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Abstract: Natural heritage is the composition between biodiversity and geodiversity; therefore, it is 
also a primary source of ecosystem and geosystem services that have multiple benefits such as ad-
aptation to climate change. However, it is mainly found in natural environments. On the other hand, 
due to climate change, there are cities around the world with extreme conditions such as heat or 
cold waves. The aim of this article is to analyse the implications of climate change in urban areas 
through a bibliometric mapping of ecosystem and geosystem services in urban planning of cities for 
the use of natural heritage as control and development of cities. The methods are indicated in a) 
selection of the topic, keywords and scientific databases; b) pre-processing, merging of databases, 
and data processing using Bibliometrix-RStudio; and c) analysis and interpretation of results. A total 
of 1425 records were found in Scopus and 1839 in the Web of Science, and the countries contributing 
to the subject are the United States (54%), China (52.2%), Germany (18.4%), the United Kingdom 
(17.8%), and Italy (15.8%). In addition, the processing of the unified database made it possible to 
recognize i) conceptual and intellectual structure, research trends over time. Finally, geosystem ser-
vices and ecosystem services help mitigate climate change through green infrastructure, blue infra-
structure, and their adaptability to gray infrastructure, contributing to sustainable development 
goals: sustainable cities and communities and climate action. 
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1. Introduction 
Natural diversity is the intersection and interaction between biodiversity (related to 

biotic variation [1]) and geodiversity (related to geo(mor)logical variation [2,3]) [4,5]. It is 
also associated with natural heritage and megadiverse places, i.e. it is found in natural 
environments [6,7]. Its importance lies in the benefits it brings to humanity in a context of 
environmental sustainability, composed of the ecosystem and geosystem services [8,9]. 
These include adaptation to climate change, energy, food, water, air, and pandemic pre-
vention, among others [10,11]. On the other hand, climate change is the change in weather 
patterns [12], caused by the excessive emission of greenhouse gases from various indus-
trial activities [13,14]. Climate change causes problems such as extreme weather condi-
tions like heat and cold waves, hurricanes, tornadoes, landslides, and erosion, which af-
fect cities and, in general, the sustainability of the world's population [15,16]. For example, 
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in Asia, cities such as Bangkok (Thailand), Seoul (South Korea), and Singapore are vulner-
able to climate change, mainly due to heat waves and floods [17]; in Southeast Asian cities, 
Kamput (Cambodia), Hoi An (Vietnam) and Samut Sa-khon (Thailand), rban transport is 
threatened by sea level rise, storm surges, water intrusion, and the effects of flooding [18]. 
In Europe, coastal cities bordering the Mediterranean, e.g. Zagreb, Athens (Greece), Rome 
(Italy), Valencia (Spain), are prone to climate change impacts, including changes in the 
water cycle and desertification [19]; In addition, Vienna (Italy) and Salzburg (Austria) are 
affected by extreme weather affecting tourism and the economy of the cities [20]. In Amer-
ica, California (United States), climate change causes fires, floods, hurricanes, hurricanes, 
and other natural disasters [21]. In Sao Paulo (Brazil), this problem causes flooding and 
overflowing of rivers, affecting urban areas and the environment [22]. In Africa, Guateng 
province, fresh water is threatened due to climate change stress affecting sustainability 
and socio-economic activities [23], in Lagos (Nigeria), water resources, including ground-
water, are vulnerable mainly due to overexploitation and decreases in aquifer recharge 
due to changes in climate [24]. In Australia, Sydney, climate change has decreased air 
quality and with it, deteriorating human health, even causing premature deaths [25]; In 
Brisbane, this phenomenon increases the temperature of the city, reaching 40°C, leading 
to dangerous heat [26]. 

