importance to guarantee the provision of the rest of the ecosystem services [10]. However, in South America, the supporting ecosystem services are poorly studied; such a poor understanding and lack of scientific interest might put all the ecosystem services that depend on biodiversity and ecosystem functioning at risk [59]. In contrast to the global and previous Latin American reviews where cultural services have been found to be the least common [2,8], several South American studies have assessed them possibly because they are easily recognized in cities (e.g., [24,50,60]), especially by local actors and residents (e.g., [26,27,57,61,62]). South America is characterized by its great cultural diversity and connection with nature [13]; therefore, cultural services such as spiritual and aesthetic values, social relationships, recreation, and a sense of belonging are of great importance. In addition, the first studies in Latin America on ecosystem services emerged under the frameworks of ethnoecology, cultural ecology, and political ecology [63], which might explain our results.



The most studied ecosystem services were climate regulation, flooding control, and recreation, consistent with global reviews [2,15]. We note that research has commonly focused on local climate regulation probably due to the increase in temperatures in urban land, or “heat islands”, which affect the health and well-being of city residents [64,65]. An important ecosystem component that regulates the local climate is vegetation [28,40]. However, not all residents have the same access to the services provided by vegetation because South American cities commonly exhibit strong segregation by socioeconomic groups, with the poor having less access to these services [43,66]. For example, it has been found that lower-income neighborhoods exhibit higher temperatures than higher-income neighborhoods probably due to their low vegetation cover and high impervious cover [40]. Under the current scenario of strong environmental segregation in South American cities, urban planning and vegetation management should aim to decrease the inequities in access to ecosystem services, ensuring a good quality of life for all urban residents.



In cities, recreation is an important service that is easily recognized and used by citizens [24,26,36,67]. The studies reviewed from South America commonly report a low provision of this service due to a low number of green spaces and difficult access [24,36]. In fact, the availability and access to urban green spaces in megacities are lower in South America than in other continents, such as Europe [68]. The low availability and access to green spaces might cause social and health impacts on city residents [69,70]. This low access to green spaces might be difficult to revert in developing countries because of poor urban and landscape planning, where the designation of lands as green areas is postponed, and therefore, land plots are commonly built [71].



In South America, flooding control is relevant particularly in tropical climates due to having larger precipitations than temperate zones (e.g., Europe and North America [72]). In addition, cities are vulnerable to flooding due to having large impervious surfaces, and thus, flooding will continue to be a problem as urbanization continues to expand [73]. Drainage systems such as green infrastructure, green permeable paving, green roofs, and rain barrels can contribute to the decrease in flooding [29,56].



Most studies assessed more than five ecosystem services, contrasting with the previous global reviews on the lack of multi-service assessment [2,74]. This might be due to the search strategy in studies in which the authors stated ecosystem services in the title of their work, which might lead to the inclusion of several ecosystem services. The use of multiple services is important for informing stakeholder decisions [75], as well as understanding interactions among services.



Both green and blue spaces provide ecosystem services that contribute to a healthy environment [76]. However, research on urban ecosystem services in South America has focused on green spaces—a finding that is common in global and regional reviews [2,8,17,58]. In cities, green areas are key providers of ecosystem services [77], benefiting the community through multiple services such as climate regulation, air quality, providing habitat for species, and recreation [11]. While in South America, urban vegetation and large parks receive more attention, in North America and Europe, research has focused on forest remnants and cultivated land [2,8]. Informal green spaces, such as vacant lands, have been poorly investigated, although recent scientific evidence emphasizes that they provide regulating and supporting services similar to urban parks [78]. Further investigation on ecosystem service assessments is needed in other lands, such as industrial lands and brownfields (especially in stagnating and shrinking cities [2]), as well as community gardens that provide food for city residents [79].



Our review also revealed that the dominant perspective in South America is social–environmental. This result contrasts with the environmental or ecological perspective dominant in other regions [8]. Given that ecosystem services refer to the benefits that people obtain from nature, a social perspective is inherent [80]. In fact, most ecosystem services require the inclusion of production and their related social processes [81]. For instance, pollinating service by honeybees (a regulating service) requires the consideration of beehive management and silviculture; in livestock systems, water provision should consider grazing management and strategies to protect riparian areas (e.g., fences) [82]. Thus, future research needs to consider a more complete assessment of processes and interactions to comprehend and better manage the relationship between humans and the ecosystems they rely on. To ensure the sustainable use of ecosystem services, it is important to consider the environment as well as social and economic factors. Although economic factors are controversial, they contribute to making decisions on ecosystem management [83,84]. To further advance in this field, future research might focus on complex socioecological systems to enhance ecosystem services and human well-being.




4.3. Study Analyses


Local (within a single city) studies comprised most of the assessments, in agreement with previous reviews [2,17,58]. There were seven studies at the watershed level and one at the national level (Brazil), but we did not find studies including more than one scale. It is important to perform multi-scale studies because ecosystem services are influenced by a variety of socioecological scales and can be provided and managed at different scales. For instance, food supply depends on pollination at a local scale, whereas water supply at a regional scale (watershed level) and market trends at a global scale [85]. Assessments on ecosystem services provision and fluxes at multiple scales will contribute to the development of conservation and land use plans to adequately protect and manage services [59].



