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Abstract: The effects of climate change have a negative impact on urban areas and projections indicate
these impacts will worsen in the coming years. In this context, cities need to adapt to the adverse
effects of climate change. Potential solutions proposed in the literature for this adaptation include
the use of Ecosystem Services. However, of the large volume of publications, few articles provide a
structured analysis of the contribution and use of the concept in urban planning and adaptation to
climate change. The objective of the present study was to review the literature on the subject and
provide a structured analysis of the state of the art, main authors, countries, and references addressing
the topic, together with key concepts emerging from this research, and challenges for future studies.
Thus, a hybrid method of bibliometric analysis and in-depth reading of key articles held on the Web
of Science electronic database was applied. The results revealed a growing scientific interest in the
subject, a trend of greater interdisciplinarity in research, use of different evaluation methods, both
economic and non-economic, and a systemic perspective that approaches sustainability not only as
an environmental problem, but as a complex phenomenon.
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1. Introduction
1.1. Research Problem and Objective

Climate change, a global phenomenon strongly influenced by human activity, neg-
atively impacts urban environments, placing cities front and center of discussions on
adaptation to climate change. The relevance of this topic lies in the alarming projections of
the adverse effects of climate change, with urban environments at particularly high risk and
vulnerability given the large contingent of the population that resides in urban areas. In
2018, 55% of the world’s population lived in cities and, according to projections, two-thirds
of the world’s population will be urban by 2050 [1]. Although accurately determining the
adverse effects of climate change on the urban environment is fraught with uncertainty,
some of the main expected effects include: a general increase in sea level, frequency of
storms and extreme precipitation events, heat stress and heat islands, floods, landslides,
droughts, pollution, water shortages, wildfires, infections, and parasitic diseases [2,3].

This scenario calls for adaptation measures in urban environments, prompting numer-
ous research approaches examining the issue. As part of the quest for solutions promoting
adaptation of cities to climate change, there is growing interest from professionals and
researchers in exploiting the benefits of nature as a valid approach for urban planning and,
in this context, many authors cite the concept of Ecosystem Services (ESs) [4-8].

Seminal literature reviews, such as those by Demuzere et al. [9] and Salmond et al. [10],
systematized ES benefits for climate change adaptation in urban areas. Other authors
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have focused on case studies and/or analysis in Geographic Information System soft-
ware. Norton et al. [11] explored the potential of green infrastructure for mitigating high
urban temperatures. Gill et al. [12] discussed the role of green infrastructure in climate
change adaptation based on the case of Greater Manchester, while Geneletti et al. [13]
reported an analysis of the use of Ecosystem-based adaptation in European urban climate
adaptation plans.

However, of the large volume of publications, few papers provide a structured anal-
ysis of the contribution and use of the ESs concept in urban planning. Some reviews
contribute to the discussion by focusing mainly on conceptual definitions. The study of
Pauleit et al. [14] characterized the concepts of Green Infrastructure (GI), Ecosystem-based
Adaptation (EbA), Nature-based Solutions (NbS), and ESs, and examined their interrelation-
ships and overlaps. Other investigations provide a structured analysis of specific concepts
(e.g., NbS, EbA, or GI), such as the studies by Nesshover et al. [15], O’Sullivan et al. [16],
Chatzimentor et al. [17], Brink et al. [18], and Matsler et al. [19].

Guerry et al. [20] argued that the pace of research on ESs has increased greatly in the
last decade, but this increase has been accompanied by inconsistent and confusing use
of terms. Tan et al. [21], in an article describing a conceptual framework to untangle the
concept of Urban Ecosystem Services, showed that about half of the 319 papers reviewed by
the authors on Urban Ecosystem Services provided no definition of ESs, demonstrating that
many studies cite the concept imprecisely, failing to address its systemic nature. In addition,
the data set of the quantitative stage of the present study shows that of the 316 articles
collected, only 21% cite the Millennium Ecosystem Assessment report [22], 15% the article
by Bolund and Hunhammar [23], and 18% the article by Gémez-Baggethun et al. [24],
which are central references for this debate (Supplementary Data).

Considering this background, the objective of the present study was to review the
literature addressing the use of ESs for climate change adaptation in urban areas, and to
provide a structured analysis of the state of the art, trends, main authors, countries, and
references addressing the topic, key concepts emerging from this research, and challenges
for future studies. To this end, a hybrid method of bibliometric analysis was employed
entailing in-depth reading of key articles retrieved from the Web of Science (WoS) electronic
database published between 2000 and 2020.

