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1. Introduction

Urban areas are complex socio-ecological systems, simultaneously
hubs of challenges and centers for innovative actions to tackle those
challenges (McPhearson et al., 2016; Florida et al., 2017). One of the
latest approaches that could holistically address environmental, social,
and economic issues is conceptualized as Nature-based Solutions (NbS)
(Dorst et al., 2019; Albert et al., 2017; Bauduceau et al., 2015). The basis
of the approach is a multidimensional perspective on green infrastruc-
ture (GI) and its ecosystem services (Almenar et al., 2021). NbS in-
terventions that, overall, aim to improve quality of life occur at varying
scales: from single sites such as pocket parks to large citywide projects,
including multiplications and scaling up of small-scale solutions
(Nesshover et al., 2017; Eggermont et al., 2015). The transition from
well-established grey infrastructure approaches to innovative applica-
tions and conscious usage of NbS is built on the involvement of policy-
makers and stakeholders, society and science, as well as the business
sector, and requires recognition of emerging cooperation and
co-creation models (Nesshover et al., 2017; Davies and LaFortezza,
2019).

With the ambition of positioning Europe as a world leader in NbS
innovation, the European Union encourages the experimentation and
implementation of NbS, supports cooperation and exchange of experi-
ences between cities, and promotes good practices and their dissemi-
nation across the world (Faivre et al., 2017; Collier and Connop, 2020).
Since 2016, the European Commission has been funding a large number
of NbS research and innovation projects, and developing several ini-
tiatives and studies recommending this approach (Xie and Bulkeley,
2020). The support in this field is projected to continue as part of the
Green Deal, coherently with the objectives and targets of the EU’s
Biodiversity Strategy for 2030. As demonstrated in several European
cities (e.g. Zwierzchowska et al., 2019), the potential for extending the
use of NbS even in developed countries is still considerable.

This Special Issue aims to present contemporary knowledge, recent
conceptual developments, and practical experiences related to urban
transition towards NbS to foster the design and construction of sus-
tainable and resilient cities. The collection provides new scientific evi-
dence on the impact of NbS in solving urban problems as the basis for
informed decision-making. The variety of urban locations analyzed and
methods applied in the studies illuminates the complexity and multidi-
mensional facets of NbS. At the same time, it demonstrates a progressive
uptake of NbS concept in several urban policy domains.
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2. NbS and GI in the urban structure

Nature-based solutions in urban contexts can be viewed through an
existing matrix of GI and urban structure. Planning, design, imple-
mentation, and maintenance approaches presented in this special issue
refer either to existing green spaces that are re-discovered or re-assessed
within the frame of NbS concept or novel components of urban GI. In
this regard, novel land uses and diverse green space types or plant
species are presented as NbS means to urban transitions. While there is a
wide range of NbS interventions that can be applied in cities, most pa-
pers refer to one or at most few types of interventions. Adem Esmail et al.
(2022), in the case study of Stockholm, showed that the evolution of
greening concepts has so far contributed only to some extent to recog-
nizing the diversity of NbS and greening interventions, as scientific
papers most often focused on parks and (semi-) natural urban green
areas, including urban forests.

Four studies in this Special Issue look at existing green spaces and
green elements through the lens of NbS. Coville et al. (2022) and
Kampelmann (2021) focus on urban forests in two residential catch-
ments in Fond du Lac, Wisconsin (USA), and the two cities of Brussels
(Belgium) and Montreal (Canada), respectively. Mackiewicz and
Puente-Asuero (2021) investigate private and public allotment gardens
in Seville (Spain). Sikorska et al. (2021) emphasize the importance of
spontaneous vegetation in cities and bring into the framework of NbS an
intentional abandonment of green space cultivation and promotion of
wilderness to maximize the provisioning of ecosystem services and
improve the life quality of city dwellers.

Three other studies reflect on NbS as actions to integrate green
spaces and green elements into the grey matrix. Tan et al. (2021) provide
detailed insight into the potential to mitigate the urban heat island of ten
plant species (turf grasses, shrubs, and climber/creeper plants) under
different shade conditions, emphasizing the importance of site scale
design for the efficiency of NbS. D’Ambrosio et al. (2022) highlight the
crucial role of Sustainable Drainage Systems (i.e., previous pavements,
rain gardens, and infiltration trenches) for resilience to urban flooding,
while Cortinovis et al. (2022) assess the potential of different cities to
integrate various local scale interventions, including installing green
roofs, de-sealing parking areas, enhancing vegetation in urban parks,
and planting street trees, thus emphasizing the options for scaling-up
various solutions recognized as NbS.