Satellite data and databases dominated the literature. Changes in land use and cover are commonly evaluated in the literature, derived from maps, aerial photographs, and satellite data [2]. Satellite data are growing rapidly, as they allow the continuous and large-scale assessment and monitoring of ecosystem functioning and drivers of global change [86]. Although geospatial information is useful, the data and scales of analyses must be defined according to the research aim. Previous reports from Latin America and The Caribbean found that most studies involved field surveys, questionnaires, or interviews [58]. Questionnaires or interviews are widely used to understand public perception of public and stakeholders, human impacts on flora and fauna, and interdisciplinary studies [87]. In interviews, the results can vary by the target group. For instance, in Ecuador, young educated Spanish speakers value more regulating services and those associated with science (e.g., pollination, scientific knowledge, environmental education, recreation), whereas old less formally educated people living in rural areas value more provisioning services (wood, wool, animal skins, medicinal plants) and agriculturally associated regulating services (pest control [27]).




4.4. Authors’ Recommendations


Researchers from South America underscore the need for better territorial planning, as it is the most relevant strategy affecting urban ecosystem services, regulating the capacity, demand, fluxes, and benefits of ecosystems [88]. Territorial planning influences ecosystem service provision by defining land use types, the spatial arrangement, distribution and density of housing and people, and the structure and function of urban systems [89]. Several authors call for ecosystem assessments, sustainable use of resources, and equitable access, but no studies have evaluated the effect of planning on ecosystem services provision. Few studies in the global literature have explored ecosystem services under different planning scenarios (e.g., [90,91,92,93]). Given that urbanization will continue to grow in South America [1], an evaluation of the effects of urban sprawl and densification under different planning scenarios is urgently needed to aid nature conservation and the services it provides (e.g., [94,95]).



Another common recommendation in the South American literature is the enhancement of green areas. Authors advise planners and policymakers to improve the distribution and connectivity of green areas within cities, to consider vegetation according to the ecosystem services that are needed by the community, as well as the maintenance costs and value of the ecosystem services provided. When designing green spaces, it is important to consider that not all plants provide the same ecosystem service [33]. We also found a paucity of studies estimating the environmental, social, and economic benefits of green space design and management in South America. For instance, in Rome, Italy, it was estimated that greater connectivity of green spaces will lead to 300.000 potential beneficiaries due to improved air quality and decreased costs by health illness from 40.700 to 130.200 EUR/year [96].



We note that our work does not attempt to be an exhaustive search of the literature but rather a sample of studies on urban ecosystem services in South America that we synthesized with a systematic review. In this way, a more exhaustive search could consider search words that comprise a variety of ecosystem services, nature services, or environmental services, including all the countries in the region (e.g., Surinam, Guyana, and Guayana Francesa), and additional languages (e.g., Portuguese, Dutch, and French).



Finally, we hope this systematic review helps guide future research to address key knowledge gaps and contributes to a growing body of knowledge to inform territorial planning, urban sustainability, and equitable access to ecosystem services in South America.





5. Conclusions


Our systematic review revealed that the topic of urban ecosystem services is an emerging field of research in South America. Only three countries accounted for 80% of the literature (Brazil, Colombia, and Chile), revealing a strong geographical bias. Most of the studies involved assessments at the local scale, focused on the services provided by green spaces (mainly parks), and assessed regulating and cultural services.



Among the different findings, it is important to highlight the fact that large green areas contribute to a large number of quantitative and qualitative features related to urban ecosystem services, such as temperature control, recreation, and flood control—the most evaluated services in South America. However, other less studied factors such as vacant lands can also provide many ecosystem services.



Several knowledge gaps remain to be addressed including research on provisioning and supporting services, evaluations of areas other than urban parks, studies at large spatial scales such as watersheds or regions, and comparisons of ecosystem services under different scenarios of planning and management actions. A growing and varied body of knowledge on ecosystem services will allow research findings to better inform territorial planning, urban sustainability, and equitable access to ecosystem services in South America.







Author Contributions


Conceptualization, C.B.M.-P. and N.R.V.; methodology, C.B.M.-P. and N.R.V.; investigation and formal analysis, C.B.M.-P.; writing—original draft preparation, C.B.M.-P.; writing—review and editing, N.R.V.; visualization, C.B.M.-P.; supervision, N.R.V.; project administration and funding acquisition, N.R.V. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by ANID-FONDECYT 11201045 granted to N.R.V.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The authors will provide the data on request.




Acknowledgments


The authors acknowledge the funding received from ANID-FONDECYT 11201045 granted to N.R.V. and the Master’s program in Wild Lands and Nature Conservation (Faculty of Forestry Sciences and Nature Conservation, Universidad de Chile) for providing support to C.B.M.-P.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



United Nations, Department of Economic and Social Affairs, Population Division. World Urbanization Prospects: The 2018 Revision; (ST/ESA/SER.A/420); United Nations: New York, NY, USA, 2019. [Google Scholar]

	



Haase, D.; Larondelle, N.; Andersson, E.; Artmann, M.; Borgström, S.; Breuste, J.; Gomez-Baggethun, E.; Gren, Å.; Hamstead, Z.; Hansen, R.; et al. A Quantitative Review of Urban Ecosystem Service Assessments: Concepts, Models, and Implementation. Ambio 2014, 43, 413–433. [Google Scholar] [CrossRef] [PubMed]

	



