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The topic of pinpointing Nature-Based Solutions (NBS) in the urban context has been
cultivating interests lately from different scholars, urban planning practitioners and policy-
makers. This Special Issue originates from the Greening Cities Shaping Cities Symposium
held at the Politecnico di Milano (12–13 October 2020), aiming at bridging the gap between
the science and practice of implementing NBS in the built environment [1], as well as high-
lighting the importance of citizen participation in shared governance and policy making.
The Special Issue was also made open to other contributions from outside the symposium
in order to allow for contributions from a major scientific and practical audience wherever
possible. Indeed, we have gathered contributions from Italy, Germany, the Netherlands,
Turkey, Brazil, Portugal, Denmark, France, Bulgaria, Sweden, Hungary, Spain, the UAE,
the UK, and the USA.

In particular, a specific focus in this Special Issue is given to investigations on how
NBS and urban greening strategies are re-shaping the built environment and the whole
imagery of cities, both from a spatial and a governance perspective [2,3]. The intended
result is a set of contributions providing insights and food for thought to urban debates on
design and planning theory, policy and practice around NBS. Nowadays, cities are making
use of nature as a solution to many challenges, without radically and critically addressing
the full potential of interpreting green planning as a powerful urban design instrument and
governance feature [4]. For instance, how will vegetation infilling strategies affect planners’
toolkits and decision-making procedures? How can we get citizens involved in the design
and management process around NBS?

Hence, within this Special Issue, an attentive selection of contributions mainly looked
at addressing the procedural gaps in greening city strategies that are nowadays at the
forefront of re-shaping many urban fabrics, specifically by investigating governance and
citizen participation.

A strong emphasis on the viability NBS for implementation often encounters hin-
drances on the governance scale and lacks a strong functional governance model in order
to “make it work”. A big tranche of this pitfall is due to the lack of capacities and communi-
cation between municipal departments, as well as the need to raise awareness on how NBS
operate on a day-to-day activity. Hence, the capacity building and awareness activities
result as one major need in cities’ decision-making processes to make the implementation
of NBS more inclusive and their management shared among more stakeholders within a
sustainable urban planning approach [5].

Sustainability 2022, 14, 7011. https://doi.org/10.3390/su14127011 https://www.mdpi.com/journal/sustainability1



Sustainability 2022, 14, 7011

NBS are living and dynamic systems and require specific attention in design and
maintenance. Hence, the engagement and the active role of citizens is crucial [6]. One
important aspect of innovation in NBS implementation nowadays is its inclusivity and
its relatedness to citizen-centred approaches for implementation in Urban Living Labs
(ULLs). The notion is that ULLs allow a flexible structural pathway and include a variety of
sleeve tools to bring everyone on board [7]. Lessons in this section would mainly address
successful case studies from physical or digital ULLs experiences in implementing NBS in
urban regeneration processes.

Lastly, some of the Special Issue’s contributions also address whether the embed-
dedness of NBS in cities tangibly affects urban morphologies and radically impacts our
approach to urban planning, urban design strategies and, consequently, urban governance
models [8]. Integrating nature-based greening plans and NBS seems to be happening more
and more frequently in city strategic planning and city visions; however, a deep recognition
of the role of greening in shaping the overall imagery of cities and renovating the role of
green planning as a quintessential element of design and planning seems to be lacking a
deeper and conscious debate.

In sum, in this Special Issue, we aimed to touch base on many aspects related to NBS
conceptualization, public acceptance, implementation and upscaling in cities. The finality
of our exploration is to find clues towards a critical understanding and interpretation of
how greening cities is affecting urban shaping, both from morphological and governance
point of views. Other related questions on biodiversity and citizens engagement [9] or more
technical ones on climate change mitigation and adaptation using remote sensing methods
and GIS were not alluring to the authors of this Special Issue; however, they remain a
starting point for further scientific investigations.

Article 1: From Nature-Based to Nature-Driven: Landscape First for the Design of

Moeder Zernike in Groningen.

In this first article, Roggema gives a fresh perspective on climate change adaptation us-
ing a nature-driven approach [10]. He methodologically applies a research-through-design-
process on a case study, namely, “Moeder Zernike campus in Groningen, Netherlands”.
Roggema integrates food systems, coastal and water shortage dynamics as well as urban
agriculture in one visionary future plan for the area using NBS. This research article looks
at the tensions between short-term practices, adaptive climate change management relying
only on data availability and, lastly, on a longer-term view working towards the unknown
impact of future climate change. the main takeaway from this article is how embracing a
nature-driven perspective to urban design increases the adaptive capacity, the ecological
diversity and the range of healthy food grown on a university campus using a co-creative
design-led approach as a way to take nature as the basis for urban transformation.

Article 2: Stakeholder Participation in the Planning and Design of Nature-Based

Solutions. Insights from CLEVER Cities Project in Hamburg.

Arlati et al. [11] present reflections on the co-creation practices of NBS deployed in
the frame of the Horizon 2020 project CLEVER Cities by analyzing and discussing the
case study of Hamburg, Germany. The focus of the article is based on an analysis of
the stakeholder engagement methods called to collaborate in the environment of Urban
Living Labs (ULLs) for the co-creation of NBS and the role those stakeholders played
along the process. The potential of NBS to foster participation and support sustainability
transitions was recognized in the Hamburg case study under the circumstances granted by
the Horizon 2020 Programme. The paper argues that the current governance mechanisms
should undergo structural changes in order to allow a broader collaboration and steer the
transition process.

Article 3: Valuing the Invaluable(?)—A Framework to Facilitate Stakeholder En-

gagement in the Planning of Nature-Based Solutions.

In this article, Mok et al. [12] present and discuss the logic of a framework aiming at
facilitating stakeholder engagement in the planning of NBS from the project UNaLab—a
Horizon 2020 Research and Innovation Action. They exploit the challenges and trade-offs
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in approaches of NBS valuation with the goal of identifying key values and engaging
beneficiaries from the public, private and civil society sectors in the development of NBS.
Applied methods such as focus groups, interviews and surveys were used to assess different
framework components and their interlinkages, as well as to test their applicability in urban
planning. The authors develop a case for ’softer’ approaches to NBS value assessment tools
in order to encourage awareness-raising, stakeholder engagement and mobilize local actors
around NBS to complement ‘harder’ valuation mechanisms. Through a survey with experts
from the projects and several workshops, authors further developed their framework based
on providing a structured approach, which can be used in multiple contexts to facilitate
navigation through the complexity of a common understanding between actors from
different backgrounds and thus support the formation of new alliances for NBS planning
and implementation.

Article 4: Exploring Challenges and Opportunities of Biophilic Urban Design: Ev-

idence from Research and Experimentation.

Andreucci et al. [13] explore how the benefits of nature are understood for different
environments and multiple scales, ranging from a building (e.g., workplace) to the neigh-
borhood (e.g., arts and conference complex) and up to the citywide scale. For this aim, the
authors embrace biophilic design theory and make a case for the importance of deepening
the understanding and application of this approach, which is often considered of secondary
priority. The multi-scale examples of NBS implemented in both London and Chicago and
articulated in the article reinforce the importance of a systems-thinking approach, as the
authors also infer in the conclusions. Diverse are the perceptions, experiences and feelings
that people may develop while interacting with NBS while in the Shard or at the Barbican;
however, they are both components of the same city, in which people accomplish their
micro-mundane routines and co-exist in different ways.

Article 5: Evaluating the Relationship between Park Features and Eco therapeutic

Environment: A Comparative Study of Two Parks in Istanbul, Beylikdüzü.
Kara and Oruç [14] address the therapeutical benefits of (re-)establishing a connection

with nature, especially in the urban environment. Informed by a literature review on eco-
psychology and eco-therapy, as well as a case study carried out in a district of Istanbul, the
authors explore how the physical attributes of the space affect the user experience of being
in a park, the connection to nature and therefore the therapeutic benefits deriving from this.
The results suggest that the experience of and connectedness to nature is complex, with
several factors and determinants, as it may be sensible to expect for some. In our view, the
main takeaway from the study is the importance of adopting a user-centered approach to
landscape designing and policy making in order to unleash the potential psychological
benefits that NBS can provide. This reflection may encourage stakeholders to reflect on
how ready and equipped they are for this approach to be operationalized.

Article 6: Parque Augusta (São Paulo/Brazil): From the Struggles of a Social Move-

ment to Its Appropriation in the Real Estate Market and the Right to Nature in the City.

In his article, Baumgartner [15] reports on the narratives of the implementation from
Parque Augusta in the center of São Paulo, Brazil. After years of struggle with the city
and the real estate developers carried out by an organized social movement and citizens
to avoid building speculation on a precious green space, the collaborative co-design of
an urban park, enriched by green solutions (NBS), has followed. However, during the
park’s construction, the pressure of the properties surronded by high-density buildings
and the reduction in the implementation of the previusly agreed-on green solutions opened
reflections on urban greening processes, on appropriaton dynamics of green areas and on
the right to nature in the city. The natural elements play a key role and represent a powerful
medium in activating citizens in safeguarding and enhancing left-over spaces in cities. The
article proves how such an experience can inform local governments in deploying such civil
society engagement around nature, to improve democracy and support decision-making
processes and the planning of a city’s green space system.

3
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Article 7: Nature-Based Solutions for Storm Water Management—Creation of a

Green Infrastructure Suitability Map as a Tool for Land-Use Planning at the Municipal

Level in the Province of Monza-Brianza (Italy).
Senes et al. [16] develop a methodology to define Green Infrastructure for stormwater

management at the municipal level, with an application in the Province of Monza-Brianza, Italy.
NBS diffused in the city, in combination with the sewer infrastructure, will help see im-
provements arising from reductions in stormwater quantity and reduced sewage overflows.
The goal of this study is to support cities in setting up Green Infrastructure Suitability
Maps as a tool for land-use planning. Hence, aiming at identifying non-urbanized areas
where rainwater can potentially infiltrate, considering also site-specific soil characteristics,
the proposed methodology is defined based on three phases, namely: the definition of
the territorial information needed, the production of base maps and the production of a
Suitability Map. The authors demonstrate how the spatial mapping of NBS proves to be an
effective tool to support the decision-making process for spatial planning.

Article 8: Is Agent-Based Simulation a Valid Tool for Studying the Impact of Nature-

Based Solutions on Local Economy? A Case Study of Four European Cities.

Koppelaar et al. [17] describe an agent-based model which reveals the potential inter-
connection between the assessment of the wealth of the commercial urban fabric and the
development of wide NBS (e.g., parks). The reflections are drawn from longitudinal case
studies in three different countries. Despite the limitations of the work finely acknowledged
in their discussion, the authors make the case for the added value of the model, which
supports the decision-making process of urban developments by calculating the indirect
financial benefit of implementing NBS. The article may also raise reflections for the reader
about the wider system of places and practices that the NBS belong to and should be
considered with in order to assess and foster the benefits associated to them.

Article 9: Multi-Level Perspective on Sustainability Transition towards Nature-Based

Solutions and Co-Creation in Urban Planning of Belgrade, Serbia.

With this paper, Mitić-Radulović and Lalović [18] explore the challenge of achieving
clear, coherent and ambitious urban greening strategies embedded in urban planning and
developed in a co-creative, participatory and inclusive manner within the European context.
The work, using the Multi-Level Perspective (MLP) on sustainability transitions, observes
the urban planning system in Belgrade, Serbia, as a socio-technical regime with a focus on
two recent urban development initiatives in Belgrade, the Capital of Serbia, as the specific
context of analysis. In particular, the article examines informal urban planning instruments
that can be implemented by the practitioners of niche innovations to engage constructively
and appropriately in co-creation, supporting urban planners and NBS advocates in the
Serbian and EU enlargement context.

Article 10: Setting the Social Monitoring Framework for Nature-Based Solutions

Impact: Methodological Approach and Pre-Greening Measurements in the Case Study

from CLEVER Cities Milan.

In this article, Mahmoud et al. [19] set a new methodological approach for monitoring
the social impacts of NBS on human health and wellbeing, social cohesion and environ-
mental justice, as well as citizens’ perception about safety and security related to the NBS
implementation process. Their methodological approach relies on a co-creation process
using several steps of scoping and gathering information based on the case study of the
Milanese context from CLEVER Cities Horizon 2020 project. The authors examined the
relevance of using NBS in addressing social co-benefits by analyzing data from question-
naires submitted to citizens and participants of activities during pre-greening interventions
against a set of five major indicators: (1) place, use of space and relationship with nature;
(2) perceived ownership and sense of belonging; (3) psychosocial issues, social interactions
and social cohesion; (4) citizen perception about safety and security; and lastly, (5) knowl-
edge about CLEVER interventions and NBS benefits in relation to the socio-demographics
of the questionnaires’ respondents. Lastly, the results are cross-compared within the three
areas of interventions of the project Urban Living Labs (so called CLEVER Action Labs).
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The article hence pinpoints the importance of co-producing social monitoring methods
with citizens to set the boundaries for NBS place-based interventions and accentuate citi-
zens’ perceptions about their wellbeing, general health and strong sense of neighborhood
belonging. A wider interest is noted towards civic participation in co-management and
becoming informed about NBS interventions in the Milanese context.

Article 11: Municipal Practices for Integrated Planning of Nature-Based Solutions

in Urban Development in the Stockholm Region.

Brokking, Mörtberg and Balfors [20] explore how NBS are addressed in urban devel-
opment processes. The authors propose a study of municipal planning practices related
to NBS and their contribution to regional green infrastructures and social and ecological
qualities. They run their analysis on three case studies in the Stockholm region of Sweden.
They run a mixed method approach using focus groups, interviews and through the study
of official documents. The results of their study highlight that, while the institutional
conditions play a fundamental role in shaping the planning processes that can challenge
the ability to enhance social and ecological qualities, the planning and the design of urban
green spaces play a key role in the engagement of the communities. Co-creation sessions
are fundamental for the development of specific competences for the development of
innovative solutions on private and public green areas. Despite the differences between
the different case studies, the paper concludes that a knowledge-driven and integrative
planning process can foster the potential of NBS for green and sustainable cities.

Article 12: Green and Compact: A Spatial Planning Model for Knowledge-Based

Urban Development in Peri-Urban Areas.

Sanches, Lemes de Oliveira and Celani [21] define a multi-scalar spatial planning
model for peri-urban areas and urban voids able to reconcile medium-to-high building
densities with the provision of ecosystem services. They employ a three-scale spatial
planning model: micro, meso and macro. Subsequently, the model is applied to the case
of the International Hub for Sustainable Development (HIDS) in Campinas, Brazil. An
urban design proposal was developed during an international workshop in July 2020 and
was secondly completed with experts’ workshops and planning professionals. Lastly, in
2021, the model was evaluated and validated through a series of workshops looking at
evidence-based solutions and the evaluation of their results in real-time. This research puts
a mark on the practical application of modelling in design exercises towards reducing the
gap between theory and practice, which is beneficial to the approach of NBS.