The integration of green components in planned interventions is also
discussed by Gatecka-Drozda et al. (2021), who reveal the use and
misuse of green spaces associated with multifamily housing areas as NbS
in developers’ marketing strategies. Finally, Coombes and Viles (2021)
present the potential opportunities and existing limitations in applying
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NbDS into urban built heritage conservations that highlight the unique
needs of some parts of the city in terms of NbS implementation.

3. Impacts of NbS

The collection of articles showcases the wide variety of impacts NbS
can produce on urban areas, well synthesized by the list of urban chal-
lenges linked to the greening interventions investigated by Adem Esmail
et al. (2022). Two main impacts related to two of the most common
urban climate change adaptation challenges are especially prominent in
the articles. The mitigation of urban heat island is analyzed by Tan et al.
(2021), who assess different plant species in comparison with a range of
grey solutions, including high-albedo materials. D’Ambrosio et al.
(2022), and Coville et al. (2022) focus on stormwater management and
the mitigation of urban flooding and highlight important limitations and
risks from incorrectly applying common models. Both climate
change-related impacts are also considered by Cortinovis et al. (2022)
together with three other benefits (i.e., carbon sequestration, biodiver-
sity potential, and overall greenness) in an attempt to provide a multi-
functional assessment of NbS scenarios.

The role of NbS in providing societal benefits beyond the reduction of
environmental hazards is emphasized in other papers. Mackiewicz and
Puente-Asuero (2021) found that health and well-being impacts were
the most acknowledged among other societal, ecological and economic
benefits by plot holders of allotment gardens in Seville. Similarly,
bringing together the concepts of NbS and built heritage conservation,
Coombes and Viles (2021) highlight the societal benefits of education,
inspiration, sense of place, and identity that can derive from acknowl-
edging and safeguarding the cultural value of certain NbS.

From a different perspective, Gatecka-Drozda et al. (2021) investi-
gate how developers and real estate companies use the attractiveness of
NbS, often in a misleading way, to increase the market value of housing
estates. Economic impacts are also discussed by Kampelmann (2021),
who shows that suitable business, financing, and governance models can
make local NbS a viable solution for the provision of wood, with positive
impacts on the local economy.

4. Urban policy for NbS

Urban policy pertains to NbS utilization depending on how far the
operational knowledge is available, whether policymakers are aware of
the possibilities of using these solutions in practice, and whether they
are socially justified and financially feasible. In this respect, the situation
is arguably very heterogeneous due to various natural conditions,
diverse spatial structures in cities, and funding opportunities.

All papers included in this Special Issue relate either directly or
indirectly to urban policy for the implementation of NbS. The review by
Adem Esmail et al. (2022) includes methodological aspects focusing on
the relation between science and practice. They conclude that, although
scientific publications on greening interventions broaden the knowledge
about the role of nature in the socio-ecological system of the city, they
do not always promote the proper use and integration of research results
in urban planning.

The feasibility of NbS implementation in cities, especially their
scaling up, is the focus of scenario analysis studies. Cortinovis et al.
(2022) and D’Ambrosio et al. (2022) adopted a similar approach in
showing what is possible to do considering the physical constraints
imposed by the urban structure. However, barriers to NbS feasibility are
not limited to physical conditions, as discussed by Coombes and Viles
(2021), who analyze the possibility of introducing NbS to historical parts
of cities, pointing to the related challenges, opportunities, and prospects.
The issues of NbS implementation are addressed also in the paper by
Kampelmann (2021), who deals with the financing of NbS as a key
factor. The viable business, financing, and governance models devel-
oped in the presented case study demonstrate that NbS can be successful
also from an economic point of view.
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Beyond implementation, urban policies are required to manage NbS
appropriately in order to ensure the long-term sustainable provision of
their benefits. This includes maintaining existing vegetation (Coville
et al., 2022) and verifying that green spaces designed together with new
developments are actually implemented (Gatecka-Drozda et al., 2021).
But it also entails selecting the most appropriate governance structures
for green areas, as highlighted in the comparison between private and
public allotments in Seville (Mackiewicz and Puente-Asuero, 2021), as
well as the proper management actions, as discussed in the context of
spontaneous vegetation (Sikorska et al., 2021).

5. Summary

The collection of papers presented in this Special Issue presents the
development of NbS concept that is applied to existing and new in-
terventions intentionally to overcome various urban challenges. We
hope that this collection stimulates discussion among researchers and
innovators in the urban NbS community and wider afield, and we expect
that the growing number of NbS projects and initiatives will supply
further examples of efficacy and impacts. The studies in this Special
Issue come from cities across the globe, and used multiple methods from
literature review, scenario-based and case study approaches. The scope
of papers highlights the need for an integrated approach that is crucial
for translating scientific knowledge into practice. The urban transition is
progressing inevitably, and further studies on NbS, governance pro-
cesses and impact evaluations are needed to support evidence-based
decision-making.
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