The present study was divided into four sections: the first part, comprising this
introduction, states the research problem and objective, and provides a brief introduction
on the concept of ESs, while the second part outlines the method employed for the present
review of the literature. In the third part, the results of applying the method are presented,
including the main articles retrieved, along with the prominent authors of seminal studies
in the main journals worldwide, providing a picture of the current state of the art and
evolution of the concept. Subsequently, the articles with greatest impact identified by the
bibliographic analysis were examined in more detail to reveal the methods used by authors
and to determine whether they associated ESs with adaptation to climate change in urban
areas. Lastly, the results found formed the basis for a critical discussion centring on the
following three points: (1) scientific interest and interdisciplinarity; (2) research approaches;
and (3) challenges for future studies in urban areas.

1.2. Brief Introduction to the Concept

Human beings are inherently dependent on ESs, defined as the direct and indirect
benefits that humans obtain from nature [22,25]. We depend on nature for producing food,
for products, water, and also for ensuring favorable climatic conditions for our survival.
However, natural resources have been exploited in an extractivist and predatory manner,
leading to degradation of ecosystems, i.e., a continual reduction in the ability of ecosystems
to provide these services.

Degradation of ecosystems and global climate change are causing an increase in
adverse weather events, such as extreme heat waves, droughts, cyclones, and natural forest
fires. These events have grim implications and pose new risks on a local, regional, and
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global scale. With regard to cities, the Intergovernmental Panel on Climate Change (IPCC)
projections for increased vulnerability of urban communities are alarming and cite risks
to health and human life, besides material and economic losses, landslides, air pollution,
floods, thermal stress, and water shortages, among others [26].

The views which pervaded environmental narratives of the 1960s and 70s involved
sustainable development approaches supported chiefly by governments. In the 1990s,
particularly after the Brundtland report, the notion of incorporating multiple actors in the
devising of public policies and agendas promoting sustainability prevailed [27].

Amid discussions concerning environmental degradation and the need to review the
development model, several pivotal events took place in which the United Nations (UN)
played a key institutional-political role. Rio92 (United Nations Conference on Environment and
Development) had a central role in formulating the global guidelines and agenda for tackling
climate change and global warming (United Nations Framework Convention on Climate
Change—UNFCCC), which involved a commitment by most industrialized nations to
implement the framework guidelines and control their country’s emissions of greenhouse
gases [28].

After Rio92, other important milestones were reached, with more ambitious targets,
such as the Kyoto Protocol agreed at the 3rd Conference of the Parties (COP3) in 1997.
Subsequently, other COPs and accords involving signatory member-countries of the UN
emerged, with the goal of discussing sustainable development models and tackling climate
change. Although there has been heavy criticism for breaching of these agreements, and
concerns over the need to establish more effective models of governance for meeting
targets [29], these agreements still play an important role on an international level.

In the context of this work, notable among the initiatives fostered by the UN is the
Millennium Ecosystem Assessment (MEA). Called for by the then-Secretary-General of the
UN, Kofi Annan in the 2000s, the MEA addressed sustainable development from a systemic
perspective, considering human well-being and the guarantee of ESs as pivotal elements
for new development perspectives.

The aim of the assessment was to gain an understanding of the consequences of
ecosystem change for human well-being and of the scientific basis for the development
of studies and public policies addressing this issue. The work involved over 1300 experts
worldwide who, in collaboration, produced a scientific-technical report containing five
volumes whose findings revealed declines in biodiversity and cultural services, clean water
(for human consumption and production purposes), air quality, and climate regulation
(particularly at local and regional levels), among other factors.

The concept of ESs developed in the context of the MEA encompasses not only the
benefits related to the environmental dimension of ecosystems, but also includes social and
cultural aspects in building integration between man and nature. Drawing on previous
studies [25,30], the MEA defined the concept of ESs as the benefits humans obtain from
ecosystems and established four categories for assessing these services, namely: (a) support
services (e.g., soil formation and nutrient cycling); (b) provision services (e.g., food, water,
wood, and fuel); (c) regulation services (e.g., climate regulation, flood control, water
treatment); and (d) cultural services (e.g., recreation, aesthetics, spirituality, and education).