Article 13: Guidelines for Citizen Engagement and the Co-Creation of Nature-Based

Solutions: Living Knowledge in the URBiNAT Project.

Nunes, Björner and Hilding-Hamann [22] focus on citizens’ participation within the
context of urban regeneration projects. Their work aims to develop specific guidelines for
the development of co-creation of NBS. The work was developed within the framework of
the Horizon 2020 project URBiNAT that focuses on the regeneration of underserved urban
districts. The article describes the processes followed within such a project: the collection
of scientific and practical input from both researchers and practitioners first, followed by a
deeper analysis of selected participants. The results highlight what the authors described
as an ‘ecology of knowledges’ based on a ‘living’ framework, addressing the needs of a
broad set of citizens and contexts. The paper includes a discussion on the implementation
of co-creation practices in the development of NBS. The conclusions broaden the research
context to include the refinement of the NBS approach, with participation being seen as
both a means and an end to it.

Article 14: How Do Nature-Based Solutions’ Color Tones Influence People’s Emotional

Reaction? An Assessment via Virtual and Augmented Reality in a Participatory Process.

Piga et al. [23] examine the effects of NBS on people’s emotions, focusing on the
reliability of Augmented Reality (AR) and Virtual Reality (VR) simulations as means for
engaging citizens in participatory processes. Their case studies explore the reaction to
existing and designed NBS, showing that some color tones of NBS, namely green and lime,
reduce the unpleasantness experienced while viewing the urban environment. Such effect
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is confirmed both in AR and VR, suggesting that increasing urban greenery can have a
positive effect. The results of VR are fully consistent with the previous literature, whereas
in AR, some variables show a different pattern. The authors suggest that available digital
tools are a valuable support for envisioning sustainable urban transformations with diverse
stakeholders, although further interdisciplinary studies are needed to tackle the technical
and ethical implications of such technologies.

Article 15: The Improvement of User Satisfaction for Two Urban Parks in 2 Dubai, UAE:

Bay Avenue Park and Al Ittihad Park.

Jung et al. [24] develop a conventional user satisfaction method and questionnaires for
analyzing users’ satisfaction in two urban parks in Dubai, Bay Avenue Park and Al Ittihad
Park. The authors, using a comparative analysis, expose different park users’ behavior,
satisfaction level (based on park environment and accessibility) and users’ demographic
information. Following a descriptive statistics and frequency method, the authors perform
a multiple regression analysis to better understand the physical environment factors af-
fecting each of the two parks’ satisfaction level. Both parks, being the green structures of
neighborhoods and located within walking distances of residential areas, prove to be highly
satisfying, in particular thanks to the presence of natural elements such as green spaces,
trees and trails. This research can be used as basic data for improving the future planning
of urban parks in Dubai, towards a more greening approach to urban planning, including
governmental policy, vision and implementation. This could be possible in the future by
conducting research on more diverse types of parks, other greening strategies and detailing
accessibility-related environmental factors, such as health, community wellbeing and other
physical characteristics, such as the width of sidewalks and types of pavement materials.

Review Article 16: Green(er) Cities and Their Citizens: Insights from the Partici-

patory Budget of Lisbon.

In this article, Falanga, Verheij and Bina [25] examine the role of the Participatory
Budget (PB) as a potential driver of urban sustainability. The experience of Lisbon, in
Portugal, a city recognized internationally as a leader in participatory budgeting the early
2000s, is analyzed and discussed. The authors propose a multimethod approach in the
analysis of data on PB calls in Lisbon, investigating emerging trends and variations in
citizen proposals, projects, votes and public funding. Emerging key topics show links
and trade-offs between locally embedded participation and the international discourse on
urban sustainability. A growing interest of project proposals focusing on NBS, involving
citizens and businesses, is emerging. Thoroughly analyzing PB data as an expression of
citizens’ interests and priorities is key to enabling cities to better integrate them into urban
planning strategies and—as argued by the authors—to counteract the dominant engineered
approach towards sustainability, mainly focused on green growth and innovation.
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Abstract: Global climate change impacts the future of urbanism. The future is increasingly uncertain,
and current responses in urban planning practice are often human-centered. In general, this is a way
to respond to change that is oriented towards improving the life of people in the short term, often
extracting resources from the environment at dangerous levels. This impacts the entire ecological
system, and turns out to be negative for biodiversity, resilience, and, ultimately, human life as well.
Adaptation to climatic impacts requires a long-term perspective based in the understanding of
nature. The objective of the presented research is to find explorative ways to respond to the unknown
unknowns through designing and planning holistically for the Zernike campus in Groningen, the
Netherlands. The methods used in this study comprise co-creative design-led approaches which are
capable of integrating sectoral problems into a visionary future plan. The research findings show how
embracing a nature-driven perspective to urban design increases the adaptive capacity, the ecological
diversity, and the range of healthy food grown on a university campus. This study responds to
questions of food safety, and growing conditions, of which the water availability is the most pressing.
Considering the spatial concept, this has led to the necessity to establish a novel water connection
between the site and the sea.

Keywords: nature-based solutions; landscape and urban design; urban agriculture and food systems;
coastal dynamics; Groningen

1. Introduction

Climate change is one of humanity’s biggest problems [1], and this is largely part
related to the ways in which humans live, even causing a new geological era, the anthro-
pocene [2]. The climate’s impact on land use, productivity, and food security [3], ecology [4],
livability [5–7], and safety, which is under pressure of accelerated sea level rise [8,9], is
moving beyond planetary boundaries [10]. The question of whether policy responses can
deal with these uncertainties is investigated in this article. It is clear that adaptation is
inescapable [11,12].

Current spatial planning focuses on the past, reiterating former policies for novel
problems [13,14]. New problems, however, cannot be solved with solutions derived from
the actions that caused them. Contemporary policies in the Groningen political arena
tend to ‘muddle through’ [15], and are focused on the near future and on well-understood
problems [16,17].

Current achievable policy outcomes are rooted in an existing context of political
negotiations and compromises in governance. Wicked problems cannot be dealt with
using linear answers—a common mistake. A ‘negotiated average’ provides solutions for
an already changed problem the moment the solution is brought forward, contradicting
the long-term larger scale [18], forming an adaptation gap [19,20]. Planning that responds
to emergencies is continuously ‘muddling through’ [15], while uncertainty and wicked
problems [21] require ‘unsafe planning’ [22], bridging this gap (Figure 1).
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Figure 1. The adaptation gap and wicked problems [19].

Instead, climate adaptation requires innovation in spatial planning that bypasses short-
term path-dependency. Therefore, coping with uncertainty [23] is essential, and short-term
spatial policymaking needs to be replaced by applying the art of the long view [24] and
unsafe planning [22], allowing us to leapfrog current policies.

Climate adaptation is viewed as a spatial challenge [25], positioning ‘design’ to dis-
cover holistic solutions [26–28]. This way, adaptation is designed for the Zernike campus,
located on the northern fringe of the city of Groningen in the Netherlands (Figure 2). This
university campus is home to two universities, several research institutes, and many enter-
prises and start-ups. It hosts approximately 30,000 people, including students and staff.
The Moeder Zernike project is part of the design-manifestation of the Climate Adaptation
Week Groningen, in which the task is to propose solutions for a 100-year future.

This article takes nature-based solutions (NBS) as the point of departure and investi-
gates the potentialities of how to anticipate climate impacts.
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Figure 2. Zernike campus in the northern fringe of the City of Groningen.

2. Research Problem

2.1. Problem Definition

Climate adaptation is often practiced with a human-centred objective. In many cases,
this leads to increased deterioration of ecosystems and biodiversity loss, puts pressure on
agricultural systems, and leads to economic problems and foodborne diseases. Moreover,
the lack of green space decreases the quality of life of humans, both physically as mentally.

2.1.1. Ecology

The worldwide decrease in biodiversity, up to 68% [29,30], has a negative impact
on soil and water quality. This impacts the functioning of all kinds of natural processes.
In 2007, populations of the black-tailed godwit, redshank, oystercatcher, and lapwing
were 10–60% lower than in 1990 [31], and this decline in open farmland birds has not
stopped (Figure 3). The numbers of the black-tailed godwit decreased by 40%, which is
internationally important since the major breeding area in Europe is in the Netherlands [32].
As a result of intensified farmland and cattle farming, this trend has continued to decline
since 1960 [31]. Biodiversity loss since the second half of last century is very high. This
umbilical cord cannot be severed, as human life depends on nature.
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Figure 3. Trends in bird populations open farmland in the Netherlands (in blue) [31].

2.1.2. Agriculture

A few crops, including potatoes, wheat, and sugar beet, and grassland dominate
the current agriculture in Groningen [33], and these land uses lead to the dewatering of
peatlands, causing carbon emissions constituting approximately 40% of the total Groningen
emissions from agriculture [34]. The EU subsidizes agricultural production, and due to
future reduction in these subsidies [35], farmer’s incomes are increasingly under pressure.
Globally, food security concerns rise [36]. Groningen’s agriculture is not capable of feeding
its own population, and it must therefore import food from around the globe. Food safety
poses another serious risk [37], as it may cause illnesses, epidemics, or pandemics. De-
watering in combination with relative sea level rise causes soil subsidence and increasing
salinity [38]. This problem has increased through recent droughts [39], creating additional
risks for the fresh water-dependent crops. In Groningen, agriculture has undergone a trans-
formation. As part of general developments in the Netherlands [40], land consolidation in
the 20th century led to larger parcels (Figure 4), increasing the vulnerability to illnesses
and economic change.

 

Figure 4. Landscape change in the Marne area as a result of land consolidation, from 1925 to 1975.

Agriculture finds itself at an intersection: will it follow existing pathways of increasing
efficiency of production methods, using up all the natural resources and emaciating the
landscape, or growing crops that enrich the soil, keeping nature healthy?
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2.1.3. The Soil-Salinity Complex

The soil in the landscape of the Groningen area is subjected to a toxic mix of increas-
ing salinity [41–43], soil subsidence resulting from dewatering the agricultural lands in
conjunction with peat oxidation [44–47] and gas extractions [48–50], and the desiccation
of the land [51,52], mutually exaggerating each other’s impacts. Dewatering of the land
causes soil subsidence, increasing the influence of seepage from the sea, which is even more
detrimental due to the land drying out as result of climatic droughts. Increasing differences
between the level of the land and the rising sea strengthens salinification, which causes
further dewatering, which, in turn, causes additional soil subsidence, subsequently exag-
gerating salinity. This vicious circle of land degradation leads to ever more compromised
conditions for growing food, induces a strictly controlled and managed water system,
causes further loss of biodiversity, and instigates an (assumed) need to raise dikes to pre-
vent the land from flooding. The impact of this process on traditional forms of agriculture
in the northern Netherlands makes it difficult for these farming types to stay economically
viable. Salinity alone is leading to an economic loss of EUR 1166/ha for potato fields [53].

2.1.4. Health-Problems

Resulting from the human-centred way in which we grow food and have organised
our settlements, human and ecological health has come under increasing pressure. Ur-
banization is considered to be one of the most important health challenges of the 21st
century [54], being associated with an increase in chronic and non-communicable condi-
tions such as obesity, stress, poor mental health, and a decline in physical activity [55].
When a population becomes more urbanized, green space has a positive influence on
mental health, social cohesion, and physical behavior [56,57]. In urban environments with
a lack of reasonable amounts of accessible green spaces, health problems tend to increase,
as the opportunities to exercise are limited, leading to higher chances of obesity [58–61].
More children living in these precincts suffer from attention disorder at school [62–65] or
encounter ADHD and similar illnesses [66–69]. The influence of green space on children’s
spatial working memory and their cognitive functioning is positive and strongly related to
academic achievement in children’s performance [62,63]. Psychological problems amongst
adults [70–72] cause higher levels of stress and domestic violence [73]. People living in
areas without access to nature were 1.27 times more likely to experience symptoms of
depression [74], and these areas were found to have higher crime levels compared to other
areas [75]. Meanwhile, the health-related outcomes of living close to natural areas [76–83]
and being able to undertake physical activity in nature [84–88] include reduced levels
of morbidity [89] by reducing cardiovascular disease [90]. Patients with views of trees
and greenery out their windows heal faster and need less medication [57], indicating the
restorative influence of gardens in many different urban contexts [91–99]. Furthermore,
green space provides cleaner air and mitigates heat, hence creating a healthier atmosphere
in the city [100–103].

2.2. Research Objective and Question

The objective of this research is to explore whether taking a nature-driven approach to
planning and design for climate adaptation brings benefits for liveability, productivity and
ecology on the Zernike campus. The research question is: how can a nature-driven campus
be designed that offers positive impacts in the face of the threat of future changes caused
by climate change?

3. Methodology

The applied methodology is design-led [27–29]. The design results are continuously
valued in a research-through-design process [104–110]. By applying ‘designerly’ explo-
rations [111,112], out-of-the-box thinking and creativity are enhanced. This overarching
methodological view is elaborated in detail in specific methods in every stage of the
research process (Figure 5). In practice, these methods are intertwined:
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1. The analysis of current impacts and threats resulting from climate change is under-
taken through a literature review of the most recent academic results in the Nether-
lands, such as the climate scenario [113], the national delta-program [114], recent
insights into accelerated sea level rise [9], and the novel risk of droughts [115].

2. During the second stage of the research, a comparative analysis [116,117] is under-
taken into three specific viewpoints, defining the way to guide climate adaptation.

3. After the preferred viewpoint is chosen, the core question of how to design a campus
that could be self-reliant is investigated. Through literature review of the concepts of
self-reliant areas [118–121] and self-sufficiency [122–124], the programmatic contours
for the design are formulated.

4. The program of demand for the growth of food, its spatial implications, and the
required amounts and spaces for water are quantitatively analysed [125–127].

5. Once the quantitative consequences of a self-reliant campus become clear, the quest
for a holistic design intervention, responding to this long-term view [25], is explored
via futuring [128,129] and spatial visioning [130,131]. A design that responds to
uncertainties regarding the future and leapfrogs current policy constraint backtrack-
ing [132], oriented towards creating a (spatial) tipping point [133], is applied to change
path-dependency. Understanding the theory of complexity [19,134] and its processes
of self-organisation and emergence [135] in an urban design context is essential. In or-
der to include these concepts, a co-creative working method is chosen, through which
collaborative design work can take place in a design charrette [136–139] approach.