Mexia, T.; Vieira, J.; Príncipe, A.; Anjos, A.; Silva, P.; Lopes, N.; Freitas, C.; Santos-Reis, M.; Correia, O.; Branquinho, C.; et al. Ecosystem services: Urban parks under a magnifying glass. Environ. Res. 2018, 160, 469–478. [Google Scholar] [CrossRef] [PubMed]

	



Grimm, N.B.; Faeth, S.H.; Golubiewski, N.E.; Redman, C.L.; Wu, J.; Bai, X.; Briggs, J.M. Global Change and the Ecology of Cities. Science 2008, 319, 756–760. [Google Scholar] [CrossRef] [PubMed]

	



TEEB. TEEB Manual for Cities: Ecosystem Services in Urban Management; The Economics of Ecosystems and Biodiversity: Potsdam, Germany, 2011. [Google Scholar]

	



MEA (Millennium Ecosystem Assessment). Ecosystems and Human Well-Being: Synthesis; World Resources Institute: Washington, DC, USA, 2005. [Google Scholar]

	



Gómez-Baggethun, E.; Gren, Å.; Barton, D.N.; Langemeyer, J.; McPhearson, T.; O’Farrell, P.; Andersson, E.; Hamstead, Z.; Kremer, P. Urban ecosystem services. In Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities; Springer: Dordrecht, The Netherlands, 2013; pp. 175–251. [Google Scholar] [CrossRef]

	



Luederitz, C.; Brink, E.; Gralla, F.; Hermelingmeier, V.; Meyer, M.; Niven, L.; Panzer, L.; Partelow, S.; Rau, A.-L.; Sasaki, R.; et al. A review of urban ecosystem services: Six key challenges for future research. Ecosyst. Serv. 2015, 14, 98–112. [Google Scholar] [CrossRef]

	



Alavipanah, S.; Haase, D.; Lakes, T.; Qureshi, S. Integrating the third dimension into the concept of urban ecosystem services: A review. Ecol. Indic. 2017, 72, 374–398. [Google Scholar] [CrossRef]

	



Filho, W.L.; Barbir, J.; Sima, M.; Kalbus, A.; Nagy, G.J.; Paletta, A.; Villamizar, A.; Martinez, R.; Azeiteiro, U.M.; Pereira, M.J.; et al. Reviewing the role of ecosystems services in the sustainability of the urban environment: A multi-country analysis. J. Clean. Prod. 2020, 262, 121338. [Google Scholar] [CrossRef]

	



Gómez-Baggethun, E.; Barton, D.N. Classifying and valuing ecosystem services for urban planning. Ecol. Econ. 2013, 86, 235–245. [Google Scholar] [CrossRef]

	



Raudsepp-Hearne, C.; Peterson, G.; Tengo, M.; Bennett, E.M.; Holland, T.; Benessaiah, K.; MacDonald, G.; Pfeifer, L. Untangling the Environmentalist’s Paradox: Why Is Human Well-being Increasing as Ecosystem Services Degrade? BioScience 2010, 60, 576–589. [Google Scholar] [CrossRef]

	



Balvanera, P.; Uriarte, M.; Almeida-Leñero, L.; Altesor, A.; DeClerck, F.; Gardner, T.; Hall, J.; Lara, A.; Laterra, P.; Peña-Claros, M.; et al. Ecosystem services research in Latin America: The state of the art. Ecosyst. Serv. 2012, 2, 56–70. [Google Scholar] [CrossRef]

	



Jordán, R.; Riffo, L.; Prado, A. Desarrollo Sostenible, Urbanización y Desigualdad en América Latina y el Caribe: Dinámicas y Desafíos para el Cambio Estructural; Comisión Económica para América Latina y el Caribe (CEPAL): Santiago, Chile, 2017. [Google Scholar]

	



Tavares, P.A.; Beltrão, N.; Guimarães, U.S.; Teodoro, A.; Gonçalves, P. Urban Ecosystem Services Quantification through Remote Sensing Approach: A Systematic Review. Environments 2019, 6, 51. [Google Scholar] [CrossRef]

	



Dobbs, C.; Escobedo, F.J.; Clerici, N.; De La Barrera, F.; Eleuterio, A.A.; MacGregor-Fors, I.; Reyes-Paecke, S.; Vásquez, A.; Camaño, J.D.Z.; Hernández, H.J. Urban ecosystem Services in Latin America: Mismatch between global concepts and regional realities? Urban Ecosyst. 2019, 22, 173–187. [Google Scholar] [CrossRef]

	



Brzoska, P.; Spāģe, A. From City- to Site-Dimension: Assessing the Urban Ecosystem Services of Different Types of Green Infrastructure. Land 2020, 9, 150. [Google Scholar] [CrossRef]

	



Harzing, A.W. The Publish or Perish Book; Tarma Software Research Pty Limited: Melbourne, Australia, 2010. [Google Scholar]

	



Muñoz-Pacheco, C.B.; Villaseñor, N.R. Avian species richness in cities: A review of the Spanish-language literature from the Southern Cone of South America. Urban Ecosyst. 2021, 25, 601–616. [Google Scholar] [CrossRef]

	



Yasin, A.; Fatima, R.; Liu, L.; Khan, J.A.; Ali, R.; Wang, J. On the utilization of non-quality assessed literature in software engineering research. J. Softw. Evol. Process. 2022, 34, e2464. [Google Scholar] [CrossRef]

	



Manterola, C.; Astudillo, P.; Arias, E.; Claros, N. Revisiones sistemáticas de la literatura. Qué se debe saber acerca de ellas. Cirugía Española 2013, 91, 149–155. [Google Scholar] [CrossRef]