All these categories are related to the concept of human well-being, defined in the
report as the guarantee of material and non-material conditions which promote well-being,
including safe and adequate means of living, food, shelter, clothing and access to goods,
health and a healthy physical environment, and freedom of choice, all within a framework
of balance between ecosystems and human needs.

2. Materials and Methods
2.1. Methods

A hybrid method of bibliometric analysis and in-depth reading of key articles was
employed for the present study.
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The first phase of the review was performed using the bibliometric analysis method,
a quantitative method involving statistical analysis of articles published and citations to
measure their respective impacts. In situations involving a large volume of academic and
scientific output, the bibliometric method is useful for providing a structured analysis of a
large volume of information, allowing the researcher to gain a broader picture of a research
area [31]. This phase was conducted using the Software RStudio (version 4.0.4) with the aid
of the bibliometrix R-package and BiblioShiny app [32] to carry out a quantitative analysis
of the articles retrieved from the WoS on-line database. The search terms, period, and
inclusion criteria for the search are presented later.

After the quantitative analysis, which allowed trends, main authors, countries, and
references addressing the theme to be identified, a second stage entailing a qualitative
analysis was commenced. The twelve highest-impact articles were selected for in-depth
reading based on the number of citations. The aim of this full examination was to determine
whether the authors established a relationship between ESs and tackling climate change
in the urban context, as well as to identify the method proposed by each publication.
During screening of this second phase, the articles “Managing aquatic ecosystems and
water resources under multiple stress—An introduction to the MARS project” by H. Gering
and “Biogeochemical C and N cycles in urban soils” by K. Lorenz were excluded because
they addressed highly specific aspects not directly related to urban issues.

2.2. Data Sources and Treatment

The WoS database was elected for the search, constituting one of the most recognized
databases holding high quality standardized academic publications. In addition, this
database is recommended for analyses conducted with the Bibliometrix R-package [32].
The search protocol entailed 4 phases, as depicted in Figure 1. The first phase was devising
the search strategy to be applied to the WoS database, involving selection of key words for
mapping the research area and analysis of articles selected. The second phase involved
research and data collection, employing the keywords “climate change” AND “ecosystem
services” AND “urban planning”. The search terms were applied to the fields “Title”,
“Abstract”, and “Keywords” for the period spanning from 2000 to 2020, covering the
following areas of knowledge: environmental sciences, environmental studies, ecology,
urban studies, and regional urban planning. Phase 3 involved the analysis and treatment
of data using the software tool RStudio (version 4.0.4) in conjunction with the Bibliometrix
package. Lastly, phase 4 was performed, in which key articles from the literature were
selected for more in-depth reading and critical analysis of results.
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PHASE 01
Study design
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PHASE 02
Research and Data Collection

Y

PHASE 03
Choice of software and data input

+ Strategy to be applied to the WoS database
+ Key-words selection

Data base: Web of Science (through Portal CAPES)

Exclusion criteria:
Year: 2021
Areas of knowledge

Inclusion criteria:

Period: 2000-2020

Areas of knowledge: environmental sciences, environmental
studies, ecology, urban studies and regional urban planning.
Key-words: “climate change” AND “ecosystem services” AND
“urban planning”

Output: (n=316 articles)

_ |RStudio - version 4.0.4

!

PHASE 04
Analysis of results and selection of
bibliography for in-depth reading

| Bibliometrix package

* Publications after MEA

+ Peak publications coinciding with AR5 and ODS
« Main references and articles

« Most relevant countries in the theme

Figure 1. Search protocol. Prepared by authors.

3. Results
3.1. Bibliometric Analysis

The output of data collection after filtering yielded 316 articles (Supplementary Data).
The graph below (Figure 2), depicting the data retrieved from the WoS database, clearly
shows the growing academic-scientific interest in the topic. Interest in relation to urban
areas surged after publication of the Fifth Report of the IPCC [26,33] and the Sustainable
Development Goals—SDG [34], which promoted the agenda of cities as a key element for

sustainable development.

Annual Scientific Output based on articles retrieved from WoS

100

Number of articles

2002 2004 2006

—e— Articles

2010 2012 2014 2016 2018
Year

-+----- Expon. (Articles)

2020

Figure 2. Annual scientific output (2000-2020). Source: produced by authors based on articles

retrieved from WoS.