6. The final stage of the research takes the integrated spatial view as the starting point
for thematic spatial explorations of food-, eco- and waterscapes. The creative process
is here mingled with analytical interactions, typical for a research by design method.
The spatial propositions are permanently assessed, and new design questions are
raised, which in turn lead to adjusted design explorations. In a cyclic process, the
designs are tested and modified until satisfied. In the Moeder Zernike project, the
thematic aspects are separated from each other using a layered mapping method [140],
making it possible to quantitatively and qualitatively investigate the consequences of
spatial choices.

Figure 5. Methodology.
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4. Results

4.1. Ways to Respond

The main objective is to take nature as the basis for the urban transformation. In this
sense, the city is seen as being part of nature. This could be a bold statement; however,
the city of Rotterdam recently presented itself as a wilderness park because its urban
wildlife is so abundant [141]. Being part of nature enhances the health not only of the
urban wilderness, but also of its human inhabitants when living close to green areas [142].
Developing urban areas need to achieve balance in the exchange of materials, resources,
and the potential to allow co-existential living systems, urban and natural, to emerge
and evolve by creating regenerative cities [143–146]. However, cities, having extracted
natural resources at a large scale ever since the industrial revolution, should become
reciprocal [147]. Three gradations of responsiveness are distinguished (Figure 6): searching
for human-centred contrast, establishing nature-driven contact, and striving for nature-
driven contract [148].

 

Figure 6. Relationships of nature and the city [148].

When a perspective of the city is taken where urban life is seen in contrast with nature,
the wilderness is the opposite of human life. This human-centered view aims to enhance
human ability, overcome human limitations, and human preferences and concerns are
explicitly considered in the design [149,150]. In such a human-centered view, nature has
instrumental value [151], and according to Aristotle, “nature has made all things specifically
for the sake of man” (cited in [152]). The human-centered approach considers basic human
needs, motivations, and meaningful experiences in relation to green areas [153].

Nature-based solutions bring nature and the city into contact to improve urban sus-
tainability [154]. ‘Nature-based solutions aim to help societies address a variety of environ-
mental, social and economic challenges in sustainable ways. Nature-based solutions use the
features and complex system processes of nature in order to achieve desired outcomes that
ideally are resilient to change’ [155]. They are ‘solutions that are inspired and supported
by nature, which are cost-effective, simultaneously provide environmental, social and
economic benefits and help build resilience. Such solutions bring more, and more diverse,
nature and natural processes into cities, landscapes and seascapes, through locally adapted,
resource-efficient and systemic interventions’ [155]. Hence, nature-based solutions are
seen as deliberate interventions seeking to use the properties of nature to address societal
challenges.

In contrast with the human-centered view on nature, a biocentric perspective considers
humans as members of an interconnected ‘web of life’ [156,157]; nature and the city have
a moral ‘contract’, with people seen as an integral part of nature, rather than its master
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or steward [151]. Current practice often starts with an economically driven program,
after which green spaces are fitted in. A nature-driven approach [142,158,159] takes the
ecological system as the foundation for the design within which other (urban) functions
are embedded. The resilience and self-organising power of ecosystems safeguard their
own existence, in which humans but also non-human organisms survive in the context of
uncertain climatic conditions.

Choosing for a nature-driven future places humans within the wider natural system
and allows the system to be guided by its own resilience and synergies. It opens the
pathway towards an autonomously operating symbiosis of nature and man, but it also
implies that all resources should and need to be supplied, used, and treated within those
same boundaries.

4.2. Self-Reliance

A self-reliant area, in this case the Zernike campus, should therefore be able to function
without substantial support from outside the system, e.g., the city, neighbourhood, or
broader area. This means that all that is generated and wasted should stay and be used
within the system boundaries. On top of this, the area, as part of its natural environment,
needs to stay within its own ‘planetary boundaries’ [10], downscaled from the global
level to the area of observation. The goal to design a nature-driven campus implies
that natural systems determine the productivity on campus. In addition to preventing
decreasing biodiversity [29], a nature-driven campus grows its own food, provides a
cooling environment, generates sufficient renewable energy, and the water system, with its
in- and outgoing flows, is bound to the area’s boundaries. The key question is whether a
nature-driven, self-reliant campus, in the context of climate change, can grow sufficient
healthy food for its consumers (students, staff, visitors and residents) and if enough space
and water is available. Moeder Zernike transforms from a parasite, fetching its resource
lifelines from outside, to an amoeba (Figure 7), self-sufficiently generating resources from
within.

Figure 7. The Zernike amoeba, regenerating its material flows.

4.3. Quantifying Potentials
4.3.1. Food

Firstly, the amount of food required to provide the new diet [160], based on a per per-
son estimation of food categories (Figure 8) applied to all consumers on campus (30,000 stu-
dents and staff and an additional 10,000 of new residents), is calculated. These amounts
are combined with the number of meals the different groups, students, staff, and residents,
consume on campus, taking into account holiday periods. The total amount of food needed
is almost 5.5 million kg per year.
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Figure 8. Amounts of food for a healthy diet, recalculated for the Dutch context. Based on [160].

4.3.2. Space

The area needed for growing all crops (Figure 9) adds up to an area of approximately
0.1 km2 (or 100,000 m2). Assuming the largest portion of these crops will grow inside,
on rooftops, or clinging to the facades of campus buildings, using novel multiple harvest
technologies, such as aqua- and aeroponics, the useable spaces of current buildings is
calculated (Figure 10). Potentially 140,000 m2 of rooftop area and 90,000 m2 indoors is
available. Additionally, inside existing buildings, almost 10,000 homes can be realised. The
total area for growing food on Zernike is 230,000 m2, more than twice the required space.

Figure 9. Area needed to produce food in m2.
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Figure 10. Area available for food production in and on buildings.

4.3.3. Water

The total amount of water needed to grow all crops is almost 3.5 billion litres/year,
equalling nearly 1400 Olympic swimming pools. On top of this, nearly 400 Olympic
swimming pools (approx. 1 billion litres) of drinking water are required for daily use,
totalling 1800 pools/year. Analysis of the expected amounts of precipitation on Zernike
(Table 1) shows that, according the driest climate scenario, a little more than 2500 Olympic
pools are available. Around 50% of this water evaporates [161], hence only 1250 will remain
for usage. This implies that on a yearly basis, there is a shortage of 550 pools (1.4 billion
litres) of water. Especially in the context of increasing droughts in the Netherlands [115],
current rainfall will not suffice to grow all the crops on Zernike, and water from outside the
campus is needed. In order to avoid extracting water from other users in neighbourhoods
across the city, only one option remains: retrieve water from the sea.
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Table 1. Calculation of rainwater amounts for the Zernike campus.

Current Climate
(1981–2010)

2085 Wl Scenario
Based on 2019
Weather (+3.5
Degrees/No
Changes in
Currents)

2085 Wl Scenario
Based on 2019
Weather (+3.5
Degrees/No
Changes in
Currents)

2085 Wh Scenario
Based on Climate

Data (+3.5 Degrees,
+Changes in

Currents)

2085 Wh Scenario
Based on 2019
Weather (+3.5

Degrees, +Changes
in Currents)

Month
Rain (In
Olympic

Pools)
Cumulative

Jan 710 710 580 807.2 660.3 660,3 937 937 768 768
Feb 400 1110 210 1269.7 247.8 908.1 550 1487 303 1071
Mar 390 1500 880 1732.8 1016.8 1924.9 571 2058 1208 2279
Apr −130 1370 −280 1635.5 −269.8 1655.1 −134 1924 −302 1977
May −240 1130 −560 1436 −567.5 1087.6 −251.8 1672.2 −610.2 13,668
Jun −110 1020 −200 1389.6 −149.9 937.7 −105.4 1566.8 −206.2 1160.6
Jul −140 880 −750 1123.6 −845.5 92.2 −468.8 1098 −938.5 222.1

Aug 10 890 −140 1022.5 −243.6 −151.4 −292.5 805.5 −408 −185.9
Sep 340 1230 1020 1275.5 899 747.6 71.8 877.3 595.4 409.5
Oct 550 1780 820 1862.6 874.65 1622.25 621.4 1498.7 923.8 1333.3
Nov 740 2520 550 2651.25 586.3 2208.55 831 2329.7 618.2 1951.5
Dec 760 3280 520 3460.9 554.05 2762.6 852.2 3181.9 583.4 2534.9

3280 3460.9 2762.6 3181.9 2534.9

4.4. Holistic Intervention

The crucial factor in the design for Moeder Zernike therefore is the supply of enough
water to feed agriculture on campus. Out of the co-creative design process and analyses,
one impactful proposition emerged, to establish a lifeline between campus and the infinite
water source of the Wadden Sea. This is a large-scale long-term intervention benefitting a
multitude of aspects: ecology, safety, food, and water. By establishing this tipping point,
Moeder Zernike is suddenly placed in a new ecological context, where fresh water and
saline influences collide. The saline influence also induces a spatial novelty in the form of
an inversed wierde (a cultural relic found everywhere in the northern landscape), creating
a freshwater reservoir (Figure 11).

Figure 11. Moeder Zernike embraces fresh and saltwater, creating an inversed wierde for freshwater
storage.

As saltwater flows around the freshwater reservoir (Figure 12), it brings nutrients and
sediment, leaving behind fertile soils, enriching agricultural potential and providing the
dynamic environment for a steep increase in biodiversity.
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Figure 12. Cross-section, showing the different environments and water features.

The inversed wierde protects Moeder Zernike against outside influences, while a
sandy membrane simultaneously filters saline water for use on campus. This provides
the urgently needed water for growing food. Spatially, a coherent inner world emerges,
in which the experimental life within Moeder Zernike takes place, while outwardly, the
campus presents itself as a spatial entity within the surrounding landscape (Figure 13).

 
Figure 13. Moeder Zernike as a freshwater reservoir in a saline landscape.

4.5. Design of Scapes

The fundamental choice of bringing water from the sea inland to provide the condi-
tions to become self-reliant impacts ecology, food-, and waterscapes.
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4.5.1. Foodscape

A rich diversity of growing conditions emerges (Figure 14), producing everything for
the consumption of the new diet. Apart from the food production in existing buildings,
the campus will contain fishing grounds in open water with salmon, eel, and sturgeon,
have saline aquafarms at the campus edges for prawns and lobster, free-ranging cattle
wandering the slopes of the wierde, while inside orchards nuts will be grown. In the
terraced landscape, water is used multiple times, trickling down through fruit and berry
plantations and rice paddies. Freshwater fish, carp and tilapia, live in the water reservoir,
whilst the southern mound is home to caves for chicory and fungi, mushrooms and insects.
On top of these, a publicly accessible picking garden is foreseen so urban residents can
freely gather their lunch and dinner ingredients.

 

Figure 14. Foodscape of Zernike.

4.5.2. Waterscape

By connecting the campus with the sea, saline, brackish, and fresh water are all part
of the waterscape (Figure 15). The protective sand edge purifies the saline water before it
enters campus, at the same time protecting Moeder Zernike against the spring tide. All
wastewater from buildings is filtered and cleaned in a helophyte system, making it usable
for growing crops. During periods of heavy rainfall, the central lake fills up, is home to
fish, provides the water for indoor crop growth, and cools the environment on hot days.
The pond also functions as a heat exchanger, generating energy. Slowly growing peat is
supplied with pre-purified household water from urban neighborhoods.
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Figure 15. Waterscape of Zernike.

4.5.3. Ecoscape

Ecological qualities are enhanced, bringing brackish and saline waters together with
freshwater conditions, kindling new gradients. A diverse range of ecotypes emerge
(Figure 16), such as new islands and wetlands, occasionally flooding, while other parts
permanently rise above the water level. The reed-lands of the helophytes are home to
insects, small fish, and reptiles, in turn attracting all kinds of birds. An abundant range of
species inhabit the inner side of the ridge. Built structures will offer a unique rock-biotope
for specific plants, butterflies, bees, and nesting places for birds and bats. Finally, peatlands
offer a habitat to water birds, insects, and a range of reed plants.

Figure 16. Ecoscape of Moeder Zernike.
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5. Discussion

The research presented in this article illuminates tensions between three forms of
future planning. First, current short-term practices often plan for the known knowns, and
decide on that basis, even if there is a chance of making bad decisions. The second way of
acting, dubbed adaptive management, delays decisions until more knowledge or data are
available. The third way proposes developing a long-term view then working towards that
view with the understanding that the future is full of unknown unknowns. In this case, it
is well-understood that the unknown unknowns are difficult to comprehend, especially
regarding long-term or deep uncertainties, and imagining a far future could then guide the
way forward.

In this article, a pledge is made for using imagination to plan for a desired future, as
opposed to potentially making the wrong decision or postponing decisions until we know
more. Therefore, the Zernike plan takes on the largest quests of our time—biodiversity,
food supply and climate impacts—and unites them around an imagined long-term future,
on the basis of which implications for current decisions can be derived. This not only
gives direction—it also brings coherence and inspiration, and offers comprehensive spatial
thinking for the campus grounds.

The question, however, is how policy making and political decision making may be
diverted from the current practice of responsiveness, short-term orientation or the ever-
apparent quest for more knowledge, data, and research. Indeed, more information is not
always needed; instead, larger insights must emerge so that decision making can be based
on wisdom rather than rationality.

Moreover, the process of creating an inspirational design is, in a way, magical, and
can be used more profoundly. The magic happens when out of a set of problems and
questions, at a certain moment, a vision comes forward, resulting from irreducible co-
creative ways of drawing, building, talking, and exchanging ideas. This approach, in
which interaction delivers tangible results, is often underestimated in planning processes.
In practice, seemingly estimated policy boundaries limit approaches that explore the
unexplored. Often, these are seen to undermine the current culture, put the intangible
hidden agreements out in the open, or overhaul just adopted plans and policies. The fear
of discovering something new, which is essential for an unknown future, is paralyzing the
involved bureaucrats, planners, and policymakers. This rusty cultural constraint prohibits
free and novel ideas from emerging. This could be dangerous, as continuing on a familiar
pathway will hardly ever offer solutions for the unknowns. Three typical options remain:

1. Breaking the barriers in a way that is acceptable, by means of inspiration, future
thinking, and offering a pleasant and plausible future that differs from the known
world.

2. Experimenting on and developing small novelties in a controlled context that guide
the way to what could be possible in the future.

3. Waiting for something to go terribly wrong, causing a tipping point for changing
course. A disaster could overcome the fear of change, as it becomes clear to everyone
existing approaches have caused the devastation.

Naturally, it is preferable to anticipate such disastrous events before they happen and
be quick enough to change course before the worst occurs.