	



González, I.F.; Urrútia, G.; Alonso-Coello, P. Revisiones sistemáticas y metaanálisis: Bases conceptuales e interpretación. Rev. Esp. Cardiol. 2011, 64, 688–696. [Google Scholar] [CrossRef]

	



Liquete, C.; Piroddi, C.; Drakou, E.; Gurney, L.; Katsanevakis, S.; Charef, A.; Egoh, B. Current Status and Future Prospects for the Assessment of Marine and Coastal Ecosystem Services: A Systematic Review. PLoS ONE 2013, 8, e67737. [Google Scholar] [CrossRef]

	



Dobbs, C.; Hernández-Moreno, Á.; Reyes-Paecke, S.; Miranda, M.D. Exploring temporal dynamics of urban ecosystem services in Latin America: The case of Bogota (Colombia) and Santiago (Chile). Ecol. Indic. 2018, 85, 1068–1080. [Google Scholar] [CrossRef]

	



Montoya-Tangarife, C.; De La Barrera, F.; Salazar, A.; Inostroza, L. Monitoring the effects of land cover change on the supply of ecosystem services in an urban region: A study of Santiago-Valparaíso, Chile. PLoS ONE 2017, 12, e0188117. [Google Scholar] [CrossRef]

	



Martínez, F. Disponibilidad a Pagar por el Flujo de Bienes y Servicios Ecosistémicos Derivados del humedal de Cordoba, en Bogotá, DC. Ph.D. Thesis, Pontificia Universidad Javeriana, Bogotá, Colombia, 2008. [Google Scholar]

	



Aguado, M.; González, J.A.; Bellott, K.; López-Santiago, C.; Montes, C. Exploring subjective well-being and ecosystem services perception along a rural–urban gradient in the high Andes of Ecuador. Ecosyst. Serv. 2018, 34, 1–10. [Google Scholar] [CrossRef]

	



Almeida, C.; Mariano, M.; Agostinho, F.; Liu, G.; Giannetti, B. Exploring the potential of urban park size for the provision of ecosystem services to urban centres: A case study in São Paulo, Brazil. Build. Environ. 2018, 144, 450–458. [Google Scholar] [CrossRef]

	



Ronchi, S.; Arcidiacono, A. Adopting an Ecosystem Services-Based Approach for Flood Resilient Strategies: The Case of Rocinha Favela (Brazil). Sustainability 2019, 11, 4. [Google Scholar] [CrossRef]

	



Collantes, H.G. Conservation of Ecosystem Services in Residential Developments: Lessons from Conservation-Oriented Subdivisions in the United States and in Peru. Ph.D. Thesis, University of Georgia, Athens, GA, USA, 2007. [Google Scholar]

	



Silva, M.; Rodríguez, A.; Pengue, W. Caracterización ecológica de los espacios verdes de la ciudad autónoma de Buenos Aires y calidad de sus servicios ecosistémicos. In Proceedings of the ACTAS de las Jornadas de Investigación de la FADU-UBA, ACTAS-Jorn. Investig; FADU-UBA: Buenos Aires, Argentina, 2018; pp. 1600–1615. [Google Scholar]

	



Juanita, A.-D.; Ignacio, P.; Jorgelina, G.-A.; Cecilia, A.-S.; Carlos, M.; Francisco, N. Assessing the effects of past and future land cover changes in ecosystem services, disservices and biodiversity: A case study in Barranquilla Metropolitan Area (BMA), Colombia. Ecosyst. Serv. 2019, 37, 100915. [Google Scholar] [CrossRef]

	



Horta, M.B.; Cabral, M.I.; Pires, I.; Bachi, L.S.; Luz, A.; Fernandes, G.W.; Drumond, M.A.; Carvalho-Ribeiro, S. Assessing urban ecosystem services: Different methodological approaches applied in Brazil, Germany, and Portugal. In Developing Eco-Cities Through Policy, Planning, and Innovation: Can It Really Work? IGI Global: Hershey, PA, USA, 2020; pp. 312–359. [Google Scholar]

	



Juntti, M.; Costa, H.; Nascimento, N. Urban environmental quality and wellbeing in the context of incomplete urbanisation in Brazil: Integrating directly experienced ecosystem services into planning. Prog. Plan. 2021, 143, 100433. [Google Scholar] [CrossRef]

	



Fernandez, I. A multiple-class distance-decaying approach for mapping temperature reduction ecosystem services provided by urban vegetation in Santiago de Chile. Ecol. Econ. 2019, 161, 193–201. [Google Scholar] [CrossRef]

	



Monroy, J. Análisis del paisaje de la microcuenca del río Fucha en la ciudad de Bogotá, Colombia. Diagnóstico para el mejoramiento de servicios ecosistémicos. Investig. Geográficas 2020, 101, e59831. [Google Scholar] [CrossRef]

	



Albrecht, C.F.; Carlo, J.C.; Iulo, L.D.; Buckland, P.D. International Transdisciplinary Approach to Sustainability Research Related to Place: Sustainable, Affordable Homes and Ecosystem Services in the U.S. and Brazil. In Universities and Sustainable Communities: Meeting the Goals of the Agenda 2030; Springer: Berlin/Heidelberg, Germany, 2019; pp. 187–201. [Google Scholar] [CrossRef]

	