The main journals that published relevant articles in the search period were Sustain-
ability (31), Landscape and Urban Planning (26), Ecological Indicators (18), Science of
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the Total Environment (17), and Land Use and Policy (14). The journal Landscape and
Urban Planning ranked highest for number of local citations (1185), followed by Ecological
Indicators (426), Urban Forestry and Urban Greening (371), and Ecosystem Services (356).

Regarding countries with the highest number of publications, the United States of
America (USA) ranked top (189 articles), followed by China (134) and Germany (83),
whereas for impact in terms of citations, the USA predominated (2025), followed by Ger-
many (1192), Australia (936), and China (684) (Figure 3).

4

0 I 2.025

Figure 3. Most-cited countries. Source: produced by authors based on data from WoS processed by
RStudio using the Bibliometrix package.

Figure 4 shows the relationship between the main references cited in the articles,
the most prominent authors on the subject (based on impact of articles), and the most
commonly used keywords. Interestingly, one of the most cited references on the database
was the MEA, along with several seminal articles which provided the basis for this line of
research, such as the 1997 article by Robert Costanza et al. in Nature [25].

Additionally, regarding the most-cited references involving application in urban areas,
a number of these articles are seminal. These include articles by Per Bolund and Sven Hun-
hammar [23] and by Konstantinos Tzoulas [35], investigating the importance of ecosystem
services in urban areas and their contributions to human well-being, the articles by Erik
Gomez-Baggethunab and David Barton [36], classifying and assessing ecosystem services
in urban areas, advocating the introduction of economic and non-economic evaluations of
ecosystem services for the process of urban planning and decision-making, and the paper
by De Groot et al. [37], whose investigation examined the challenges of integrating the
concept of ecosystem services and values in landscape planning and decision-making.

The most prolific authors on the subject were Dagmar Haase (Humboldt University—
Germany), Christine Wamsler (Lund University—Sweden), Stephan Pauleit (Technical
University of Munich—Germany), Davide Geneletti (Trento University—Italy), and Fran-
cisco J. Escobedo (University of Florida—USA). There was major interest in the topic among
EU countries, particularly Germany (Figure 5). Latin American and Caribbean countries,
however, had low output and few citations on the subject.
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Figure 5. Relationship among most-cited references, most-prolific authors, and most commonly used
keywords. Source: produced by authors based on data from WoS processed by Rstudio using the
Bibliometrix package.

Brazil ranked 33rd in the most-cited countries, with only 13 citations. Few Brazilian
authors addressed ecosystem-based adaptation from an urban planning perspective in
indexed journals, where studies instead tended to center on the areas of biology and conser-
vation and on the Amazon Forest. However, the author Fabio Scarano [5] published a key
article providing an overview of the concept of Ecosystem-Based Adaptation, highlighting
its potential for adaptation to climate change in developing countries, including urban and
peri-urban areas.

Figure 4 shows the recurrent key words, representing an extended group of the primary

/a7

terms searched, namely: “ecosystems services”, “climate change” and “urban planning”, to
include “adaptation”, “adaptation to climate change”, “resilience”, and “green infrastructure”,
illustrating that the terms searched involve different lines of research which seek to reconcile

nature and the city with respect to adaptation.

3.2. Review of Articles with Highest Impact

With the aim of determining whether the authors established a relationship between
ESs and coping with climate change in the urban context, and to analyse the method
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reported in each publication, the twelve highest-impact articles were selected for more
in-depth reading.

The articles analysed were of three main methodological types: (1) literature re-
view [9,10,38-40]; (2) case studies—qualitative analysis [6,12]; and (3) analyses/or scenar-
ios with Geographic Information System (GIS) software [11,41-43].

The articles pointed to the need for creating a new perspective for urban planning
which puts human well-being center stage and adopts an interdisciplinary approach,
involving a range of different societal actors and professionals from various fields of
knowledge that promote integration of research, practice, and public policies. Several
barriers were identified by different authors, such as the need for new models of governance
and the incorporation of social aspects in studies on the subject, and the conducting of future
studies which can provide scientific evidence of causality between ESs and adaptation to
climate change.