Thus, the ecosystem and geosystem services play a key role in helping cities adapt to 
the various threats of climate change through green, blue and combined grey infrastruc-
tures [27]. Green infrastructures can be defined as constructions in an urban space that 
offer ecosystem benefits through green areas [28]. On the other hand, blue infrastructure 
includes benefits from water bodies such as rivers, lagoons, wetlands and seas in urban 
settings [29]. Both can be combined into a green-blue infrastructure (GBI), and the existing 
infrastructure can be adapted to a hybrid, i.e. greengray hybrid [30]. While these infra-
structures bring benefits such as climate change adaptation, there are other benefits such 
as: improvements in public health, recreation and urban landscapes, water and air [31]. In 
general terms, ecosystem and geosystem services in urban environments offer benefits 
linked to the Sustainable Development Goals (SDGs) set out by the United Nations [32,33]. 
Thus, systematic analyses using bibliographic information, mainly from scientific data-
bases contribute to the analysis and synthesis of different areas, such as urban sustaina-
bility [34], climate change mitigation and adaptation [35], and disaster risk management 
[36]. The aim of this article is to analyse the effects of climate change through bibliometric 
mapping of scientific publications in the Scopus and Web of Science (WoS) databases for 
the use of experiences about the natural environment as control and development strate-
gies in cities. 

2. Materials and Methods 
The method in this research is synthesised in three steps, the first is about the selec-

tion of the topic and the scientific databases; the second about the (pre)processing and 
combination of Scopus and Web of Science (WoS); the third about analysis and interpre-
tation. Step 1 consisted of selecting the topic and the databases, specifically the topic of 
natural heritage, eco- and geosystem services in urban environments, using keywords and 
Boolean operators: “natural heritage” or “natural diversity” or “ecosystem services” or 
“geosystem service”AND “city” or “urban planning” AND “climate change” or “climate 
adaptation” or “climate mitigation” OR “climate regulation”. Subsequently, this step in-
cluded the selection of databases, specifically Scopus and WoS, because both databases 
index high quality articles [37]. Step 2 consisted of combining the databases, and removing 
duplicate documents in Scopus and WoS, i.e. documents shared in both databases [38]. 
This step also involved processing the unifying database in Bibliometrix-RStudio. This 
software is specific for science mapping studies [39]. Finally, step 3 allowed the results to 
be exported from Bibliometrix, mainly a) trends in published papers per year, b) percent-
age of contribution in country publications, c) conceptual structure and research trends 
(through keyword analysis), and their interpretation considering i) articles with the 
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highest number of citations, open access and mitigation strategies for the use of natural 
heritage and its benefits in urban environments. 

3. Results and Interpretation 
Overall, the interaction of search terms led to 1425 records in Scopus, in WoS 1839, 

the database with the merger of Scopus and WoS resulted in 2376 records, i.e., 888 dupli-
cate records were removed. The trend of published papers per year is shown in Figure 2. 

 
Figure 1. Number of publications per year (unified database, Scopus and WoS). 

Two trends stand out, the first in a linear fashion from 1996 to 2009, and the second 
in an exponential fashion from 2010 to 2022. In the first period (1996 to 2009), the im-
portance of nature for the survival of humanity and the need for ecosystem services in 
cities is recognised [40]. A primary option is urban forests, which offer multiple eco-sys-
temic benefits such as climate regulation, soil protection, carbon dioxide abatement in the 
atmosphere [41]. In addition, the modelling of ecosystem services began, which enabled 
the development of climate change mitigation strategies [42]. In the second period (2010–
2022), the links between ecosystems and social-ecological systems, which manage vegeta-
tion patterns and harness the benefits of landscapes in urban environments, are recog-
nised [43], as well as the importance of forests as ecosystem services, mainly the water 
cycle and its availability [44]. It also substantiates the various benefits, mainly climate 
change adaptation, air purification, urban planning, that are obtained through green in-
frastructure, which together bring benefits for human well-being [11]. The term "Nature-
based solutions" (imitates, copies or builds on nature) is highlighted [45]), which promotes 
green and blue infrastructures, involving research (natural environments in urban areas), 
government, politics and society [46]. Also the importance of the restoration of man-
groves, sand dunes, salt marshes that in coastal cities prevent the effects of climate change 
(erosion and flooding) [47]. And it distinguishes urban environments with green infra-
structure, which offers climate regulation, in general, low temperatures in summer [48]. 
On other hand, this analysis includes the countries with the largest share of contributions, 
where the United States (54%), China (52,2%), Germany (18,4%), the United Kingdom 
(17,8%) and Italy (15,8%) stand out. 