Almeida, C.; Mariano, M.; Agostinho, F.; Liu, G.; Yang, Z.; Coscieme, L.; Giannetti, B. Comparing costs and supply of supporting and regulating services provided by urban parks at different spatial scales. Ecosyst. Serv. 2018, 30, 236–247. [Google Scholar] [CrossRef]

	



Banzhaf, E.; de la Barrera, F.; Reyes-Paecke, S. Urban Green Infrastructure in Support of Ecosystem Services in a Highly Dynamic South American City: A Multi-Scale Assessment of Santiago de Chile. In Atlas of Ecosystem Services; Springer: Berlin/Heidelberg, Germany, 2019; pp. 157–165. [Google Scholar] [CrossRef]

	



de la Barrera, F.; Henriquez, C.; Ruiz, V.; Inostroza, L. Urban Parks and Social Inequalities in the Access to Ecosystem Services in Santiago, Chile. IOP Conf. Series: Mater. Sci. Eng. 2019, 471, 102042. [Google Scholar] [CrossRef]

	



de la Barrera, F.; Rubio, P.; Banzhaf, E. The value of vegetation cover for ecosystem services in the suburban context. Urban For. Urban Green. 2016, 16, 110–122. [Google Scholar] [CrossRef]

	



Filho, J.R.D.S.; Santos, R.C.; Silva, I.R.; Elliff, C.I. Evaluation of recreational quality, carrying capacity and ecosystem services supplied by sandy beaches of the municipality of Camaçari, northern coast of Bahia, Brazil. J. Coast. Res. 2014, 70, 527–532. [Google Scholar] [CrossRef]

	



Escobedo, F.J.; Clerici, N.; Staudhammer, C.L.; Corzo, G.T. Socio-ecological dynamics and inequality in Bogotá, Colombia’s public urban forests and their ecosystem services. Urban For. Urban Green. 2015, 14, 1040–1053. [Google Scholar] [CrossRef]

	



Fernández, I.C. Planning for Urban Ecosystem Services: Generating Actionable Knowledge for Reducing Environ-mental Inequities in Santiago de Chile. Ph.D. Thesis, Arizona State University, Tempe, AZ, USA, 2017; p. 148. [Google Scholar]

	



Gomes, L.C.; Bianchi, F.J.J.A.; Cardoso, I.M.; Filho, E.I.F.; Schulte, R.P.O. Land use change drives the spatio-temporal variation of ecosystem services and their interactions along an altitudinal gradient in Brazil. Landsc. Ecol. 2020, 35, 1571–1586. [Google Scholar] [CrossRef]

	



Corredor, C.A.A.; Contreras, C.H.; Perez, C.A.R. Determinación del Potencial de Servicios Ecosistemicos de la Comuna 7, en La Ciudad De Bucaramanga, Santander, Colombia. In Proceedings of the 17th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Industry, Innovation, and Infrastructure for Sustainable Cities and Communities", LACCEI, Boca Raton, FL, USA, 24–26 July 2019. [Google Scholar] [CrossRef]

	



Horta, M.B.; Cabral, M.I.; Pires, I.; Bachi, L.S.; Luz, A.; Fernandes, G.W.; Drumond, M.A.; Carvalho-Ribeiro, S. Assessing Urban Ecosystem Services. In Handbook of Research on Methods and Tools for Assessing Cultural Landscape Adaptation; IGI Global: Hershey, PA, USA, 2018; pp. 183–220. [Google Scholar] [CrossRef]

	



Iwan, A.; Guerrero, E.M.; Romanelli, A.; Bocanegra, E. Valoración Económica de los Servicios Ecosistémicos de una Laguna del Sudeste Bonaerense (Argentina); University of Alicante: Alicante, Spain, 2017; p. 173. [Google Scholar] [CrossRef]

	



da Glória Motta Garcia, M. Ecosystem Services Provided by Geodiversity: Preliminary Assessment and Perspectives for the Sustainable Use of Natural Resources in the Coastal Region of the State of São Paulo, Southeastern Brazil. Geoheritage 2019, 11, 1257–1266. [Google Scholar] [CrossRef]

	



Mujica, C.M.; Karis, C.M. Ecosystem Services of Ecological Infrastructure and Quality of Life: Contributions to the Analysis of the Sustainability of the Urban and Peri-urban Area of Mar del Plata, Argentina. In Handbook of Quality of Life and Sustainability; Springer: Cham, Switzerland, 2021; pp. 417–434. [Google Scholar] [CrossRef]

	



Periotto, N.A.; Tundisi, J.G. A characterization of ecosystem services, drivers and values of two watersheds in São Paulo State, Brazil. Braz. J. Biol. 2017, 78, 397–407. [Google Scholar] [CrossRef] [PubMed]

	



Reverte, F.C.; Garcia, M.D.G.M.; Brilha, J.; Pellejero, A.U. Assessment of impacts on ecosystem services provided by geodiversity in highly urbanised areas: A case study of the Taubaté Basin, Brazil. Environ. Sci. Policy 2020, 112, 91–106. [Google Scholar] [CrossRef]

	



Sanches Brito, L.K.; Leite Costa, M.E.; Koide, S. Assessment of the Impact of Residential Urban Patterns of Different Hillslopes on Urban Drainage Systems and Ecosystem Services in the Federal District, Brazil. Sustainability 2020, 12, 5859. [Google Scholar] [CrossRef]

	