Most articles showed a relationship between ESs and adaptation to climate change
using different scales and approaches (see Table 1). Some articles performed analyses
based on the ESs concept, while others mentioned ESs but centered on related operational
concepts, such as Green Infrastructure (GI), Nature-based Solutions (NbS), and Ecosystem-
based Adaptation (EbA).

Table 1. Analysis of most-relevant articles selected from literature review.

Relationship between Ecosystem Services

and Tackling Climate Change in the Urban
Context Addressed?

Method Employed?

SANDIFER, P.A., 2015 [38]

Partially. The study made an association
between ESs and adaptation to climate change
but focused more on health-related benefits in

the form of human well-being. The authors
highlighted the need for a new vision of urban
planning centered on human well-being and a
fresh interdisciplinary approach.

Review of the literature focused on
peer-reviewed high-relevance articles. Given
the interdisciplinary nature of the subject
matter, articles from different knowledge
areas were reviewed (ecology and ecosystem
services, public health, biomedicine, urban
planning, and psychology, among others).

NORTON, B.A., 2015 [11]

Yes. The study reported a direct relationship
between ESs provided by green infrastructure
and adaptation to climate change with an
emphasis on mitigating high temperatures in
urban areas, citing other
complementary benefits.

Quantitative assessment with use of GIS
software combining census/demographic
data, temperature, land use, and
social vulnerability.

DEMUZERE, M., 2014 [9]

Yes. The article noted that green
areas/infrastructure promote ecosystem
services that yield biophysical and
psychological benefits, while also helping
toward adaptation to and mitigation of climate
change. The categories showing greatest
evidence were: health and restoration benefits,
social and individual response capacity, and
education; flood reduction, improvement in
water quality, and reduction in CO,.

Systematization of evidence found in the
literature regarding benefits of urban green
infrastructure for adaptation to and
mitigation of climate change on three
different scales.

LOVELL, S.T., 2013 [39]

Yes. The authors argued cities are
socioecological systems and that promoting
ecosystem services in urban areas via green

infrastructure, together with the participative
process, increases resilience and adaptation to
the challenges of climate change.

Review of the literature, description of tools
supporting application of green
infrastructure, and selecting strategies of
engaging the community in the
planning process.
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Table 1. Cont.

Relationship between Ecosystem Services
and Tackling Climate Change in the Urban
Context Addressed?

Method Employed?

NIEMELA, J., 2010 [6]

Yes. The authors showed that the ESs approach
provides an opportunity for urban region
planning from a more ecological and
sustainable perspective and that conservation
of ecosystems and urban planning can mitigate
the effects of climate change on urban regions.

Qualitative assessment on how the ESs
approach has been used in planning and
conservation of green areas based on the case
of Finland.

KABISCH, N., 2016 [4]

Yes. The authors, however, used the NbS
concept, pointing to the benefits of
ecosystem-based solutions for adaptation and
mitigation of climate change in the context of
cities. The authors recognized the NbS concept
is linked to other concepts involving ecology
aspects proposing solutions for cities, such as
“green infrastructure” and “ecosystem-based
adaptation”, among others.

Qualitative assessment based on a Workshop
involving experts from different disciplines
addressing NbS and their relationship with

adaptation to and mitigation of climate
change. The workgroups discussed: (1)
indicators for measuring the effectiveness of
NDbS for mitigation of and adaptation to
climate change and associated benefits; (2)
gaps in knowledge on the effectiveness of
NDbS in cities; (3) barriers to implementing

NDbS; and (4) opportunities for facilitating the

action of NbS.

HAASE, D., 2012 [43]

Partially. The article did not make a direct
reference to the climate change issue, but
touches on the role of ESs in urban regions for
improving local climatic conditions, potential
for the areas of recreation and biodiversity,
food production, and carbon absorption.

A quali-quantitative assessment using GIS
software drawing on land cover data (1990,
2000, and 2006) and ES indicators of local
climate regulation, above-ground carbon
storage, biodiversity potential, food
production, and recreation potential.

MATTHEWS, T,, 2015 [40]

Yes. The authors, however, focused on the
concept of green infrastructure.

Qualitative method of reviewing the
literature and conducting semi-structured
interviews with urban planners from
academic and both public and private sectors
engaged in climate change, land planning,
and green infrastructure.

SALMOND, J.A., 2016 [10]

Yes. The results highlighted ESs that benefit
the local context and help promote adaptation
to climate change, but also revealed ecosystem
“disservices” at a local scale, such as increasing

pollen and allergies.