6. Conclusions

The Moeder Zernike research has illustrated how a nature-driven approach can be
applied for designing a future oriented plan. By doing so, the plan is able to incorporate
nature as the driving force and allows the emergence of a self-reliant and biodiverse urban
precinct.

The distinction between human-centred, nature-based, and nature-driven may sound
artificial, but it brings crucial questions to the debate. Do we, as humans, design for our
own sake, to get better lives for ourselves, as the human species? Or do we offer nature-
based solutions, that adjust urban environments so there is also place and space for natural
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processes? Does this, looking through human spectacles at nature, suffice for our survival
in increasing constraining futures? Or do we need to start with nature and let nature drive
the human behaviour of urban dwellers? This poses the question as to where humans fit in
the natural environment surrounding them.

The plan for Moeder Zernike has shown that a plan that is driven by nature starts
with understanding the landscape and its ecological, systemic features and characteristics.
Starting the design process by firstly looking at the landscape guarantees a development
of cities and urban contexts that are embedded in and embraced by nature. This offers
humans the best proposition for sustainably surviving on the planet.
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Abstract: Cities are essential players in responding to the present complex environmental and
social challenges, such as climate change. The nature-based solution (NbS) concept is identified
in the scientific discourse and further recognized by the European Commission as a part of the
solution to address such challenges. Deploying NbS in urban contexts requires the cooperation of
different public and private stakeholders to manage those processes. In this paper, the experiences
of establishing and managing NbS-related processes following a co-creation approach in the city of
Hamburg within the framework of an EU-funded research project (CLEVER Cities) are described
and analyzed. The paper identifies and discusses the main emerging factors and challenges from (1)
a procedural and methodological perspective and (2) concerning the different roles of the diverse
stakeholders involved. This discussion is grounded in the context of existing regulations and novel
concepts for citizens’ participation in urban decision-making processes. As research results, the
article defines the leading players involved in the process and their roles and interrelationships, along
with recommendations for future policy agendas in cities when dealing with NbS planning.

Keywords: stakeholder participation; nature-based solutions; multi-level governance; co-creation;
urban living lab; sustainable urban development; urban planning

1. Introduction

Climate change poses cities complex environmental and social challenges. After
an era of mainly favoring economic growth to the detriment of natural capital, the dual
objective of addressing both elements entered European cities’ political agendas [1] (p. 121).
The inherent complexity of dealing with environmental and social demands requires a
paradigm shift in policy-making [2].

In the 2010s, the concept of nature-based solutions (NbS) emerged in the political
agendas of cities that are committed to becoming more “resilient, invest into green in-
frastructure and integrate nature-based solutions to improve microclimate, limit urban
heat island phenomenon and improve air quality” [3] (p. 93). Given the fact that NbS
are “designed to address various societal challenges in a resource-efficient and adaptable
manner and to provide simultaneously economic, social and environmental benefits” [1]
(p. 121), it appears that the simultaneity of addressing challenges related to the three
pillars of sustainability is one of the main objectives that can be reached through NbS.
Furthermore, Frantzeskaki et al. [4] argue that NbS can be potent tools to mitigate the
effects of extreme weather events and provide additional adaptation strategies for urban
settlements. The European Commission has also largely adopted the NbS concept [5], such
as in the Horizon 2020 Funding Programme [6]. IUCN [7] has recently published criteria for
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verification, design, and scaling up of NbS to support national governments, local govern-
ments, planners, businesses, or organizations. Among the IUCN-defined criteria, the fifth
states that, NbS should be based on inclusive, transparent, and empowering governance
processes [7] (p. 14). This implies using the existing regulatory framework concerning
participatory processes and eventually stimulating the finding of novel tools towards con-
ducting a transparent and open process of co-creation. In this context, co-creation means
allowing stakeholders to collaborate in the process of solution design, implementation, and
monitoring [3,8]. In this sense, the co-creation of NbS is understood as a combination of
various expertise from different scientific fields and the local knowledge of civil society
representatives [9].

Kemp and Loorbach [10] argue that working towards sustainable development
requires simultaneous communication between different governance levels. As also
Frantzeskaki et al. [11] (p. 23) state, it is necessary to involve a wide range of stakeholders
in decision-making processes at every level to create collective action for a more sustainable
approach to shaping cities. Hence, decision-making processes within the field of sustainable
development occur by participative momenta of exchange among composite governmental
and non-governmental stakeholder constellations. This is reflected in the need to establish
an everyday discourse based on the broad participation that includes both practitioners
and laypersons. In this context, cities’ governance structures may contain elements that
can hinder or encourage participation depending on their hierarchies/political structures
and processes, and they might require modifications.

This article was developed in the framework of the European-funded H2020 project
CLEVER Cities, which deploys NbS to address urban challenges and social inclusion in
cities [12]. CLEVER Cities’ activities focus on the impacts of NbS on social cohesion, citizen
security, environmental justice, and human health. Accordingly, the development of NbS
happens through the active participation of local stakeholders following a co-creation logic
called the Co-Creation Pathway [3]. This pathway is described in more detail in Section 2.
The idea behind the Co-Creation Pathway is the broader concept of Urban Living Labs
(ULL), which are conceived here as forums of innovation where resources and agencies are
moving towards governed sustainable development [13] with the long-term objective of
achieving resilient and climate-responsive cities [3].

By discussing how the co-creation process of NbS—including planning, design, and
implementation phases—happened for the case study of Hamburg, the paper aims to
answer the following question: which stakeholders should be involved in the co-creative
process of the planning and design of NbS and which roles do they play in the different
phases? The article explores which types of stakeholders contributed to the definition of
the NbS and discusses their roles in the three Urban Living Labs (ULL) that were part of the
CLEVER Cities project. Insights are provided into the tools and methods that supported
the co-creation process’s goals and facilitated stakeholders’ inclusion. As an outcome, the
article defines recommendations for future policy agendas in cities when dealing with NbS.

2. Materials and Methods

This section illustrates the methodology delineated for answering the research ques-
tion and a brief introduction to the CLEVER Cities project area.

2.1. Methodology

The Co-Creation Pathway elaborated within the CLEVER Cities project by
Morello et al. [14] describes a five-phase concept of co-creation to be applied in the de-
velopment of NbS—namely, (i) urban innovation partnership (UIP) establishment, (ii) co-
design, (iii) co-implementation, (iv) co-monitoring, and (v) co-development. Within the
local project area, stakeholders are engaged to form partnerships (i) to go through the
entire process from (ii) to (v). The first phase considers the establishment of a UIP. Morello
et al. [14] (p. 90) describe the UIP as a “city-wide or district-focused informal alliance”
between various local authorities and community groups, businesses, and academics to
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promote NbS to foster urban regeneration. Ideally, this alliance formation follows the
quadruple helix concept [15], which denotes the neo-institutional networks between the
government, business sector, academia, and civil society that have the task of steering and
facilitating the co-creation process in the project area.

During the co-design phase (ii), the UIP members organize workshops to jointly design
nature-based interventions that help to solve local, social, environmental, and economic
challenges. To guide the co-design process effectively, the methodological approach Theory
of Change (ToC) [16] represents the primary reference for the definition of the NbS. The
method consists of a systematic process that brings the attendees to address local challenges
through the conception of a long-term vision. It is then necessary to work backward by
setting out the overall, intermediate, and short-term outcomes and outputs to achieve the
defined vision [17] (p. 12; adapted from [16]).

The second phase’s solutions are operationalized in the third phase (co-implementation
phase) by involving and working closely with citizens and other relevant stakeholders.
The fourth phase of the pathway comprises the co-monitoring process, in which the in-
terventions’ impact, durability, and quality are evaluated. The involvement of citizens is
expected in all four phases.

The final phase, co-development, describes the UIP members’ and citizens’ joint
efforts to maintain the interventions and eventually replicate them in other parts of the city
(upscaling). The presented Co-Creation Pathway results in introducing shared governance
arrangements [18] that facilitate and guide the transition process with multi-level [19,20]
and multi-stakeholders approaches [21].

At the time this paper was written (November 2020), the CLEVER Cities project is
between phase two (ii), co-design, and phase three (iii), co-implementation. Hence, only the
first two phases (namely, UIP establishment and co-design) are discussed here, including
the descriptions of tools, methods, and procedures. Additionally, stakeholders’ participa-
tion in NbS planning, design, and implementation is analyzed for the Hamburg case study’s
practical example. Therefore, a stakeholder analysis was conducted to depict the stakehold-
ers’ constellation and their characteristics in the NbS planning process—namely, providing
resources and goals and taking on decision-making power and roles. The analysis was per-
formed based on stakeholder categorization adapted from Dente [22]. Furthermore, their
relations were investigated and represented on a power-interest matrix [23]. The complete
analysis can be seen in Konjaria-Christian et al. [24]. The analysis provided insights into
how stakeholders were interrelated in the context of the co-creative design of NbS projects
and allowed identifying elements of success and failure in stakeholder participation. Based
on these experiences, the paper identifies and discusses the main positive factors and
challenges from (1) a procedural and methodological point of view and (2) concerning
stakeholders’ experiences. This discussion is grounded in the context of existing regulations
and novel concepts for citizens’ participation in urban decision-making processes.

2.2. General Description of the Project Area

The Free Hanseatic City of Hamburg (FHH) is one of the three city-states in the
Federal Republic of Germany, with almost 1.9 million people, and has recently experienced
rapid population growth [25]. The pilot area of CLEVER Cities in Hamburg is located
in the district council of Hamburg–Harburg in the urban district of Neugraben–Fischbek
(NF), located in the south-west of Hamburg, close to the border to the Federal State of
Lower Saxony. It is the largest urban district among the 17 urban districts of Harburg in
terms of surface and inhabitants [26]. The project area stretches from the center of the
neighborhood of Neugraben to the new development area of Vogelkamp in the east and
from the Fischbek–Falkenberg district school and old village structure to the Sandbek
residential area in the west. The project area includes both existing settlements and new
development areas. Additionally, the project area is surrounded by two nature reserves:
Fischbeker Heide and Fischbeker Moor (Figure 1).
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Figure 1. The CLEVER Cities project area in Hamburg. * Project area boundaries as defined in the CLEVER Cities Grant
Agreement. ** Other spot-like interventions that are part of the CLEVER Cities Hamburg strategy but are not mentioned in
this paper. *** Location of the project area [27]. (Own elaboration).

The project area is connected to the city center and the federal transport infrastructure
through two local and federal train stations. Social housing developments are mainly located
in the western part of the project area. At the time of the CLEVER activities (November 2020),
three new large construction developments were under construction at the existing built area’s
fringe. Due to these new developments, the population is expected to increase in the district
by about 40% [28]. According to the Social Monitoring Plan of 2019 [29], NF is considered to
have a low or very low value in terms of social conditions and is therefore eligible for receiving
special Hamburg funding for its requalification and further development (Integrated City
Development Programme—RISE). Concerning the social structure, it is essential to mention that
the refugees’ accommodation facility, located in the neighborhood of Vogelkamp–Neugraben,
has been included in the CLEVER Cities project activities (point 4 in Figure 1).

Notably, NF presents a distinct social and economic situation by hosting a varied so-
cial and spatial mix. In this context, CLEVER Cities decided to implement a range of NbS
initiatives as an experimental pilot to explore the social co-benefits and environmental and
economic improvements generated by the implementation of NbS. The simultaneous and
reciprocal strengthening of the local community and natural resources constitutes an opportu-
nity to address four urban regeneration challenges: human health and well-being, sustainable
economic prosperity, social cohesion and environmental justice, and citizen security.

As Hamburg is a city-state, it is crucial to define the three governance levels involved
in the process that will appear in the text. The term “federal level” refers to Hamburg as a
federal city-state; with the term “district level,” the Harburg district is meant; lastly, the
term “local level” implies the urban district of NF.

3. Results

According to the framework illustrated in Section 2, the project team was set up in
Hamburg before starting the co-creation process. The project team includes the District
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Office of Hamburg-Harburg (DHH), three governmental institutions of the state Hamburg
(Senate Chancellery; the Ministry of Environment, Energy, Climate, and Agriculture—
BUKEA; and the State Agency for Geoinformation and Surveying—LGV), the urban
development agency (steg), and three scientific partners (HafenCity University—HCU;
Hamburg University of Technology—TUHH; and Hamburg Institute of International
Economics—HWWI). An overview is provided in Table 1.

Table 1. Project team members’ categorization (Own elaboration).

Institution Name Level Type Resources 1

DHH District Public Political, economic, legal
Senate Chancellery Federal Public Political, legal
BUKEA Federal Public Political, legal, cognitive
LGV Federal Public Cognitive
steg local Private Political, cognitive, relational
HCU Federal University Cognitive, relational
TUHH Federal University Cognitive, relational
HWWI Federal Research Cognitive

1 Type of resources according to Dente [22].

The District Office of Hamburg-Harburg (DHH) is the institution responsible for
coordinating all project partners and processes and implementing the local interventions.
The tasks of the DHH include coordination of the Hamburg interventions and evaluation
and further concretization of the project ideas together with partners and UIPs. Moreover,
DHH is responsible for planning processes, contracting third parties to commission project
implementation, and keeping a constant dialogue between the parties involved to ensure
innovation and co-creation in the design process. The DHH acts as an intermediary
for Hamburg interventions both within the district office’s administrative departments
and for the project’s local, district, federal, and international partners. Most importantly,
the DHH is the primary contact concerning issues around the CLEVER Cities project in
Hamburg. Presenting and raising awareness on the project at different scales (within the
administration and civil society) is one of the DHH work’s cornerstones.

The other three governmental institutions represent the federal level of the city-state of
Hamburg. Senate Chancellery is the leading international contact point and the coordinator
for the entire CLEVER Cities project and is in charge of communicating at the state level.
BUKEA is the ministry at Hamburg-level in charge of policies regarding the environment,
energy, and climate. Within the CLEVER Cities project, BUKEA is engaged in developing
and upscale the environmental strategy learnt from the CLEVER Cities experience at the
federal level. LGV holds the georeferenced database and the cadastre land register for
the Federal State of Hamburg and provides technical measurements. In the CLEVER
Cities project, LGV has the task of developing, implementing, and integrating the urban
data platform with new information gathered during the project’s lifetime. Though not
physically involved with the interventions at the local level, they contribute substantially
with their specific expertise on particular aspects of the NbS interventions, and they
represent the direct link to the federal level.

The local development agency, steg, runs an on-site district office in the project area
to improve visibility through various activities promoted at the local level in recent years.
The local presence of steg is of significant importance, especially regarding co-creation
processes and citizen participation for the various project activities.