Tabares-Mosquera, M.; Zapata-Caldas, E.; Buitrago-Bermúdez, O. Valoración de servicios ecosistémicos para la identificación de estructuras ecológicas metropolitanas: El caso de Cali, Colombia. Cuad. Investig. Geogr. 2020, 46, 603–631. [Google Scholar] [CrossRef]

	



Ubilla, G.; Villegas, R. Objetivos de los planes de desarrollo comunal (PLADECO) y ordenamiento territorial re-gional: Servicios ecosistémicos y desarrollo de nuevas centralidades para la Región Metropolitana de Santiago. Rev. Geo-Gráfica Venez. 2017, 58, 62–85. [Google Scholar]

	



Urrestarazu, S. Sustainable Drainage Systems as Ecosystem Services: Case Study: Urban Catchment in the City of Montevideo, Uruguay. Master’s Thesis, UNESCO-IHE Institute for Water Education: Delft, The Netherlands, 2013. [Google Scholar]

	



Vásquez, A.E. Infraestructura verde, servicios ecosistémicos y sus aportes para enfrentar el cambio climático en ciudades: El caso del corredor ribereño del río Mapocho en Santiago de Chile. Rev. De Geogr. Norte Gd. 2016, 63, 63–86. [Google Scholar] [CrossRef]

	



Romero-Duque, L.P.; Trilleras, J.; Castellarini, F.; Quijas, S. Ecosystem services in urban ecological infrastructure of Latin America and the Caribbean: How do they contribute to urban planning? Sci. Total Environ. 2020, 728, 138780. [Google Scholar] [CrossRef]

	



Kremen, C.; Ostfeld, R.S. A call to ecologists: Measuring, analyzing, and managing ecosystem services. Front. Ecol. Environ. 2005, 3, 540–548. [Google Scholar] [CrossRef]

	



Tabares-Mosquera, M.; Zapata-Caldas, E.; Buitrago-Bermúdez, O. Valuation of Ecosystem Services for the Identification of Metropolitan Ecological Structures: The Case of Cali, Colombia. Cuad. Investig. Geográfica/Geogr. Res. Lett. 2020, 46, 603–631. [Google Scholar] [CrossRef]

	



Brown, G.; Montag, J.M.; Lyon, K. Public Participation GIS: A Method for Identifying Ecosystem Services. Soc. Nat. Resour. 2012, 25, 633–651. [Google Scholar] [CrossRef]

	



Pueffel, C.; Haase, D.; Priess, J.A. Mapping ecosystem services on brownfields in Leipzig, Germany. Ecosyst. Serv. 2018, 30, 73–85. [Google Scholar] [CrossRef]

	



Balvanera, P.; Castillo, A.; Chavero, E.L.; Caballero, K.; Quijas, S.; Flores, A.; Galicia, C.; Martínez, L.; Saldaña, A.; Sánchez, M.; et al. Marcos conceptuales interdisciplinarios para el estudio de los Servicios Ecosistémicos en América Latina. In Valoración de Servicios Ecosistémicos. Conceptos, Herramientas y Aplicaciones para El Ordenamiento Territorial; Laterra, P., Jobbágy, E., Paruelo, J., Eds.; Ediciones INTA: Buenos Aires, Argentina, 2011; pp. 39–68. [Google Scholar]

	



Depietri, Y.; Renaud, F.G.; Kallis, G. Heat waves and floods in urban areas: A policy-oriented review of ecosystem services. Sustain. Sci. 2012, 7, 95–107. [Google Scholar] [CrossRef]

	



Mohajerani, A.; Bakaric, J.; Jeffrey-Bailey, T. The urban heat island effect, its causes, and mitigation, with reference to the thermal properties of asphalt concrete. J. Environ. Manag. 2017, 197, 522–538. [Google Scholar] [CrossRef]

	



Pedlowski, M.A.; Da Silva, V.A.C.; Adell, J.J.C.; Heynen, N.C. Urban forest and environmental inequality in Campos dos Goytacazes, Rio de Janeiro, Brazil. Urban Ecosyst. 2002, 6, 9–20. [Google Scholar] [CrossRef]

	



Baró, F.; Palomo, I.; Zulian, G.; Vizcaino, P.; Haase, D.; Gómez-Baggethun, E. Mapping ecosystem service capacity, flow and demand for landscape and urban planning: A case study in the Barcelona metropolitan region. Land Use Policy 2016, 57, 405–417. [Google Scholar] [CrossRef]

	



Huang, C.; Yang, J.; Lu, H.; Huang, H.; Yu, L. Green Spaces as an Indicator of Urban Health: Evaluating Its Changes in 28 Mega-Cities. Remote Sens. 2017, 9, 1266. [Google Scholar] [CrossRef]

	



Santos, T.; Mendes, R.N.; Vasco, A. Recreational activities in urban parks: Spatial interactions among users. J. Outdoor Recreat. Tour. 2016, 15, 1–9. [Google Scholar] [CrossRef]

	



Litwiller, F.; White, C.; Hamilton-Hinch, B.; Gilbert, R. The impacts of recreation programs on the mental health of postsecondary students in North America: An integrative review. Leis. Sci. 2022, 44, 96–120. [Google Scholar] [CrossRef]

	



Anguluri, R.; Narayanan, P. Role of green space in urban planning: Outlook towards smart cities. Urban For. Urban Green. 2017, 25, 58–65. [Google Scholar] [CrossRef]