Qualitative method of revising the literature
based on a matrix of ecosystem services
focused on urban areas at a local scale.

MEEROW, S., 2019 [42]

No. The article provided a critical analysis of
the urban resilience concept, associated with
climate change, showing its tensions, conflicts,
and trade-offs.

Qualitative method with scenario modelling
using GIS software.

GILL, S.E., 2008 [12]

Partially. The article cited the potential of ESs
and green infrastructure in the context of
climate change, but its scope centered on

methodologies for characterizing urban areas

(land cover, more accurate mapping of green

areas) to support plans and projects related to

the issue.

Urban morphology-type mapping and land
surface analysis to support assessments of
ESs and aid green infrastructure planning

and strategies for adaptation to climate
change based on the case of a region in
Manchester (UK).

GRET-REGAMEY, A., 2008 [41]

No. The articles involved a model for assessing
and valuing ESs for building scenarios to aid
decision-makers in visualizing impacts. The

authors made an association between ESs and

local benefits, but not with climate change.

Scenario building, process of modelling, and
economic evaluation, all integrated in GIS
software, followed by building scenarios for
assessing impacts.

Source: produced by authors.
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Corroborating the broad conceptual view in approaches to the topic, Figure 6 shows
a growing variety in trend-topics over the years. In 2011, articles were more centered on
urban form, in 2014 on the environment dimension, whereas in 2015 articles tended to focus
on indicators. Between 2016 and 2020, the topics were broader, with emphasis on the issue
of climate change (temperature, vulnerability, impacts, and potential impacts), adaptation
(adaptation to climate change, adaptation, and resilience), cities, and ecosystem services.

-
210 IMPACT (16,39%) LANDSCAPE URBANIZATION (22,95%)
2018 CITIES (11,52%) LIMATE E(2 ECOSYSTEM SERVICES (31,41%) MANAGEMENT (13,61%)
2017 MODEL (16%) RESILIENCE (20%) SYSTEMS (16%)

016 m PATTERNS (19,67%) SCIENCE (21,31%) TEMPERATURE (14,75%) VULNERABILITY (22 |
018 INDICATORS (100%)

2011 FORM (100%)

0% 10% 20% 30% 40% 50% 60% 70% B0% 20% 100%

Figure 6. Topics most addressed in articles published between 2011 and 2020. Source: produced by
authors based on data from WoS processed by Rstudio using the Bibliometrix package.

4. Discussion

Based on the results of the bibliometric review and qualitative analysis of the articles
selected for in-depth reading, this section presents a discussion of the findings underpinning
the involvement of interdisciplinarity in linking ESs research to urban planning (4.1.),
the use of different operational concepts that emerged from this research area for urban
planning (4.2.), and reflections on the challenges for future studies conducted on this
subject (4.3).

4.1. Scientific Interest and Interdisciplinarity

According to Davide Geneletti [8] and Christian Kull [27], the concept of ecosystem
services has been attracting growing interest in the scientific milieu and in the arena of
policymaking over the last 20 years. Corroborating this trend, the results of the present
literature review showed increasing scientific-academic interest in the concept with relation
to adaptation to climate change in urban areas.

It is noteworthy, however, that the concept first emerged in the discussion of the
theory of conservation in the 1981 book titled “Extinction; the causes and consequences of the
disappearance of species” [44], and was also widely cited in a number of disciplines from
the 1990s onwards following the publication of the book titled “Nature’s services: societal
dependence on natural ecosystems” by Gretchen Daily [30] and of the article “The value of the
world’s ecosystem services and natural capital” by Robert Costanza et al. [25] in the journal
Nature. These two publications, together with their authors and research groups, proved
pivotal in creating the MEA, which elevated the concept of ecosystem services to a global
level and helped shape environmental agendas and public policies [27].