3.1. Conceptual Structure and Research Trends 
The conceptual structure was processed using the author keywords and exported 

from Bibliometrix. Figure 4 shows the conceptual structure grouping driving themes: clus-
ter a (green infrastructure, urban planning, nature-based solutions); niche themes: cluster 
b (urbanisation, conservation, carbon sequestration); emerging or declining themes: clus-
ter c (land use, land use change, values of ecosystem services); core themes: cluster d (eco-
system services, climate change, sustainability). 
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Figure 2. Thematic map about urban planning, climate change, conservation and land use change. 

On the other hand, the research trends identified are shown in Figure 5, where the 
line represents the period of study of the keywords and the size of the node represents the 
frequency of use. The most studied trends are ecosystem services (621 uses), climate 
change (382), and green infrastructure (193). While those that have lasted over time are 
water supply (2011–2020), urban forests (2014–2020), land use change (2015–2020). Finally, 
the current trends are urban green spaces and investment. 

 
Figure 3. Research trends using authors’ keywords. 

3.2. Research Institutes, Themes and Sources 
Overall, the institutes with the highest number of contributions in this topic are Chi-

nese Academy of Science (n = 70), University Chinese Academy of Science (n = 67), Beijing 
Normal University (n = 61), Arizona State University (n = 58), US Forest Services (n = 58). 
Figure 4 lists the top 15 research institutions, topics and sources (journals, conferences 
and/or books). In which Sustainability (148), Science of the Total Environment (n = 98), 
Ecological Indicators (n = 72), Urban Forestry & Urban Greening (n = 71), and Land (n = 
46) stand out. 
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Figure 4. Links between Research Institutions, Topics and Sources (Sankey diagram). 

4. Discussion. 
The contributions collected by unifying the Scopus and WoS databases reached 2376 

records (without duplicates), information that has been worked on by 7800 authors in 800 
sources (journals, conferences, books). It also made it possible to identify the most studied 
trends: ecosystem services (621 = 26.13%), climate change (382 = 16%), and green infra-
structure (193 = 8.12%). And that the countries with the highest contribution amounts are: 
United States (54%), China (52.2%), Germany (18.4%), United Kingdom (17.8%) and Italy 
(15.8%). In addition, the sources with the highest number of contributions were identified 
as Sustainability (148), Science of the Total Environment (n = 98), Ecological Indicators (n 
= 72), Urban Forestry & Urban Greening (n = 71), and Land (n = 46). In general, when 
comparing results with systematic studies, where ecosystem services are analysed, the 
trend of publications per year is very similar, as the shape of the trend starts in the 1990s 
[49], where exponential growth has been noted since 2010 [50]. Countries contributing to 
the development of the issue are also identified, with the United States leading the way 
[51]. Some advantages of the study are the unification of the Scopus and WoS databases, 
which helps to reach papers indexed in good quality journals. In general, the trends are: 
(i) publications per year, (ii) relative contribution per country, (iii) research trends over 
time through keywords, (iv) conceptual structure, and v) top universities and research 
institutes, relation to the topics addressed and sources (Figure 4). However, the main dis-
advantage is that in the review part only articles with the highest number of citations are 
considered. 

5. Conclusions 
The analysis of climate change mitigation through eco- and geosystem services in 

urban environments allowed the identification of benefits in these areas. For example, the 
study of 2376 records unifying the Scopus and WoS databases mainly identified the use 
of forests in cities that help in climate regulation and improve air quality. Also, the use of 
green and blue infrastructure, which together help public health in urban environments 
and offer the public benefits of eco- and geosystem services, mainly adaptation to climate 
change, carbon sequestration, and improve the attractiveness of the landscape and en-
courage recreation by taking advantage of the consideration of natural heritage in urban 
areas. 