	



Rivas-Martínez, S.; Navarro, G.; Penas, A.; Costa, M. Biogeographic map of South America. A preliminary survey. Int. J. Geobot. Res. 2011, 1, 21–40. [Google Scholar] [CrossRef]

	



Bellocq, M.I.; Leveau, L.M.; Filloy, J. Urbanization and bird communities: Spatial and temporal patterns emerging from southern South America. In Ecology and Conservation of Birds in Urban Environments; Springer: Cham, Switzerland, 2017; pp. 35–54. [Google Scholar] [CrossRef]

	



Ziter, C. The biodiversity–ecosystem service relationship in urban areas: A quantitative review. Oikos 2016, 125, 761–768. [Google Scholar] [CrossRef]

	



Layke, C. Measuring Nature’s Benefits: A Preliminary Roadmap for Improving Ecosystem Service Indicators; World Resources Institute: Washington, DC, USA, 2009; pp. 1–36. [Google Scholar]

	



Gehrels, H.; van der Meulen, S.; Schasfoort, F.; Bosch, P.; Brolsma, R.; van Dinther, D.; Massop, H.T.L. Designing Green and Blue Infrastructure to Support Healthy Urban Living; TO2 Federatie; ECN: Sint Maartensvlotbrug, The Netherlands, 2016; p. 109. [Google Scholar]

	



Breuste, J.; Schnellinger, J.; Qureshi, S.; Faggi, A. Urban ecosystem services on the local level: Urban green spaces as providers. Ekológia 2013, 32, 290–304. [Google Scholar] [CrossRef]

	



Sikorski, P.; Gawryszewska, B.; Sikorska, D.; Chormański, J.; Schwerk, A.; Jojczyk, A.; Ciężkowski, W.; Archiciński, P.; Łepkowski, M.; Dymitryszyn, I.; et al. The value of doing nothing—How informal green spaces can provide comparable ecosystem services to cultivated urban parks. Ecosyst. Serv. 2021, 50, 101339. [Google Scholar] [CrossRef]

	



Barthel, S.; Folke, C.; Colding, J. Social–ecological memory in urban gardens—Retaining the capacity for management of ecosystem services. Glob. Environ. Chang. 2010, 20, 255–265. [Google Scholar] [CrossRef]

	



Petter, M.; Mooney, S.; Maynard, S.M.; Davidson, A.; Cox, M.; Horosak, I. A Methodology to Map Ecosystem Functions to Support Ecosystem Services Assessments. Ecol. Soc. 2013, 18, 36. [Google Scholar] [CrossRef]

	



Reyers, B.; Biggs, R.; Cumming, G.S.; Elmqvist, T.; Hejnowicz, A.P.; Polasky, S. Getting the measure of ecosystem services: A social–ecological approach. Front. Ecol. Environ. 2013, 11, 268–273. [Google Scholar] [CrossRef]

	



Sutton-Grier, A.E.; Wowk, K.; Bamford, H. Future of our coasts: The potential for natural and hybrid infrastructure to enhance the resilience of our coastal communities, economies and ecosystems. Environ. Sci. Policy 2015, 51, 137–148. [Google Scholar] [CrossRef]

	



De Groot, R.S.; Wilson, M.A.; Boumans, R.M.J. A typology for the classification, description and valuation of ecosystem functions, goods and services. Ecol. Econ. 2002, 41, 393–408. [Google Scholar] [CrossRef]

	



Marre, J.-B.; Thébaud, O.; Pascoe, S.; Jennings, S.; Boncoeur, J.; Coglan, L. Is economic valuation of ecosystem services useful to decision-makers? Lessons learned from Australian coastal and marine management. J. Environ. Manag. 2016, 178, 52–62. [Google Scholar] [CrossRef]

	



Scholes, R.; Reyers, B.; Biggs, R.; Spierenburg, M.; Duriappah, A. Multi-scale and cross-scale assessments of social–ecological systems and their ecosystem services. Curr. Opin. Environ. Sustain. 2013, 5, 16–25. [Google Scholar] [CrossRef]

	



Skidmore, A.K.; Pettorelli, N.; Coops, N.C.; Geller, G.N.; Hansen, M.; Lucas, R.; Mücher, C.A.; O’Connor, B.; Paganini, M.; Pereira, H.M.; et al. Environmental science: Agree on biodiversity metrics to track from space. Nature 2015, 523, 403. [Google Scholar] [CrossRef]

	



White, P.C.L.; Jennings, N.V.; Renwick, A.R.; Barker, N.H.L. Questionnaires in ecology: A review of past use and recommendations for best practice. J. Appl. Ecol. 2005, 42, 421–430. [Google Scholar] [CrossRef]

	



Cortinovis, C.; Geneletti, D. A framework to explore the effects of urban planning decisions on regulating ecosystem services in cities. Ecosyst. Serv. 2019, 38, 100946. [Google Scholar] [CrossRef]

	



Langemeyer, J.; Gómez-Baggethun, E.; Haase, D.; Scheuer, S.; Elmqvist, T. Bridging the gap between ecosystem service assessments and land-use planning through Multi-Criteria Decision Analysis (MCDA). Environ. Sci. Policy 2016, 62, 45–56. [Google Scholar] [CrossRef]

	