The MEA report represented a significant milestone for sustainable development by
introducing a more complex view of ecological and social systems into the international de-
bate and by considering environmental problems as relational rather than sectoral. The aim
of the report was not only to carry out an assessment of the state of biodiversity loss of the
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planet, but to elucidate the relationship among ESs, human well-being, and development
toward an integrated view incorporating multiple dimensions and different actors.
Besides confirming the interdisciplinary nature of the concept, the results of this review
revealed a trend toward interdisciplinarity in research on the subject, given most of the
articles reviewed involved several authors, and the leading authors had different areas
of expertise, such as urbanism, landscaping, biology, economics, and geography, among
others. It is important to point out that, although the review showed the collaboration of
authors from various fields of knowledge in producing the articles and contributing to this
trend towards interdisciplinarity, the literature reviewed in-depth also revealed limits to
this interdisciplinarity and difficulties implementing the concepts based on the use of ESs
to climate change adaptation in urban areas, as is further discussed in the ensuing sections.

4.2. Research Approaches in the Urban Environment Involving Different Evaluation Methods

By discussing and comparing the graph of annual Scientific Output (Figure 2) against
the figure depicting trend-topics (Figure 6), it is evident that in the areas of Urban Planning,
the concept involved contributions in the field of theory and in devising lines of research
linking the ESs concept with adaptation to climate change in urban environments. Indeed,
the integration between city and nature, or between natural and built environments, is not
exactly new in city planning. There are centuries-old theoretical frameworks and practices
in the area of urbanism and urban landscapes that have sought this kind of integration,
for example, the renowned studies by lan McHarg [45], Patrick Geddes and Ebenezer
Howard [46]. On the other hand, the 20th century was marked by a rupture between the
city and nature [47].

Research work seeking to integrate natural and built environments culminated in
different lines of theory and practice in the field of urban planning and landscape. The ESs
concept, particularly owing to its integrating and interdisciplinary concept defined in the
MEA, influenced the creation of key research approaches in contemporary urbanism, as
illustrated in the time-line below (Figure 7).
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Figure 7. Discussion outcome: Time-line conceptualizing the issues of climate change and Ecosystem
Services in Urban Planning and highlighting the major milestones. Source: produced by author.

These approaches are aimed at exploiting the benefits provided by nature in the
planning process and reconnecting cities and the biosphere, giving rise to the concepts
addressed in the articles reviewed, such as Ecosystem-based Adaptation (EbA), Green
Infrastructure (GI), and Nature-based solutions (NbS).

These overlapping concepts are important in the scientific-academic debate and also
in the devising of public policies. According to O’Sullivan, Mell, and Clement [16], the
differences between NbS and other similar concepts created previously remain unclear.
Pauleit et. al. [14] proposed systematizing these concepts in the urban planning sphere
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based on a literature review, attributing some definitions to each concept while acknowl-
edging their overlaps (see Table 2).

In this regard, within the area of urban planning, the concepts of Ecosystem Services
(ESs), Green Infrastructure (GI), Ecosystem-based Adaptation (EbA), and Nature-based
solutions (NbS) overlap in many ways yet differ with regard to the clarity of their defini-
tions and practical applicability in the urban planning process. For instance, the Green
Infrastructure (GI) concept is the most consolidated as regards application, whereas Ecosys-
tem Services has a more well-established definition over a longer period, but in the urban
planning field commonly requires other concepts to allow its wider implementation. While
all these concept address climate change to some degree, EbA and NbS are more centered
on strategies for adaptation to climate change [14].

The pattern that seems to underlie these concepts applied to urban planning is the
incorporation of nature as a central element for the adaptation of cities in the face of climate
change, as part of the quest for (re)connection between human needs and the capacity of
the biosphere. This interpretation closely resembles the concept of resilience from a social-
ecological perspective, based on the notion that building resilience not only means adapting
or responding to crisis and change, but also to transforming social-ecological systems to
offer greater sustainability, where resilience is seen as a transformational capacity, involving
new ways of planning cities and of conceiving the relationship between the natural and
built environments [48,49].

4.3. Challenges for Future Studies

With respect to urban planning, the approaches involving the use of benefits provided
by nature as an element of strategies for adaptation to climate change have been developed
based on the notion of the city as a new—and complex—ecosystem, in an effort to better
understand the interactions between the systems needed for cities and ecosystems, the
natural and built environments, and to work together toward the goal of achieving human
well-being [24,50].

The interaction of the concept of ESs in the urban planning process yields benefits
to further the concept of developing more sustainable cities. This concept can help bring
together scientific knowledge and evidence from different areas of knowledge and allow the
creation of scenarios that embrace multiple dimensions and provide a balance of powers in
decision-making [8]. However, the complexity of urban and metropolitan areas, conflicting
legislation, interests, and agendas, on top of uncertainties, poses a major challenge in
applying these models to solve real-world problems.