Lastly, the three research institutions involved support the local activities with their
scientific competencies in urban planning, policies, and landscape architecture (HCU),
environmental technology, energy, and water management (TUHH), and socio-economic
studies (HWWI).

3.1. Initiating the Co-Creation Process

In 2018, to inaugurate the CLEVER Cities project’s activities and ensure visibility
among local stakeholders, a large-scale kick-off event was organized by DHH, BUKEA, and
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steg. The event’s main intention was to raise awareness about the project’s objectives and
provide a factual basis for further co-creation steps. The event brought together around
130 people, including citizens and representatives from private and public sectors. An
innovative tool for digital participation (DIPAS) has facilitated the process of gathering
valuable insights and ideas from the participants, which laid the groundwork for specifying
particular interventions within three main Urban Living Labs (ULL) (Figure 2a). The
content of each ULL will be briefly presented in Section 3.2.

 

Figure 2. (a) Digital participation system (DIPAS) used in the kick-off meeting (DHH, 2018); (b) carpet
with the orthophoto of Neugraben–Fischbek (NF) in the kick-off meeting (DHH, 2018); (c) graphic
recording during the kick-off meeting (DHH, 2018); (d) model of the garden in the school Fischbek–
Falkenberg built with pupils and teachers (steg, 2019); (e) high bed realized by refugees (steg, 2019);
(f) planting action in the Sandbek settlement (steg, 2019).

The DIPAS tool has been used not only during the event day: it was also available
online a few weeks after, allowing for further contributions from the local population to the
co-creative process. Additionally, a huge carpet representing the Neugraben-Fischbek urban
district’s orthophoto was used as a basis for further discussion and commenting during the
inaugural event (Figure 2b) and other events (district festival Neugraben). Another addition
to the event was the graphic recording of the event and its results (Figure 2c).

After the kick-off event, the work in each ULL started with defining the local UIPs.
The definition of the local UIP is denoted as phase 1 (i) in the Co-Creation Pathway of
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Morello et al. [30]. Depending on the intervention types, the UIPs were organized into
various formats, such as jours fixes, workshops, and multilateral or bilateral strategic
planning meetings. UIP meetings have been carried out in face-to-face format, and online
meetings due to Covid-19 restrictions and dynamically adapted depending on the specific
steps and goals of each ULL. Generally, the DHH initiates the UIP formation process and
accompanies it throughout its development, supported by the other project team members.

During the initiation phase of the local UIPs, the project team applied the Theory
of Change (ToC) method. The ToC meeting brought together the main interested local
stakeholders in defining visions and incremental outcomes needed to achieve the visions
set for each ULL under the moderation of the project team.

In September 2019, the project team organized its first annual UIP event, which reg-
istered around 140 participants. The meeting took place simultaneously at three different
locations throughout the project area, strategically selected to implement NbS using a hands-
on approach. As an example of the activities conducted, pupils were involved in building a
physical model of their ideal school garden (see Figure 2d); in another location, young and
old representatives were brought together for a planting action project (Figure 2f).

Additionally, the co-creation process within CLEVER Cities was not limited to the
activities conducted in the three ULL. The project team brought the CLEVER Cities project’s
experience to other external activities and events, aiming at broader participation. Of par-
ticular importance, during the urban district festival “Neugraben Erleben,” the “Sensafety-
App” was presented by LGV [31]. It is a mobile application that allows users to evaluate
specific locations in the project area based on their subjective impressions and perceptions
of safety. The citizens’ participation via the “Sensafety-App” defines one of the integral
elements in the co-monitoring phase (iv).

3.2. Co-Creation Processes in Hamburg

The following paragraphs describe the implemented projects in Hamburg for each
of the three ULL, with a particular focus on the co-creation process, which included the
previously mentioned co-creation phases “UIP establishment*”’ (i) and “co-design”(ii) with
their respective stakeholders, procedures, and tools. Three different focus topics have been
defined for the project area: (1) a green corridor (ULL 1), (2) green roofs and façade, and
rainwater management (ULL 2), and (3) green schoolyards (ULL 3).

Funding opportunities from the Horizon 2020 Program are covering interventions and
activities within the project timeframe, demanding for taking decisions towards enabling
mechanisms of ownership building for future maintenance for both technical solutions,
such as aquaponics (Section 3.2.2) and social solutions, such as the high beds constructed to-
gether with refugees (Section 3.2.1). Notably, because of the COVID-19 situation, alternative
participation tools had to be considered to continue the co-creation processes.

3.2.1. Focus—“CLEVER Corridor” (ULL 1)

The “CLEVER Corridor” aims to establish a connection among several NbS interven-
tions spatially spread across the CLEVER Cities project area (Figure 1). The interventions
have a broad objective of connecting the two surrounding nature conservation areas with
a potential bridging function. The connection effort was translated into a set of small
interventions developed organically under the corridor’s frame. A guiding system that
will be co-created with diverse stakeholders and inclusive formats, such as workshops,
will function as a recognizable sign for the corridor. Private and public entities and indi-
vidual citizens were strongly involved. The CLEVER Corridor will reciprocally link all
these diverse spot-like interventions and will emphasize and highlight the existing path
connections between the two nature conservation areas. This ULL consists of two levels:
the individual spot-like interventions and the guiding system that creates the umbrella
for all projects. Therefore, co-creation in this ULL is organized in multiple UIPs estab-
lished in phase 1 (i) of the co-creation process. The UIPs within the focus topic “CLEVER
Corridor” are practicing and representing diverse forms of collaboration between local
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stakeholders, private entities, the public administration, and universities and signal the
active participation of different social and age groups in many actions along the corridor.
Another intervention within the corridor’s scope is the “nature experience place” project
coordinated by the public management office department of DHH and facilitated by a
landscaping architecture company. In this case, face-to-face participation during the co-
design phase (ii) was complemented by online participation due to COVID-19 prevention
regulations. For this purpose, the project team used the DIPAS tool supported by LGV and
local NGOs, where citizens for three weeks had the opportunity to directly participate in
the planning by choosing their favorite options of natural elements.

In the context of the “CLEVER Corridor” ULL, it is worth mentioning that the project
also realized a collaboration with the refugee accommodation facility close to the new de-
velopment area Vogelkamp–Neugraben (Figure 1). With the facilitation of steg and the help
of translators, in the co-design phase (ii), ideas for designing mobile elements for the com-
mon exterior area of the accommodation were collected from the refugees via workshops.
Successively, under the guidance of steg and the facilitation of the manager of the refugees’
accommodation, refugees were involved in the co-designing (ii) of multi-purpose islands with
seats and planting areas constructed out of timber and destined as places for gathering and
entertainment. Additionally, this participatory process involved refugees in the third phase of
co-implementation (iii) (construction and planting) of the high beds to transform the area into
a place that “invites them to stay” (Figure 2e). A local NGO and a carpenter were supporting
the construction works. Figure 3 shows the stakeholders’ constellation in ULL 1.

 

Figure 3. Representation of the stakeholders’ constellation for Urban Living Lab (ULL) 1. Roles were adapted from Dente [22]
(see Supplementary Material A for definitions). Roles of citizens refer to the degrees of participation according to Morello and
Mahmoud [32] based on Arnstein [33]. This graph has to be understood as a simplified representation of a more comprehensive
and complex stakeholder constellation. The stakeholders represented here are the project team members and the main
stakeholders involved in the local urban innovation partnerships (UIPs). The constellation represented here is the one that
can activate and bring on board other stakeholders for achieving the vision defined in the Theory of Change (ToC) process.

3.2.2. Focus—“Green Roof and Façade, and Rainwater Management” (ULL 2)

The focus of ULL 2 consists of two main pillars: (a) implementation of green roofs
and façades, and (b) rainwater management. Interventions include the greening of a
noise barrier at the train station Neugraben and installing a green façade in the Sandbek
residential area. The co-creation process covers various activities, such as the ToC workshop
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with the federal housing company’s participation and continuous monthly meetings with
project partners and Integrated City Development Programme (RISE) representatives.
Throughout the period marked by strict COVID-19 prevention regulations, informational
letters were sent to the residents via mail. However, on-site events (e.g., the planting action
of the façade) needed to be postponed to the future.

Furthermore, awareness-raising measures regarding green roofs and façades fund-
ing possibilities have been carried out. During the annual UIP event, information about
funding opportunities has been disseminated thanks to the direct involvement of BUKEA.
Furthermore, press releases were issued, and additional informational material was dis-
seminated during the urban district festival (see Section 3.1).

Building greenery is also closely related to the second pillar within ULL 2—an analysis
of the Neugraben–Fischbek area’s vulnerability against heavy rainfall events. The concept
that will be developed based on this analysis is innovative per se, as it will be applied at
the entire urban district Neugraben–Fischbek, a new scale for conducting such analysis in
Hamburg. The co-creation framework has brought together many stakeholders, from the
public sector to academic representatives. The local UIP members are meeting regularly
through online sessions wherein the progress and next steps are discussed.

Concerning the rainwater management topic, two more projects need to be mentioned.
The collaboration with the Hamburg Water management company (Hamburg Wasser) has
succeeded in a pilot project using innovative Smart Flow Control (SFC) technology [34].
The public-private collaboration project is planned to be tested on a ca. 10 sq.m green roof
to further optimize the retention capacity and application-controlled release and discharge
water into the sewer system. Another part of the ULL 2 envisions redesigning a rainwater
retention basin by building a retention soil filter. The co-creative process will see the
involvement of Hamburg Wasser and landscape architecture studios under the guidance
of steg and HCU. Figure 4 shows the stakeholders’ constellation in ULL 2.

 

Figure 4. Representation of the stakeholders’ constellation for the ULL 2. Roles were adapted from Dente [22] (see
Supplementary Material A for definitions). Roles of citizens refer to the degrees of participation according to Morello and
Mahmoud [32] based on Arnstein [33]. The stakeholders represented here are the project team members and the main
stakeholders involved in the local UIPs. The constellation represented here is the one that can activate and bring on board
other stakeholders for achieving the vision defined in the ToC process.
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3.2.3. Focus—“Green Schoolyards” (ULL 3)

The third ULL is fostering the redesign of schoolyards located in the project area. At
the beginning of the co-creation process, a workshop was held in the district school of
Fischbek–Falkenberg to gather innovative ideas from pupils, parents, and teachers. The
school staff is taking the lead in the process, which is planned to be further replicated by
at least one other school in the project area. Planned interventions include the so-called
researchers’ garden that combines the curriculum with gardening and outdoor activities
and the realization of aquaponics.

One of the participating schools (Neugrabe elementary school—point 8 in Figure 1)
introduced a specific challenge for NbS implementation into the project because the school
and its yard will be completely renovated in the coming years. New elements included in
the schoolyard will be therefore positioned only temporarily. Hence, participants of the
co-creative process were engaged to think about mobile and temporary NbS. The local
UIP is composed mainly of the schools’ administrations, the school building company,
a teacher, pupils, CLEVER project partners (steg, DHH, and HCU), and students of the
architectural faculty HCU. The solutions developed in the actual school shall be an excellent
example for other schools in the urban district to undertake NbS projects with a dedicated
focus on sustainability. Plans developed during the co-design process will be realized
together with teachers, pupils, and parents, and with the help of steg in 2021. The ULL 3
activities are supported by an increase in teaching hours linked to environmental aspects,
including sustainability topics in the school curriculum. Figure 5 shows the stakeholders’
constellation in ULL 3.

 

Figure 5. Representation of the stakeholders’ constellation for the ULL 3. Roles were adapted from Dente [22] (see
Supplementary Material A for definitions). Roles of citizens refer to the degrees of participation according to Morello and
Mahmoud [32] based on Arnstein [33]. The stakeholders represented here are the project team members and the main
stakeholders involved in the local UIPs. The constellation represented here is the one that can activate and bring on board
other stakeholders for achieving the vision defined in the ToC process.
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4. Discussion

This section identifies and discusses the main results of the co-creation experience in
the Hamburg case study and their challenges regarding stakeholders’ participation.

As explained in Section 3.2, various procedures and methods have been used to
manage the different phases of the co-creation process. Since only the first two steps (i)
and (ii) of the Co-Creation Pathway have been discussed, procedures, methods, tools,
and stakeholder experiences deployed during these phases are analyzed. The first part of
the discussion will concentrate on procedural and methodological issues in the first two
co-creation phases, and the second part will analyze the stakeholder constellation and its
implications during these phases. Lastly, recommendations are considered. Figures 3–5
represent the stakeholders and their constellation within the three ULL synthetically.

It is essential to mention that the commitment towards the EU commission and the
strict allocation of funds as an incentive to apply the process is not to underestimate and
brought the adoption of individual specifications and principles, such as the use of the
NbS concept as a strict requirement. However, the network built during the process is
expected to continue for the project’s duration and even beyond. This is also obtained by
establishing new and strengthening existing stakeholders’ networks and applying formal
and informal instruments.

4.1. Procedural and Methodological Aspects of NbS Co-Creation in the Hamburg Case-Study

Regarding the co-creation process of NbS, the systematic application of the Theory
of Change (ToC) [17] guaranteed a particular path dependency of the co-creation process,
which translated in a rigid but structured logic. As mentioned in Section 3, the application of
ToC guided the project team and the stakeholders involved from a common understanding
of the problems towards a shared definition of the objectives. Especially the inherent
common sense of the ToC approach helped to structure the process. Additionally, it favored
an easy understanding of the process itself also from the participants’ perspective. In
fact, the passage between steps is based on understanding how and why certain activities
produce effects on the local context [35] and drives towards the resolutions of eventual
challenges encountered. In Hamburg, the ToC process resulted in the visions and outcomes
that currently guide local stakeholders in their activities on site. Further, the ToC workshop
results have been fed into the co-monitoring phase (iv) of the NbS implemented in the
project area.

For the co-creation process, the local UIPs played a core role as experimental interven-
tions. They have been established for different interventions, and each case was composed
of a varying set of stakeholders. Additionally, the focus area of the corridor of ULL 1
requires many different stakeholders and combinations from ULL 2 and ULL 3. Mostly
classical formats like workshops and meetings to bring together the stakeholders were
chosen and adapted to co-creation principles. With this, it is essential to mention that
Hamburg’s stakeholders had already experienced co-creation approaches through the
RISE program. Hence, previous experiences have facilitated the implementation of the
project framework.

Concerning the co-creation formats, the participation formats deployed in the schools
(ULL 3) were suitable for catching pupils’ attention for the project activities and objec-
tives to raise their awareness for NbS specifically and sustainability issues in a broader
sense. Hence, hands-on workshops to grasp people’s attention and integrate them into the
development processes revealed their potentials in Hamburg’s case.