Kain, J.-H.; Larondelle, N.; Haase, D.; Kaczorowska, A. Exploring local consequences of two land-use alternatives for the supply of urban ecosystem services in Stockholm year 2050. Ecol. Indic. 2016, 70, 615–629. [Google Scholar] [CrossRef]

	



Asadolahi, Z.; Salmanmahiny, A.; Sakieh, Y.; Mirkarimi, S.H.; Baral, H.; Azimi, M. Dynamic trade-off analysis of multiple ecosystem services under land use change scenarios: Towards putting ecosystem services into planning in Iran. Ecol. Complex. 2018, 36, 250–260. [Google Scholar] [CrossRef]

	



Wang, Y.; Li, X.; Zhang, Q.; Li, J.; Zhou, X. Projections of future land use changes: Multiple scenarios-based impacts analysis on ecosystem services for Wuhan city, China. Ecol. Indic. 2018, 94, 430–445. [Google Scholar] [CrossRef]

	



Mascarenhas, A.; Haase, D.; Ramos, T.; Santos, R. Pathways of demographic and urban development and their effects on land take and ecosystem services: The case of Lisbon Metropolitan Area, Portugal. Land Use Policy 2019, 82, 181–194. [Google Scholar] [CrossRef]

	



Stott, I.; Soga, M.; Inger, R.; Gaston, K.J. Land sparing is crucial for urban ecosystem services. Front. Ecol. Environ. 2015, 13, 387–393. [Google Scholar] [CrossRef]

	



Villaseñor, N.R.; Tulloch, A.I.T.; Driscoll, D.; Gibbons, P.; Lindenmayer, D.B. Compact development minimizes the impacts of urban growth on native mammals. J. Appl. Ecol. 2017, 54, 794–804. [Google Scholar] [CrossRef]

	



Capotorti, G.; Ortí, M.M.A.; Copiz, R.; Fusaro, L.; Mollo, B.; Salvatori, E.; Zavattero, L. Biodiversity and ecosystem services in urban green infrastructure planning: A case study from the metropolitan area of Rome (Italy). Urban For. Urban Green. 2019, 37, 87–96. [Google Scholar] [CrossRef]








[image: Sustainability 14 10751 g001 550] 





Figure 1. Literature search flow diagram. 
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Figure 2. (A) Accumulated number of studies by year (note that studies in 2021 comprise only those in January and February); (B) number of studies by publication type; (C) number of studies by country; (D) relationship between population size and number of studies in study areas. Blue points correspond to cities. Green points show national capitals. We note that Minas Gerais is a State in Brazil (thus, it is depicted in a different color). To aid visualization, the last panel excludes a national assessment in Brazil. 
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Figure 3. Geographical representation of the cities studied. 
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Figure 4. (A) Number of studies by ecosystem service type; (B) number of studies by perspective; (C) number of studies by land cover type; (D) number of studies by type of green space. 
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Figure 5. Number of studies according to the ecosystem services evaluated. 
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Figure 6. (A) Number of studies by spatial scale of analysis; (B) number of studies by type of analysis; (C) number of studies by data type. 
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Table 1. Summary of the authors’ main recommendations ([24,25,26,27,28,29,30,31,32,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57]).
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	Recommendation
	Authors





	Territorial and landscape planning
	



	
	
Should consider ecosystem assessment, promoting equitable access and sustainable use of resources.





	Escobedo et al. 2015 [43], Iwan et al., 2017 [48], Reverte et al. 2020 [52]



	
	
Should guarantee ecosystem services to achieve landscape sustainability.





	Montoya-Tangarife et al., 2017 [25]



	
	
Should consider socioeconomic aspects and multiple scales to aim a harmonic territorial development.





	Ubilla and Villegas 2017 [55], Juanita et al., 2019 [32]



	
	
Should consider topography because it can influence ecosystem services provision.





	Sanches et al., 2020 [53]



	
	
Planned urban growth will increase urban density and green areas, favoring ecosystem services provision.





	de la Barrera et al., 2016 [41]



	Nature conservation
	



	
	
Need to value geodiversity for long-term nature conservation and ecosystem services provided by abiotic factors.





	Motta 2019 [49]



	
	
Need to consider different knowledge systems to guarantee the conservation of ecosystems and their services.





	Aguado et al., 2018 [27]



	
	
Need to protect native species through habitat enhancement (e.g., reforestation) and improvement of ecosystem services provision.





	Collantes 2007 [30]



	
	
Consider the economic value of ecosystem services and economic incentives to promote ecosystem conservation.





	Martínez 2008 [26]



	Improvement of green areas
	



	
	
Improve distribution of green areas considering a network and sustainable maintenance and management of small and medium green spaces.





	Banzhaf et al., 2019 [39], Mujica and Karis 2021 [50]



	
	
Provide parks in deprived urban areas to decrease the scarcity and inequity in access to ecosystem services.





	de la Barrera et al., 2019 [40]



	
	
Consider vegetation type to provide ecosystem services that are needed.





	Fernandez 2019 [35], Banzhaf et al., 2019 [39]



	
	
Park establishment and renewal should consider maintenance costs and the value of ecosystem services.





	Almeida et al. 2018a [28], Almeida et al., 2018b [38]



	Green infrastructure
	



	
	
In highly built areas, green roofs and green permeable paving can mitigate ecological impacts.





	Ronchi and Arcidiacono 2019 [29]



	
	
The green riparian corridor could improve ecosystem service provision and mitigate and adapt to climate change.





	Vásquez 2016 [57]
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