Despite the promising nature and growing number of publications, numerous chal-
lenges and questions remain, particularly concerning models of governance (balance of
powers and participation of different actors) and implementation to promote city transfor-
mation, in addition to the need for further scientific studies exploring ecosystem services
and disservices in tackling climate change, where many studies focus on correlation as
opposed to causality. The areas for which most evidence is available in the articles reviewed
include regulation services (e.g., regulation of climate and floods, water treatment, and
CO; absorption).

Besides research with a focus on causality, the complexity of urban systems requires
future studies to approach cities as complex and diverse new ecosystems which have
resulted from a process of human-nature co-evolution [51]. As outlined earlier, from a social-
ecological perspective, the construction of resilient and sustainable urban environments
involves the transformation of urban systems into a connection between human needs and
biosphere capacity. Future studies should consider ways of integrating city and nature,
pooling efforts to ensure effective communication of the potential paths ahead to foster not
only adaptation and mitigation in the cities, but their potential transformative capacities
towards this ecological perspective, along with the inherent pros, cons and uncertainties.
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Table 2. Comparison of the concepts of Nature-based Solutions, Ecosystem-Based Adaptation, Green Infrastructure, and Ecosystem Services.

Concept Roots/Origin and Definition Current Focus Governance Focus Use in Urban Context Application in (Planning) Practice
New concept, definition still under )
debate/development Dealing with multiple societal Integratlveba ndd Still needs to be developed, but has a
NbS . . challenges; biodiversity seen as governance-base Urban focus from the start . ’ -
Rooted in climate change mitigation central to solution approaches are embraced strong action focus (problem solving)
and adaptation
Rather new concept, with definition People-centered approach;  Focus initially mostly on wider
EbA which is still debated Climate change adaptation bottom-up andparticipatory  agriculture and forestry, but now Still needs to be developed
Rooted in climate change adaptation approaches are called for increasingly also urban
Concept with a history of about two
decades; in Europe more recent; ] )
definition quite well established but Br iad soc1oe1colfog11cal éocus, b |
Y it . ticipat . .
2 dhodveen Mk brlodare Doy st o cpised
Rooted in controlling urban sprawl, landscape ecology
ecological network creation, but also
stormwater management
Longest history and definition well Biodiversity conservation by ) Partly established, but
ESs established, although still debated (economic) valuationof services Focus on governance Urban ESs have been in focus

Rooted in biodiversity conservation provided by nature

aspects, participation

only more recently

needsoperationalisation through
otherconcepts (such as GI, NbS)

Source: S. Pauleit et al., 2017. p. 40.
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5. Conclusions

There is growing scientific interest in the relationship between ecosystem services and
adaptation to climate change. The ESs concept has made a major contribution in the area of
urban planning, integrating different areas of knowledge to help weigh the importance of
the benefits that humans can obtain from nature and establish new models of development
and planning in cities and approaches promoting adaptation to climate change.

The key novel feature of ESs is their systemic view, which treats the issue of sustain-
ability not as a mere environmental problem, but a complex phenomenon. The concept
incorporates cultural, social, and economic aspects, showing a shift in paradigm toward
sustainability entails multiple dimensions that call for an interdisciplinary approach, em-
bracing different actors and areas of knowledge.

This approach, interdisciplinary in nature, encompasses different research areas and
methods, including in the area of urbanism, and underpins the concepts of Green Infrastruc-
ture, Ecosystem-based Adaptation, and the more-recent concept of Nature-based solutions.
Although some authors associated ESs with economic assessments of ecosystems, there are
different methods of evaluation, both economic and non-economic. In the area of urban
planning, biophysical, sociocultural, and economic methods prevail, where these can be
combined and integrated to achieve the required objective.

Despite important contributions and advances, several challenges and opportunities
remain for future studies investigating ESs and adaptation to climate change in urban
environments. More specifically, there is a need for further studies mapping causal relation-
ships and benefits from nature to formulate solutions for adaptation that incorporate social
aspects and new models of governance that ensure effective participation and a balance of
powers to help promote the goal of collective well-being, as well as the transformation of
urban systems to have greater resilience from a social-ecological perspective.
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