Nevertheless, the concept of NbS is mostly founded on capacity building and bottom-
up participation (e.g., [7] p. 14) in the conviction that only participation-based processes can
raise awareness on complex topics such as sustainable development (see [36]). Accordingly,
a shared definition of common objectives plays a relevant role in the next steps of the NbS
development process. Lastly, the ULL approach was addressed as a challenge in terms
of time and resource deployed: especially, bringing together local, district, and federal
stakeholders required specific facilitation and coordination competencies. Nonetheless, the
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organizational process has resulted in more vital and more solid networking among the
key stakeholders.

The integration of the Living Lab approach with a large event format, on the one hand,
provided updates cyclically on the project and allowed citizens to get informed on the
current initiatives and to contribute with different ideas and suggestions (as in the kick-off
event). On the other hand, organizing and steering such a process required a considerable
investment of time and human resources: activities must flow across scales in a continuous
effort of communication and decisional steps, investigating and deepening each element
and their interconnection [35]. Nevertheless, the two big events organized in Hamburg
were useful for two reasons: increasing the project’s visibility to the broader public (130
and 140 participants respectively) and synthesizing the work done so far.

The several moderation tools and methods deployed along the co-creation process
were advantageous, particularly the online-tool DIPAS, the orthophoto-carpet, and the
graphic recording. Additionally, the Hamburg CLEVER Team has deployed a combination
of traditional and innovative tools to facilitate knowledge transfer and support the discus-
sion along the process. The DIPAS tool, with its participatory data-table, was used in the
kick-off event to collect stakeholders’ opinions and visualizing issues within the project
area. The advantage of using such digital participation tools is that all identified issues
are immediately linked to geo-data coordinates. After the event, the conversion of stake-
holder comments into a digital format was more straightforward and less time-consuming.
Therefore, this tool’s use led to reduced operational costs and time within the stakeholder
participation processes. DIPAS was further used on a second occasion to support citizen
participation in the nature experience park along the corridor in ULL 1.

As a further tool, the carpet realized with the orthophoto of Neugraben–Fischbeck was
applied successfully during the kick-off event in autumn 2018 and at the district festival
“Neugraben Erleben” in 2019. It attracted people to express their interests and issues in
the project area: in fact, a carpet of such size catches people’s eye and animates them to
participate. Therefore, it was regarded as a useful tool for stakeholder activation during
phase (i) of the co-creation process.

Lastly, the graphic recording of the discussion was useful to depict the outputs of the
meeting visually and, at the same time, create a recognizable design for the participants.

4.2. Stakeholder-Related Aspects of NbS Co-Creation in the Hamburg Case Study

Co-creation requires managing the challenge of engaging local stakeholders to listen to
all opinions and empower them to participate in policy-making actively [37]. Concerning
policy-making, individual stakeholders’ role is discussed in the next subsection concerning
their constellations and experiences within the project activities.

Firstly, in a co-creation process, the local stakeholders’ network has to be created
and, secondly, to be maintained. This includes the management of the various activities
conducted. While many scholars claim that local public authorities do not have power or
interest in this sense (see [21]), the situation for Hamburg was somewhat different due to
the central role of co-creation for the CLEVER Cities project around which the project team
organized all other activities in the first two analyzed phases (i) and (ii).

Additionally, the kick-off event format with the large-scale participation created a
favorable environment for the citizens to play a central role in defining the topics to
debate upon [8]. Concerning the refugee accommodation facilities, the activities developed
together with the residents resulted already in physical interventions (see Section 3.2.1).
As a result, engagement is one of the critical elements of the NbS design process, as
previously discussed.

The district public administration thus functions as initiator and coordinator of the
entire process, and it was one of the main stakeholders having interests in the success of the
initiatives put in place by the CLEVER Cities project (Figures 3–5). It has the authority to
initiate and foster co-creation activities within its project partner capacities and by subcon-
tracting third parties or directly commissioning works entailing the planning, realization,

42



Sustainability 2021, 13, 2572

and implementation of different project co-creation activities. With various stakeholders’
involvement, the coordination, supervision, and approval of the commissioned work rested
with the district public administration, which remained de facto always indirectly involved.
In this way, the respect of the co-creation principles can be guaranteed if the administration
is backing them. Meetings within the project team were held regularly to update on the
status of the various interventions.

Additionally, the district public administration participated in several political com-
mittee meetings at the district and city level, where the CLEVER Cities project and its
activities were documented. However, multiple spot-like interventions, tailored co-creation
approaches for these interventions, diverse stakeholders with different institutional set-
tings and experiences, and multilateral agreement rounds for fine-tuning the processes
in some cases lead to lengthy procedures and a high workload [38]. Furthermore, since
the budgetary authority rested with the district public administration, together with the
coordination role and the communication activities with the Hamburg partners as well
as internationally in the overall project consortium (cf. [39] p. 14), its decisional power
resulted in being very relevant, compared to the other partners. However, the political
constellation’s multi-level character in Hamburg puts the district public administration in
a constant dialogue with the Hamburg ministries level.

The BUKEA contributed with scientific expertise on the natural environment and
provided support from and within institutional levels. The Ministry shares a political interest
at a city-wide level, being in charge of green roofs strategy while being engaged through
CLEVER Cities at the local level (see ULL 2). One of the benefits of having the different city
authority levels on board is the potential for upscaling the districts’ results to the city-level
(vertical integration) and, similarly, its transfer to other districts (horizontal integration).

Having an urban development agency being physically present in the area allowed
the project activities to be adequately spread among the residents. Organizing events and
attracting people to participate were not the only advantages; also, the profound knowledge
of the local (social) situation and their agency’s daily contact with citizens were crucial
elements for the success of the initiatives (see the role of “Broker” in Busetti and Vecchi [40]).
Indeed, the presence of an intermediary organization active in citizen involvement at the
local level and knowing some of the most important local stakeholders in person has
proved to be fundamental in establishing a stakeholder network in the urban district.
This helped the project team in several situations to get into contact with key players
and to solve conflicts. Nevertheless, the local development agency’s inner knowledge
and moderation skills were considered substantially useful for raising awareness on NbS
among local stakeholders and citizens and contributing to capacity-building processes.

Furthermore, the co-creation process was largely supported by scientific partners’
involvement, both federal and international. While the structure of the framework was
provided by the international project partners (UIP, ToC, Co-Creation Pathway), the federal
research institutions were in charge of adapting it to the local context and translating the
general framework instructions to the specific implementation level. Steering activities,
data collection, and analysis of the ToC workshops’ results were carried out with the help
of the federal scientific partners. The practicality degree was also challenging throughout
the project while providing sparks for reflections based on real case implementation.
Nevertheless, the involvement of scientific partners facilitated the further elaboration of
the main results to be coupled with a broader context and to be able to respond with novel
and sound scientific background to the local challenges encountered.

4.3. Recommendations

Based on the aspects discussed in the previous subsections, some critical issues for
NbS co-creation organization can be derived, comprising the horizontal and vertical dia-
logue, the essential characteristics of the stakeholder constellation, and the presence of an
overarching guiding framework.
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According to the contract signed with the European Commission, the project team
initiated the complex participation and implementation process. The public administration
played a steering role, among others, because it holds an intermediate position, guiding
and supporting the initiatives on the ground and participating at the strategic level. The
guiding role often signifies that the public administration plays a central role in the co-
creation process. On the local side, the local development agency has been working
in many directions, e.g., as a coordinator of the local activities in the urban district, as
a mediator between local stakeholders and the district public administration, and as
a facilitator for enhancing social inclusion. Since the administration was involved in all
processes, it was perceived as close to the citizens’ challenges and wishes. The district public
administration’s leading role in the initiation and coordination of co-creative processes has
proven to be beneficial. However, it was only through close cooperation with the urban
development agency that residents could be reached and co-creative processes carried out.
Therefore, it is highly recommended to combine one planning (public administration) and
one implementing body (local development agency) to implement co-creative processes.

The establishment of such cooperation opened up new involvement opportunities and
enriched the process with additional ideas. In this sense, communication was particularly
relevant in Hamburg, with the scope of informing and involving the broader public and
requiring a continuous adaptation to search for a common and understandable language.
Additionally, to achieve the desired outcomes defined through the co-creative process,
it was necessary to establish dialogues and cooperation not only across administrative
levels [41] (p. 26) but also within the institutions themselves [42]. This cross-sectoral
dynamic is revealed to be of enormous importance to reaching the project’s objectives
concerning the inherent characteristics of NbS, which requires a certain degree of interdis-
ciplinary, cross-sectoral cooperation and a broader view of the local challenges. Barriers
could be overcome by establishing contacts, building relationships, subscribing to formal
and informal cooperation formats. To some extent, changes to correct the process trajectory
were envisioned and enabled by facilitation tools.

Concerning the role of civil society and academia, the entire process should be
conceived to let citizens and, most importantly, disadvantaged social groups play a di-
rect role in the implementation. This direct involvement that will be translated into
co-implementation activities in the next phases of the project fosters the sense of own-
ership of the various co-implemented interventions and further maintains their interest
to continue to take care of these interventions after their realization. Direct involvement
also contributes to a certain degree of empowerment. The process’s learning effects are
fundamental to continuity in applying co-creation activities at the local level. Thus, thanks
to the first-hand experience in dealing with NbS through hands-on workshops, it can help
enhance the understanding of such complex topics to the general public. In this sense, the
workshops serve as a knowledge transfer tool.

Generally, combining the several local aggregation and meeting formats (local UIPs)
with the more comprehensive and outreaching annual UIP events can be considered a rea-
sonable practice. This integration was useful for connecting the various local interventions
under a broader and shared vision and informing and mobilizing a broader and more di-
verse group of people, thus enhancing the potential for creativity in the intervention design.
Furthermore, it helps gather and synthesize the work conducted locally in a presentable
way for dissemination and visibility purposes.

Working with citizens usually entails a more significant effort to prepare the various
steps within the co-creation process. The timing and content of communication with
stakeholders affect their willingness to participate. Keeping their interest high and showing
the results coming from the discussions regularly increases motivation. Further, laypersons’
involvement requires finding suitable communication formats, instruments, and wording
where all can meet and agree upon, which should avoid reaching only certain groups
and excluding others. The risk of excluding specific participant sets is amplified when
working with vulnerable social groups, such as in ULL 1. Starting the dialogue with the
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refugees requires more extended and more careful preparation. Besides the necessity of
hiring translators for various languages, the main challenge is to awaken their interest in
a place where they presumably intend to live only temporarily (e.g., opened in 2016, the
refugee camp in Vogelkamp– Neugraben is planned to be closed by 2026).

In the current scientific discourse, co-creation processes are discussed as a potent tool
to sustain the development of NbS through the involvement of all social groups [7,42]
when addressing sustainability and resiliency in cities. The Co-Creation Pathway provides
a guide for consistent implementation of this process yet allowing for adjustments when
applied at the local level as presented in [14,30]. In Hamburg, the adaptation of the
Co-Creation Pathway to the local context was facilitated by the scientific institutions by
a broader involvement of civil society and other social groups in addition to the usual
suspects [21]. As previously mentioned, communication and conflicts were fundamental
for achieving the project’s objectives because they helped reach new levels of knowledge
and understanding of sustainable urban development and the role of NbS. The continuous
integration of local knowledge, the support from academia, and the business sector’s
involvement create a potent base for developing further the initial ideas of a project.
Improved organization and participation strategies include providing a foundation for a
discourse, collecting examples to implement possible ideas, and proposing alternative and
ad hoc approaches [4,37]. This is achieved due to a mutual and constant dialogue with the
local partners and agreement on project continuation.

5. Conclusions

This paper provided insight into the current situation (November 2020) of the ad-
vancement of the NbS interventions achieved in the CLEVER Cities project in Hamburg
and the interplay of the several stakeholders that contributed to the process. Hence, the
analyses conducted to draft this paper refer to the interim project results. Nevertheless,
some relevant outcomes can be derived to continue the work within the CLEVER Cities
project timeframe and for the scientific discussion on stakeholder involvement in planning
and designing NbS and some thoughts for their implementation.

Given the intrinsic multi-dimensionality of NbS, they can be identified to address
complex issues characterized by uncertainty and interdependence. NbS are claimed to
answer several current societal challenges [43], and foster local economies and allow
inclusion simultaneously [7]. According to a co-creative model, the CLEVER Cities project’s
answer to this complexity is to bring various views, knowledge, and areas of expertise
under the same roof.

As discussed, the project team gathered representatives from a wide range of back-
grounds (Section 3.1), complemented by the sectorial expertise of the different stakeholders
involved that suited the best specific interventions. It is possible to notice that the project
team is frequently present as a core stakeholder within the ULL (Figures 3–5). These are the
district public administration and the local development agency: for legal, political, and
economic resources, the former; for proximity with the local population and experience
with co-creation processes, the latter. These two stakeholders had to overview all activities
being conducted and punctually activate the necessary stakeholders to address specific
challenges of the selected areas of intervention.

The co-creation processes [18] (p. 273) might be a difficult and tortuous path, implying
a considerable amount of time and resources to dedicate to its sustainment. Instruments
and cooperation modes are critical and should not be underestimated. Concerning the
Hamburg experience, it can be stated that the co-creation process benefited from the support
of an overarching strategy. As an additional benefit, co-creating the NbS contributed to
generating a learning effect among the participants. From the point of view of the co-
creation approach’s resilience in the case-site, it became apparent that formal and informal
cooperation mechanisms have to be considered early in the process and should outlast the
research project’s duration reach a self-sustaining state.
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The case study experiences showed that the experimental approach of research-based
interventions could lead to new insights that will transform the existing governance settings.
Hence, the co-creation principles that sustain the NbS development effort are demanding a
restructuring of the decision-making processes by learning from the approaches mentioned
above and becoming common practice (see [44,45]). The enlargement of participatory
design solutions includes foreseeing a certain degree of flexibility, which allows reacting to
problems, offering alternative solutions, and deploying different mechanisms to connect,
commit, and share decision-making power with ad hoc governance models.

The described co-creation activities, the chosen pathway, and the involved stake-
holders can be taken as examples of how NbS co-creation can be steered, supported, and
facilitated. It was recognized that the NbS topic is of great interest among the different
social groups and contributes to uniting people while achieving beneficial results for their
neighborhoods and cities [8]. Additionally, district public administrations fostering the
NbS idea can profit from enhanced visibility in the district and resulting benefits from new
networks within and beyond the authorities’ boundaries.