Author Contributions:  Conceptualization, G.H.-F. and J.M.-P.; methodology, P.C.-M.; software, 
J.C.-P.; validation, G.H.-F., J.M.-P. and P.C.-M.; formal analysis, G.H.-F.; investigation, G.H.-F. and 
J.C.-P.; resources, J.M.-P.; data curation, G.H.-F.; writing—original draft preparation, G.H.-F.; 



Proceedings 2022, 69, x FOR PEER REVIEW 6 of 8 
 

 

writing—review and editing, G.H.-F., J.M.-P., P.C.-M. and J.C.-P.; visualization, J.C.-P.; supervision, 
G.H.-F.; project administration, G.H.-F.; funding acquisition, G.H.-F. and P.C.-M. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: The authors would like to thank the UPSE University (UPSE) due the projects: 
“Proyecto Geoparque Península de Santa Elena” (with code: 91870000.0000.381017) and “Proyecto 
Factores geoambientales de los pozos petroleros y su Incidencia en el Desarrollo Territorial en los 
Cantones Salinas y La Libertad de la Provincia de Santa Elena” (with code: 91870000.0000.385428). 
In addition, project of the ESPOL Polytechnic University such as “Registry of geological and mining 
heritage and its impact on the defense and preservation of geodiversity in Ecuador” (with code 
CIPAT-01-2018). 

Conflicts of Interest: authors declare no conflict of interest. 

References 
1.  Purvis, A.; Hector, A. Getting the measure of biodiversity. Nature 2000, 405, 212–219, doi:10.1038/35012221. 
2.  Gray, M. Geodiversity: developing the paradigm. Proc. Geol. Assoc. 2008, 119, 287–298, doi:10.1016/S0016-7878(08)80307-0. 
3.  Carrión-Mero, P.; Herrera-Narváez, G.; Herrera-Franco, G.; Sánchez-Zambrano, E.; Mata-Perelló, J.; Berrezueta, E. Assessment 

and promotion of geotouristic and geomining routes as a basis for local development: A case study. Minerals 2021, 11, 
doi:10.3390/min11040351. 

4.  Herrera-Franco, G.; Erazo, K.; Mora-Frank, C.; Carrión-Mero, P.; Berrezueta, E. Evaluation of a Paleontological Museum as 
Geosite and Base for Geotourism. A Case Study. Heritage 2021, 4, 1208–1227, doi:10.3390/heritage4030067. 

5.  Brilha, J. Inventory and Quantitative Assessment of Geosites and Geodiversity Sites: a Review. Geoheritage 2016, 8, 119–134, 
doi:10.1007/s12371-014-0139-3. 

6.  Carrión-Mero, P.; Morante-Carballo, F.; Herrera-Franco, G.; Maldonado-Zamora, A.; Paz-Salas, N. The Context of Ecuador’s 
World Heritage, for Sustainable Development Strategies. Int. J. Des. Nat. Ecodynamics 2020, 15, 39–46, doi:10.18280/ijdne.150106. 

7.  Carrión-Mero, P.; Ayala-Granda, A.; Serrano-Ayala, S.; Morante-Carballo, F.; Aguilar-Aguilar, M.; Gurumendi-Noriega, M.; 
Paz-Salas, N.; Herrera-Franco, G.; Berrezueta, E. Assessment of geomorphosites for geotourism in the northern part of the “ruta 
escondida” (Quito, ecuador). Sustain. 2020, 12, 1–23, doi:10.3390/su12208468. 

8.  Gray, M. Other nature: geodiversity and geosystem services. Environ. Conserv. 2011, 38, 271–274, doi:10.1017/S0376892911000117. 
9.  Gray, M. Geodiversity. In Geoheritage; Brilha, J., Reynard, E., Eds.; Elsevier, 2018; pp. 13–25. 
10.  Van Ree, C.C.D.F.; van Beukering, P.J.H. Geosystem services: A concept in support of sustainable development of the subsurface. 

Ecosyst. Serv. 2016, 20, 30–36, doi:10.1016/j.ecoser.2016.06.004. 
11.  Elmqvist, T.; Setälä, H.; Handel, S.; van der Ploeg, S.; Aronson, J.; Blignaut, J.; Gómez-Baggethun, E.; Nowak, D.; Kronenberg, 

J.; de Groot, R. Benefits of restoring ecosystem services in urban areas. Curr. Opin. Environ. Sustain. 2015, 14, 101–108, 
doi:10.1016/j.cosust.2015.05.001. 