All this said, by addressing governance and decision-making structures, bringing
together different expertise in the joint effort to address significant societal challenges,
NbS are claimed to unlock potential for building resilient cities and fostering more shared
sustainable development.
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Abstract: Nature-based solutions (NBS) have emerged as an important concept to build climate
resilience in cities whilst providing a wide range of ecological, economic, and social co-benefits. With
the ambition of increasing NBS uptake, diverse actors have been developing means to demonstrate
and prove these benefits. However, the multifunctionality, the different types of benefits provided,
and the context-specificity make it difficult to capture and communicate their overall value. In this
paper, a value-based framework is presented that allows for structured navigation through these
issues with the goal of identifying key values and engaging beneficiaries from the public, private, and
civil society sector in the development of NBS. Applied methods such as focus groups, interviews,
and surveys were used to assess different framework components and their interlinkages, as well as
to test its applicability in urban planning. Results suggest that more specialized “hard facts” might
be needed to actually attract larger investments of specific actors. However, the softer and more
holistic approach could inspire and support the forming of alliances amongst a wider range of urban
stakeholders and the prioritization of specific benefits for further assessment. Consequently, it is
argued that both hard and soft approaches to nature valuation will be necessary to further promote
and drive the uptake of NBS in cities.

Keywords: nature-based solutions; greening cities; urban governance; urban planning

1. Introduction

Nature-based solutions (NBS) have been widely promoted as an important means
for cities to combat the pressing challenges of climate change and ongoing urbanization.
Beyond their direct contributions to lowering risks associated with climate-related pressures
such as flooding and heat stress, NBS can also deliver diverse indirect co-benefits related
to aspects such as health and well-being, economic opportunities, or addressing social
issues [1]. According to the European Commission they are defined as “actions inspired
by, supported by or copied from nature and which aim to help societies address a variety
of environmental, social and economic challenges in sustainable ways” [2]. As cities seek
to increase their resilience against climate change impacts whilst dealing with budgetary
constraints, the effective valuation and communication of these multiple functions of NBS
have become increasingly important [3,4]. However, the strong context-dependency, the
diffuse nature of many ecosystem services, as well as the multifunctionality of NBS make
it difficult to paint a clear picture of the specific value NBS create for different urban
stakeholders. It is at least partly for these reasons that the development of alternative
business, governance, and financing models, taking into account diverse public and private
actors, has been identified as an important challenge for mainstreaming NBS in urban
planning and design [1].
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This paper presents and discusses the logic and individual components of a frame-
work, which aims to enable targeted and user-friendly navigation through this complex
issue of NBS valuation. It has been developed within the SCC2 project Urban Nature
Labs (UNaLab), which is funded by the European Commission under the Horizon 2020
research and innovation program and seeks to contribute to “the development of smarter,
more inclusive, more resilient and more sustainable cities through the implementation of
nature-based solutions” [5]. The framework aims to support urban planners and practi-
tioners with identifying NBS values in a structured way to inform decision-making and
stakeholder engagement around NBS implementation [6]. The first section discusses the
challenges and trade-offs associated with nature valuation and makes a case for “softer”
value assessment tools to encourage awareness-raising, stakeholder engagement, and
mobilize local actors around NBS to complement “harder” valuation mechanisms. The
second section provides an overview of the methods applied to develop the framework.
The third section describes the different framework components and their linkages. In the
final section, some reflections are made on the utility of such an approach and its relevance
for future (applied) research.

1.1. Challenges and Trade-Offs in Approaches to NBS Valuation

The term “value” is rooted in philosophy and only from there entered economics
and financial theory [7]. Against the background of nature valuation, Costanza 2003
states that “value ultimately originates in the set of individual and social goals to which a
society aspires” [8] (p. 24). Whereas conventional economic value is mostly focused on the
maximization of individual utility and its expression in monetary terms, NBS also strongly
relate to other goals (and resulting values), such as sustainability or social wellbeing [7–9].
As a result, an assessment of value should be based on the contribution to achieving these
multiple goals [8].

Many initiatives and approaches have been developed which seek to better describe
and capture the values of NBS and green infrastructure components. It is assumed that
through a better understanding and being able to effectively quantify the benefits, the
evidence base will pave the way for the development of new financing and business models
to facilitate planning and uptake of NBS in cities. In “The Economics of Valuing Ecosystem
Services and Biodiversity,” Pascual et al. give an overview of different approaches to
nature and ecosystem valuation. Most importantly, they distinguish between biophysical
valuation which derives value by measuring the physical costs involved (such as labour,
energy, or material input), and preference-based methods that build on the assumption that
value derives from the subjective preferences of humans [9]. Whereas such approaches may
contribute to better value assessment, capture, and communication, controversies remain
with regards to expressing the variety of different values and benefit types in a single
unit of measure, such as money [10,11]. Out of this discussion, multi-criteria analyses
have emerged as an alternative to formally integrate multiple values of different units in
decision-making [12].

Against this background, various methods and instruments exist, ranging from cal-
culative approaches, such as established market valuation techniques, to more holistic
assessments incorporating wider sustainability impacts [4,9]. These methods of valuation
serve different purposes and should collectively play an important role in mainstreaming
NBS. Whilst hard quantification and monetization techniques are typically highly technical
and NBS specific (i.e., developed to assess impacts of specific NBS types), softer valuation
approaches are emphasizing advocacy and awareness-raising [9]. However, there are
certain trade-offs involved in the development of tools to assess the diffuse and complex
nature of the benefits associated with NBS and to take context-specific preconditions into
account. Along with the benefits, the associated beneficiary structure and the individ-
ual potential and willingness to invest in such an NBS differ greatly. For example, an
intensive green roof with public access in a cold northern European city will likely create
very different benefits for different beneficiaries than it would on a private building in
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a warm southern European city. This is because the various functions of NBS translate
differently into benefits depending on the demands and preconditions of the surrounding
context. This strong context specificity, the diffuse nature of many ecosystem services, as
well as the multifunctionality of NBS imply that the establishment of the generic business
models for NBS that would attract sustainable sources of finance is rather challenging. This
uncertainty factor significantly increases when trying to anticipate the impacts of a planned
future intervention (ex-ante). Thus, the creation of tools to better understand value creation
through NBS will inevitably create trade-offs between their effectiveness in quantifying the
benefits and their role in communication, advocacy, and mobilizing support. While both are
of significant importance, the former will allow NBS to be more effectively integrated into
prevailing value calculation systems, while the latter can function as a means to expand
comprehensions of value creation, provide insights into other points of view and integrate
different types of benefits and meanings that stakeholders associate with them.

This framework was developed within a large European Project involving eight
European cities and two observer cities, all with varying cultural, institutional, and climatic
contexts. It should also function as a mechanism to support future interventions (ex-ante).
Thus, the imperative of interoperability of the framework between diverse contexts further
limits the potential for hard valuation approaches. Therefore, the ambition of the described
approach is not to quantify or monetize specific benefits of NBS, but rather to serve as a
means for awareness-raising and mobilizing local support in diverse urban contexts.

1.2. A Case for “Softer” Approaches to NBS Valuation

One of the central strengths of the NBS concept is its broader more holistic consid-
eration of links between social and ecological systems, as well as the potential broader
societal impacts of interventions in complex systems. Due to its integrative, systemic ap-
proach, NBS has the potential to overcome a prevailing bias for developments that focus on
short-term economic gains and effectiveness [13]. Additionally, associated benefits can be
more public or private in nature (or often a combination of both), making them susceptible
to collective action problems [14]. The importance of mobilizing local support behind
NBS is reflected in their proponents’ emphasis on open stakeholder engagement processes
with diverse actors that are hoped to support with the bridging of social and economic
interests [1,3]. This is reflected in recent rounds of European funding associated with
NBS, in which NBS are typically combined with prescriptions of integrating alternative
governance models and a high degree of stakeholder engagement and co-creation [2]. As
a rather recent, rapidly evolving, and applied concept co-creation thereby describes the
co-design process in a group of stakeholders [15]. Effective partnerships amongst local
actors have been identified as a central enabling factor for effective NBS rollout, while
awareness-raising activities and mobilizing amongst local actors can play an important
role in addressing some of the central barriers to NBS uptake including countering path
dependencies, institutional fragmentation, and the uncertainty associated with NBS im-
plementation processes and benefits [16]. Due to the abstract benefits associated with a
given NBS, effective discussions and decision making amongst stakeholders are challeng-
ing when its values are not represented in a visible way. By presenting soft benefits in a
systematic and adaptable way, informed discussion can be possible, and arguments may
be steered through visible examples. This could help overcome the routine lock-in by
increasing awareness amongst urban planners (and other urban actors) of the impacts of
NBS from their own and other actor perspectives, facilitating communication between silos.
Beyond building intersectoral bridges, such approaches can support improved integration
of knowledge between academics and planners, which has been identified as an important
factor for supporting NBS uptake [17].

Others have articulated the importance of effectively communicating nonmaterial
benefits of NBS in a persuasive manner in ways that benefits can be accounted for and
traded off in common framings [18–20]. It is in this context that the described framework
has been developed. Taking into account the trade-offs associated with nature valuation and
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attempting to develop an approach that is applicable in multiple contexts ex-ante, it aims
to support urban planners and practitioners with identifying NBS values in a structured
way to inform decision-making and stakeholder engagement around NBS implementation
in early stages of NBS development. This approach does not aim to discount “harder”
approaches to nature valuation, but rather tries to integrate these through directing users
towards potential valuation methods, based on their own selections. Nevertheless, the
primary function of the framework is communication and awareness-raising, and it should
be applied at the early stages of collaboration processes around NBS development.

2. Methodological Review

The development of the framework followed a rather applied research approach.
Broad desktop research was performed to develop an overview of existing evidence related
to NBS functions, benefits, and beneficiaries, as well as existing valuation and quantification
tools and financing options. After organizing the findings, diverse focus group sessions,
expert interviews, and surveys were conducted to fill existing knowledge gaps and link
the identified components of the resulting framework. Focus group sessions consisted
of interdisciplinary working groups of researchers (e.g., from economics, environmental
sciences, social sciences, urban planning, or biology background) and city experts from
the UNaLab consortia. All focus groups were conducted in the frame of UNaLab project
activities and, depending on the topic, different experts were involved. Finally, the logic of
the framework was operationalized and applied as part of a series of NBS roadmapping
workshops in the five cities Stavanger (NO), Cannes (FR), Castellón (ES), Prague (CZ),
and Başakşehir (TU). Furthermore, feedback on its applicability and usefulness in current
planning processes was gathered through targeted and semi-structured interviews with
12 experienced urban planners across Western Europe (Eindhoven (NL), Arnhem (NL),
Tilburg (NL), Apeldoorn (NL), Zwolle (NL), London (UK), Gent (BE), Freiburg (DE),
Hamburg (DE), and Ludwigsburg (DE)). The gathered reactions helped to finetune and
improve the framework, as well as to better define potential application areas. Table 1
summarizes the different methods used to develop the different framework components
and highlights the links to other research activities within the H2020 UNaLab project.

Table 1. Data sources and methods used to develop the different framework components.

Framework Component Method Link to UNaLab Research

Challenges, nature-based solutions (NBS),
and functions

Desktop research on NBS functions and
existing valuation and performance

measurement approaches (2018–2019)
NBS Technical Handbook [21]

Linking functions to beneficiaries

Expert survey (December 2019 to January
2020) involving 26 participants from
15 different countries, all involved in
NBS-related projects (65% answering

from research and 35% from city
perspective)

Beneficiaries, benefit types, and value
capture potential

Desktop research and expert focus
groups on beneficiaries, benefit types,

and value capture potential (2018–2019)

Financing Options
Desktop research and expert focus
groups on financing options and

strategies (2018–2019)

Business Models and Financing
Strategies for NBS [22]

Testing of the framework

Semi-structured interviews with 12 urban
planners (March 2019 to June 2019) to test

the usability of the concept
Application and discussion of the
framework logic in Roadmapping
Workshops in five European cities

Use of the framework in strategy
development within the UNaLab

follower cities [23]
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3. Results

3.1. A Value-Based Framework for Stakeholder Engagement in NBS Development

The presented framework should enable planners and users to take different types of
benefits into account (even if not quantified) and identify key beneficiaries and potential
financing options that could be involved and applied in a given NBS project. It builds on
three major pillars:

1. The different functions of NBS and their relation to specific urban challenges
2. The key beneficiaries of NBS functions and their individual benefits
3. Different financing options for NBS

Figure 1 shows the different components, linkages, and the general logic of the
framework, all of which will be further discussed in the following sections.

Figure 1. Components and logic of a value-based framework for stakeholder engagement around
NBS (further developed from Mok et al., 2019 [6]).

3.2. NBS to Solve Urban Challenges

The concept of NBS has only recently evolved and covers different existing approaches,
such as green infrastructure or ecosystem-based adaptation. It can thus be best understood
as an overarching umbrella concept, which unites those various approaches from different
research domains or policy contexts. However, a common feature of NBS is the focus
on addressing societal and urban challenges through a range of different functions and
ecosystem services [24,25]. In the frame of the UNaLab project, a technical handbook is
being developed, which builds on these urban challenges, describes different NBS, and
indicates their multiple functions alongside an estimate of the individual performance.
Functions are thereby of a technical nature and can for instance relate to the ability of NBS
to provide shade, retain surface water runoff, or filter the air. As context-specificity plays a
big role in estimating the individual performance, approximate values in terms of no, low,
medium, or high performance are indicated for each NBS and function [21]. Whilst the
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handbook will be further developed until the end of the project, Figure 2 summarizes the
different categories and functions, which were used in the presented framework. The focus
was thereby laid on functions that address climate and water-related urban challenges, as
well as such that cover social services and biodiversity aspects.

Figure 2. NBS function categories (in bold) and functions (in bullets) based on the UNaLab Technical Handbook [21], which
were used to build the value-based engagement framework.

3.3. From NBS Functions to Beneficiaries

In this step, the technical NBS functions were translated into individual benefits of
different beneficiary groups. Public authorities are frequently grouped as a single homoge-
neous actor, which can oversimplify the different prevailing logics and priorities between
municipal departments and public agencies. Thus, potential beneficiaries in the framework
differentiate between municipal departments or public agencies and private entities in
the urban realm, as well as citizens and other stakeholders from civil society. Figure 3
shows the results of an expert survey in which the extent of benefit from the given technical
functions of NBS was estimated for different types of urban stakeholders. Knowing both,
the technical performance of different NBS functions, as well as an estimation of the extent
to which urban stakeholders might benefit from these, may help in understanding the
potential beneficiary constellation of a selected solution. It is assumed that the identified
stakeholders with high benefits across the different functions will have a deeper material
vested interest in implementing such NBS and could thus be valuable partners to engage
in the planning, design, implementation, and financing stages of related projects. In this
framework, the material vested interest could be expressed in terms of Willingness to
Invest (WTI), which is introduced in the subsequent sections. If such an interest appears to
be absent, this might suggest an information gap or lack of awareness of such benefits. This
perspective does not take aspects related to power and power imbalances into account,
which must be considered by the planner on a case-by-case basis due to their typical
context specificity.