12.  Fawzy, S.; Osman, A.I.; Doran, J.; Rooney, D.W. Strategies for mitigation of climate change: a review. Environ. Chem. Lett. 2020, 
18, 2069–2094, doi:10.1007/s10311-020-01059-w. 

13.  Althor, G.; Watson, J.E.M.; Fuller, R.A. Global mismatch between greenhouse gas emissions and the burden of climate change. 
Sci. Rep. 2016, 6, 20281, doi:10.1038/srep20281. 

14.  Sovacool, B.K.; Griffiths, S.; Kim, J.; Bazilian, M. Climate change and industrial F-gases: A critical and systematic review of 
developments, sociotechnical systems and policy options for reducing synthetic greenhouse gas emissions. Renew. Sustain. 
Energy Rev. 2021, 141, 110759, doi:10.1016/j.rser.2021.110759. 

15.  Gaines, S.D.; Costello, C.; Owashi, B.; Mangin, T.; Bone, J.; Molinos, J.G.; Burden, M.; Dennis, H.; Halpern, B.S.; Kappel, C. V.; 
et al. Improved fisheries management could offset many negative effects of climate change. Sci. Adv. 2018, 4, 
doi:10.1126/sciadv.aao1378. 

16.  Shanks, A.L.; Rasmuson, L.K.; Valley, J.R.; Jarvis, M.A.; Salant, C.; Sutherland, D.A.; Lamont, E.I.; Hainey, M.A.H.; Emlet, R.B. 
Marine heat waves, climate change, and failed spawning by coastal invertebrates. Limnol. Oceanogr. 2020, 65, 627–636, 
doi:10.1002/lno.11331. 

17.  Rahmasary, A.N.; Robert, S.; Chang, I.-S.; Jing, W.; Park, J.; Bluemling, B.; Koop, S.; van Leeuwen, K. Overcoming the Challenges 
of Water, Waste and Climate Change in Asian Cities. Environ. Manage. 2019, 63, 520–535, doi:10.1007/s00267-019-01137-y. 

18.  Noi, L.V.T.; Cooper, R.T.; Trang, D.T.T.; Minh, T.Q.; Huong, C.T.T.; Vin, S.; Sitak, S.; Intharathirat, R.; Lertsahakul, J.; Tinh, T.T. 
Climate change risk assessment and adaptation for loss and damage of urban transportation infrastructure in Southeast Asia. 
APN Sci. Bull. 2021, 11, doi:10.30852/sb.2021.1436. 



Proceedings 2022, 69, x FOR PEER REVIEW 7 of 8 
 

 

19.  Salvia, M.; Olazabal, M.; Fokaides, P.A.; Tardieu, L.; Simoes, S.G.; Geneletti, D.; De Gregorio Hurtado, S.; Viguié, V.; Spyridaki, 
N.-A.; Pietrapertosa, F.; et al. Climate mitigation in the Mediterranean Europe: An assessment of regional and city-level plans. 
J. Environ. Manage. 2021, 295, 113146, doi:10.1016/j.jenvman.2021.113146. 

20.  Jiricka-Pürrer, A.; Brandenburg, C.; Pröbstl-Haider, U. City tourism pre- and post-covid-19 pandemic – Messages to take home 
for climate change adaptation and mitigation? J. Outdoor Recreat. Tour. 2020, 31, 100329, doi:10.1016/j.jort.2020.100329. 

21.  Gwynne, P. Report lays bare economic threat from climate change. Phys. World 2019, 32, 8–8, doi:10.1088/2058-7058/32/1/11. 
22.  da Silva, C.; Schardong, A.; Garcia, J.; Oliveira, C. Climate Change Impacts and Flood Control Measures for Highly Developed 

Urban Watersheds. Water 2018, 10, 829, doi:10.3390/w10070829. 
23.  Zubaidi, S.L.; Ortega-Martorell, S.; Al-Bugharbee, H.; Olier, I.; Hashim, K.S.; Gharghan, S.K.; Kot, P.; Al-Khaddar, R. Urban 

Water Demand Prediction for a City That Suffers from Climate Change and Population Growth: Gauteng Province Case Study. 
Water 2020, 12, 1885, doi:10.3390/w12071885. 

24.  Shiru, M.S.; Shahid, S.; Shiru, S.; Chung, E.S.; Alias, N.; Ahmed, K.; Dioha, E.C.; Sa’adi, Z.; Salman, S.; Noor, M.; et al. Challenges 
in water resources of Lagos mega city of Nigeria in the context of climate change. J. Water Clim. Chang. 2020, 11, 1067–1083, 
doi:10.2166/wcc.2019.047. 

25.  Dean, A.; Green, D. Climate change, air pollution and human health in Sydney, Australia: A review of the literature. Environ. 
Res. Lett. 2018, 13, 053003, doi:10.1088/1748-9326/aac02a. 

26.  Chapman, S.; Thatcher, M.; Salazar, A.; Watson, J.E.M.; McAlpine, C.A. The impact of climate change and urban growth on 
urban climate and heat stress in a subtropical city. Int. J. Climatol. 2019, 39, 3013–3030, doi:10.1002/joc.5998. 

27.  Veerkamp, C.J.; Schipper, A.M.; Hedlund, K.; Lazarova, T.; Nordin, A.; Hanson, H.I. A review of studies assessing ecosystem 
services provided by urban green and blue infrastructure. Ecosyst. Serv. 2021, 52, 101367, doi:10.1016/j.ecoser.2021.101367. 

28.  Monteiro, R.; Ferreira, J.; Antunes, P. Green Infrastructure Planning Principles: An Integrated Literature Review. Land 2020, 9, 
525, doi:10.3390/land9120525. 

29.  Iojă, C.I.; Badiu, D.L.; Haase, D.; Hossu, A.C.; Niță, M.R. How about water? Urban blue infrastructure management in Romania. 
Cities 2021, 110, 103084, doi:10.1016/j.cities.2020.103084. 

30.  Kuwae, T.; Crooks, S. Linking climate change mitigation and adaptation through coastal green–gray infrastructure: a 
perspective. Coast. Eng. J. 2021, 63, 188–199, doi:10.1080/21664250.2021.1935581. 

31.  Pauleit, S.; Ambrose-Oji, B.; Andersson, E.; Anton, B.; Buijs, A.; Haase, D.; Elands, B.; Hansen, R.; Kowarik, I.; Kronenberg, J.; et 
al. Advancing urban green infrastructure in Europe: Outcomes and reflections from the GREEN SURGE project. Urban For. 
Urban Green. 2019, 40, 4–16, doi:10.1016/j.ufug.2018.10.006. 

32.  United Nations Do you know all 17 SDGs? Available online: https://sdgs.un.org/goals. 
33.  Carrión-mero, P.; Borja-bernal, C.; Herrera-franco, G.; Morante-carballo, F.; Jaya-montalvo, M.; Maldonado-zamora, A.; Paz-

salas, N.; Berrezueta, E. Geosites and geotourism in the local development of communities of the andes mountains. A case study. 
Sustain. 2021, 13, doi:10.3390/su13094624. 

34.  Kong, L.; Liu, Z.; Wu, J. A systematic review of big data-based urban sustainability research: State-of-the-science and future 
directions. J. Clean. Prod. 2020, 273, 123142, doi:10.1016/j.jclepro.2020.123142. 

35.  Omoregbe, O.; Mustapha, A.N.; Steinberger-Wilckens, R.; El-Kharouf, A.; Onyeaka, H. Carbon capture technologies for climate 
change mitigation: A bibliometric analysis of the scientific discourse during 1998–2018. Energy Reports 2020, 6, 1200–1212, 
doi:10.1016/j.egyr.2020.05.003. 

36.  Solórzano, J.; Morante-Carballo, F.; Montalván-Burbano, N.; Briones-Bitar, J.; Carrión-Mero, P. A Systematic Review of the 
Relationship between Geotechnics and Disasters. Sustainability 2022, 14, 12835, doi:10.3390/su141912835. 

37.  Powell, K.R.; Peterson, S.R. Coverage and quality: A comparison of Web of Science and Scopus databases for reporting faculty 
nursing publication metrics. Nurs. Outlook 2017, 65, 572–578, doi:10.1016/j.outlook.2017.03.004. 

38.  Echchakoui, S. Why and how to merge Scopus and Web of Science during bibliometric analysis: the case of sales force literature 
from 1912 to 2019. J. Mark. Anal. 2020, 8, 165–184, doi:10.1057/s41270-020-00081-9. 

39.  Aria, M.; Cuccurullo, C. bibliometrix : An R-tool for comprehensive science mapping analysis. J. Informetr. 2017, 11, 959–975, 
doi:10.1016/j.joi.2017.08.007. 

40.  Bolund, P.; Hunhammar, S. Ecosystem services in urban areas. Ecol. Econ. 1999, 29, 293–301, doi:10.1016/S0921-8009(99)00013-0. 
41.  Núñez, D.; Nahuelhual, L.; Oyarzún, C. Forests and water: The value of native temperate forests in supplying water for human 

consumption. Ecol. Econ. 2006, 58, 606–616, doi:10.1016/j.ecolecon.2005.08.010. 
42.  Brown, I.; Kellenberg, S. Ecologically Engineering Cities through Integrated Sustainable Systems Planning. J. Green Build. 2009, 

4, 58–75, doi:10.3992/jgb.4.1.58. 
43.  Turner, M.G. Disturbance and landscape dynamics in a changing world. Ecology 2010, 91, 2833–2849, doi:10.1890/10-0097.1. 
44.  Ellison, D.; N. Futter, M.; Bishop, K. On the forest cover–water yield debate: from demand- to supply-side thinking. Glob. Chang. 

Biol. 2012, 18, 806–820, doi:10.1111/j.1365-2486.2011.02589.x. 
45.  van den Bosch, M.; Ode Sang, Å. Urban natural environments as nature-based solutions for improved public health – A 

systematic review of reviews. Environ. Res. 2017, 158, 373–384, doi:10.1016/j.envres.2017.05.040. 
46.  Kabisch, N.; Frantzeskaki, N.; Pauleit, S.; Naumann, S.; Davis, M.; Artmann, M.; Haase, D.; Knapp, S.; Korn, H.; Stadler, J.; et al. 

Nature-based solutions to climate change mitigation and adaptation in urban areas: perspectives on indicators, knowledge gaps, 
barriers, and opportunities for action. Ecol. Soc. 2016, 21, art39, doi:10.5751/ES-08373-210239. 



Proceedings 2022, 69, x FOR PEER REVIEW 8 of 8 
 

 

47.  Morris, R.L.; Konlechner, T.M.; Ghisalberti, M.; Swearer, S.E. From grey to green: Efficacy of eco-engineering solutions for 
nature-based coastal defence. Glob. Chang. Biol. 2018, 24, 1827–1842, doi:10.1111/gcb.14063. 

48.  Hanson, H.I.; Wickenberg, B.; Alkan Olsson, J. Working on the boundaries—How do science use and interpret the nature-based 
solution concept? Land use policy 2020, 90, 104302, doi:10.1016/j.landusepol.2019.104302. 

49.  Englund, O.; Berndes, G.; Cederberg, C. How to analyse ecosystem services in landscapes—A systematic review. Ecol. Indic. 
2017, 73, 492–504, doi:10.1016/j.ecolind.2016.10.009. 

50.  Herrera-Franco, G.; Caicedo-Potosí, J.; Carrión-Mero, P. Geodiversity and Biodiversity for Conceptual Synthesis. In Proceedings 
of the Sustainable Development and Planning XII; WIT Press, 2022; pp. 383–392. 

51.  Chen, W.; Geng, Y.; Zhong, S.; Zhuang, M.; Pan, H. A bibliometric analysis of ecosystem services evaluation from 1997 to 2016. 
Environ. Sci. Pollut. Res. 2020, 27, 23503–23513, doi:10.1007/s11356-020-08760-x. 
 