Several trends could be observed when analyzing the survey results. Overall, it was
indicated that socio-economic functions, biodiversity, and water purification are the easiest
functions to rate, with 89%, 82%, and 81% of participants describing the ease of linking
beneficiaries to functions as “rather easy” or “very easy.” On the other hand, provisioning
services, cooling, and climate regulation were perceived as the most difficult ones with 50%,
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37%, and 36% of participants indicating the rating to be “rather difficult” or “very difficult.”
Generally, research representatives tend to rate benefits higher than city representatives—a
tendency that was particularly noticeable with regards to the “role” of the urban planning
department and what it would benefit from (up to 30% higher benefit rating for individual
functions by the research representatives). Varying perceptions and some uncertainty
could also be perceived as to how much the health sector (health agencies and insurance
companies) would benefit from NBS functions. Lastly, the overarching category of “citizens”
received some criticism and, due to its broadness and the nature of NBS services, was rated
as “top beneficiary” for almost all of the considered functions.

Figure 3. Survey results ranking the extent (low, medium, high) to which different urban stakeholders from public, private,
and civil society sector would benefit from different NBS functions. Fields indicated with an “X” were not assessed.

3.4. Benefit Types and Value Capture Potential

Next to the beneficiary constellation, the value capture potential of a given benefit will
have a big effect on the individual interest and willingness to invest. In an attempt to better
integrate the benefits provided by nature into conventional accounting structures, monetary
value capture has been a popular and much-discussed approach (see Figure 4 for more specific
methods concerning monetary value capture). It has also been applied to various ecosystem
services [9,11,26]. However, most of these approaches are highly context-specific, based on
many assumptions, and thus come with a high degree of abstraction and uncertainty. Against
this background, we argue that depending on the nature of an individual benefit it might
be easier or harder to materialize. In cases where such an approach would lead to a high
abstraction level or require in-depth expert knowledge, it might be more tangible to use
alternative or complementary assessment methods to capture and communicate the value
at hand. To better depict this issue, the potential benefits from NBS were categorized in six
different benefit types, which provide a basis for value allocation that includes both monetary
as well as non-monetary value of NBS (Figure 4).
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Figure 4. Benefit types and related value capture (exemplary compilation by the authors, further developed from Mok et al.,
2019 [6]. Icons by flaticon.com).

3.5. From Beneficiaries to Financing Options

Building on the identified NBS functions and beneficiaries pillars, the framework
concludes with different financing options. The objective of this pillar is to inspire the
urban stakeholders to consider several potential NBS financing options based on the
stakeholder constellation relevant in the local context. In this framework, the connection
between the beneficiaries and the financing options relies on the concept of the Willingness
to Invest (WTI). It is an adaptation of the Willingness to Pay (WTP) method, where the
users of the ecosystem are asked to assign monetary values to the services upon which,
following a contingent valuation approach, an aggregate WTP of the population for the
specified ecosystem service can be derived. This framework is based on the assumption
that beneficiaries have differing interests and capabilities to invest in NBS. It encourages to
explore the potential WTI of selected beneficiaries in a given context when planning NBS.
The development of the financing options attempts to move from existing case studies
whose governance constellations are tied to the site-specific context toward more generic
options that can be used to inform the development of new NBS financing constellations.

3.6. NBS Financing Options

Whether a good or service is more of a private or a public nature has direct implications
on how it will be governed, financed, and managed [14]. For instance, private sector finance
is more likely to be available for NBS that provide marketable products with private good
characteristics (e.g., property price premium or agricultural produce). Similarly, NBS,
which generate mostly public services (e.g., enhanced water retention due to public green
infrastructure, reduced urban heat island effect, etc.) would more heavily rely on public
investments [27]. From a private sector perspective, investing in NBS with predominantly
public benefits is often not very attractive, due to a weak business model. This is a result of
the spatially and temporally diffuse benefits implying a high risk of investments with a
questionable availability of high return to compensate for the risk [28–30]. Overcoming this
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challenge of the limited ability to pinpoint a suitable and rather traditional business model
for financing NBS calls for identifying the viable combinations of public-private financing
and partnership models, which would allow for sharing of the risks and benefits over
time [19]. The potential governance and subsequent financing constellations around NBS
interventions should be documented to provide an evidence base for generating further
knowledge and inspiration on the available sources of investment.

The present framework builds on 11 financing options that have been compiled as
part of the UNaLab project as stated in Table 1 [6,22]. It organizes the identified options
following the common government-market-community trichotomy. In its traditional form,
this trichotomy implies that any productive activity or resource is owned/executed by
the government, market, or community [31]. However, the traditional model has been
expanded to account for the hybrid solutions that can occur between the three extremes of
the model, such as user fees. Additionally, comprehensive research on the potential external
NBS financing schemes and sources was performed. The EU, as well as other international
organizations and financial institutions, can, in some cases, be a major contributor to NBS
implementation financing. Subsequently, an overview of the funds, financing facilities, and
platforms has been compiled to draw the cities’ attention to such financing possibilities, as
well as their major eligibility criteria that often call for national and/or local political and
financial support.

New governance constellations (such as grassroots initiatives or community-managed
public space) around (nature-based) urban interventions have been included as well. These
stakeholder constellations could sometimes be omitted from “financing models” of NBS
as such, since the parties involved might not undertake capital investments in NBS per
se. However, they can reduce the financial burden on the city through contributing labor,
providing maintenance, or even supporting the construction of NBS. Hence, the framework
includes these community-led initiatives under the term “invest” and encourages the user
of the model to consider them among other financing options. Additionally, partnerships
between private actors and the city for building and maintaining NBS often need to be
complemented with a governance model to ensure that the benefits of the public good are
realized and that long-term contractual arrangements are upheld (e.g., in Public-Private
Partnerships). For these reasons, the framework attempts to integrate both financing,
business, and governance models to facilitate a broader understanding of these aspects.
Figure 5 illustrates the identified financing options and their allocation in the public-private-
community domain.

Figure 5. Financing options from UNaLab research, which were used to build the value-based engagement framework
(taken from Mok et al., 2019 [6]).
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3.7. Reactions to the Framework

Whilst applying and discussing the concept and logic of the presented framework, it
became apparent that respondents of the interviews were still very much exploring the field
of planning instruments that promote NBS and targeted tools are not structurally used. A
much-heard argument against higher uptake was that these tools are very complicated and
need expert information, which can become very costly for smaller public administrations.
Further, tools were mainly used to monitor whether an intervention works or has the
expected impact, and therefore not in a proactive planning manner.

Reacting to the logic and sequence of the presented framework, respondents were
positive about how different steps of the framework take the user through a process that
is often taken for granted by urban officials with a “green” background. Many indicated
that the “soft” benefits are sometimes used as arguments for more NBS inclusion in urban
planning and development, but not in such a systematic way, as most benefits are assumed
to be known by everyone. It was agreed that by showing the benefits and beneficiaries
of NBS more systematically, all actors could reach a similar understanding as to why an
intervention is an improvement or necessary.

Reflecting the focus on hard facts and financial aspects in current planning practices,
the main points of critique for this approach involved the lack of quantified values in
monetary terms, as promoted by other natural capital valuation frameworks such as “The
Economics of Ecosystems and Biodiversity” (TEEB) or iTree [9,32]. For instance, some
respondents doubted that the soft benefits will be convincing enough to change existing
processes and decision-making. However, it was acknowledged that the context specificity
does not allow for generalized statements regarding financial outputs. Tools that try to
account for different contexts were found to often end up with a large range of figures,
which need to be interpreted and are difficult to apply in accounting processes as well.
Furthermore, the issue was raised that care should be taken to also account for conflicting
interests and potential disservices of NBS, as assuming that everyone will only benefit and
want to build NBS could lead to unforeseen drawbacks and conflicts.

More practical feedback mainly focused on the importance of visible examples. There
was broad agreement among interview partners that integrating case studies and showing
NBS with pictures that describe the atmosphere and impact convinces more actors to
include or support NBS in a planning process. Most respondents were not aware of
co-investment strategies to include external financing outside of government sources of
NBS. This shows that including components such as the different financing options may
have a lot of potential to inform and make more people aware of alternative approaches.
However, including and linking to many different factors and new insights inevitably raises
the complexity of an issue, therefore good and careful moderation, as well as practical
examples, were deemed essential to ensure the usefulness of the approach.

All in all, respondents indicated that the framework could be used in various situa-
tions. Firstly, it could be used to generally raise the awareness of urban planners regarding
the impacts of NBS and inspire them to include more nature-based elements in their plan-
ning. Such a framework makes it easier for urban planners to include climate adaptation
measures as it uses a discourse focusing on the NBS functionality. Secondly, it could be
used for a better network management. It was mentioned that climate adaptation is a
very abstract subject and therefore it is important to show the challenge to the partners
and show what you want to do or be done about it. By showing benefits not only from
a climate adaptation perspective but also including other themes and co-benefits such as
aesthetics, health, leisure or education, it can connect targets from various stakeholders and
help in forming alliances. It also proposes a standardized language on climate adaptation,
functions, and benefits, which makes it easier for different departments to communicate.
Thirdly, the framework was perceived as helpful for stakeholders to reach a consensus on
what benefits should be prioritized. Lastly, because of the relative simplicity, it could also
play a role in participation processes to show the importance of climate adaptation, but
also the other functions of NBS.
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3.8. Applying the Framework in a Workshop Setting

As a specific use case, the logic and components of the framework were also applied in
individual NBS roadmap development processes in five UNaLab follower cities: Stavanger,
Cannes, Castellón, Prague, and Başakşehir [23]. Different sets of inspiration cards with
information on the three pillars (NBS functions and performance, value creation and bene-
ficiaries, and financing options) were used to inform NBS project development sessions in
interdisciplinary groups (see Figure 6). In accordance with the statements above, it could
be observed that the link between NBS functions and urban challenges was rather intu-
itive to most, whereas the steps around identifying beneficiaries and alternative financing
options needed more moderation (also deriving from the fact that most of the workshop
participants had a more technical or planning-related professional background). Discus-
sions around stakeholder engagement and financing strategies became more thorough the
more concrete and advanced a specific NBS project idea was. However, many participants
mentioned that dealing with these issues from the very beginning of a project development
stage helped in building a more solid case and considering new aspects and alternative
ways for realization from early on. It also led to interdisciplinary and cross-departmental
discussions around which actors are (or should be) responsible for and involved in NBS
implementation in public space. Unclear responsibilities are an important barrier to NBS
uptake which could be tackled by more collaborative and joint approaches in project devel-
opment and implementation [16,33]. It was mentioned by the participants that based on
the identified beneficiary structures and financing options, a more in-depth analysis of the
local stakeholders, as well as more detailed technical studies on the performance and extent
of certain benefits would be necessary next steps to leverage on the learnings and activate
the beneficiaries around the defined project. Overall, the approach helped to navigate the
process and discover various available solutions and alternative approaches to realization,
sparked discussions around different ways to capture identified functions and benefits,
and proved to be a good tool for developing a joint and solid “storyline” and strategy
for project implementation at an early stage. However, as most of the projects developed
in these workshops were still rather vague or fictional (with no immediate intention of
implementation), further operationalization and testing of the framework in real-life use
cases will be necessary to fully evaluate its potential and impacts.

Figure 6. Examples of inspiration cards used to operationalize the framework in a workshop setting (compiled from
Den Ouden et al., 2020 [23]).
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4. Discussion

The presented framework can be applied to different types of NBS and highlights
their multi-functional nature by suggesting a structured approach in which different
functions, benefits, and beneficiaries can be factored in. Rather than opting for specialized
quantification, the framework offers targeted integration of user knowledge and allows for
flexibility of application, taking into account the importance of context-specificity regarding
NBS value creation. These features, alongside the educative and communicative character,
make it an interesting tool for urban planners and decision-makers in the early stages of
NBS project development. Based on the findings in this research, it appears that integrating
and operationalizing the framework in urban planning processes can widen the view on
potential benefits and beneficiaries and help in forming alliances and joint NBS projects
between different urban stakeholders. Forming partnerships with different local actors and
understanding their perceptions and preferences has shown high potential for increasing
success in the planning and implementation of NBS projects, e.g., by encouraging trust,
ecosystem stewardship, and social learning [34]. Still, the fear of conflicting interests
and a lack of consensus which would slow down urban planning and decision-making
processes represents an important barrier to multi-stakeholder involvement [1]. With
this regard, several cases have shown that an early involvement of key stakeholders in a
dialogue to identify common goals and communicate concerns, as well as the building
of a “common language” can help minimizing conflicts of interest and issues with green
space management [35,36]. However, to avoid scientific biases and the influence of power
asymmetries among the stakeholders, transparent processes and good moderation are
necessary—aspects which often require additional resources [37].

Another potentially positive feature of the framework is the established link to differ-
ent financing options. It allows for the exploration of alternative ways of financing and
encourages non-expert audiences to think about the investment capacity and interest of
different beneficiaries. While the framework does not provide definite conclusions on how
a certain NBS could or should be financed, it aims to demonstrate the array of possibilities,
especially among urban planners. Adding to the discussions on public and private actor
activation for NBS, it also includes local community actors among the potential financiers
of NBS. A common problem in public and especially citizen engagement is the fact that NBS
stewardship is often perceived by residents as sole responsibility of the government [34,38].
Here, the argumentation with multiple and individual benefits on the local and community
level could improve social mobilization. Studies on energy cooperatives have shown that
while large, less spatially-bound communities are dominated by the return on investment
as the key driver, smaller and spatially-close communities tend to put greater emphasis on
the social and environmental aspects of their investment [39]. Perhaps a similar approach
could hold for NBS investments as well, especially seeing that citizens are often perceived
as the main beneficiary across many of the discussed NBS functions. As NBS tend to
enhance the sense of place and provide a range of local social and environmental benefits
to beneficiaries, local community initiatives for setting up or maintaining NBS have been
emerging (e.g., “Adopt a Place” initiative in London, numerous adopt-a-tree initiatives).
While such initiatives might remain on a relatively small scale, they could hold cost-saving
potential for local municipalities by mobilizing small-scale private investment and in-kind
contribution from the local beneficiaries. Hence, the value-added of this framework also
lies in its ability to depict a range of potential constellations and promote a holistic dialogue
between the different entities.

It is hoped that raising awareness and shedding light on these various aspects and
their interlinkages can inspire, mobilize, and involve more stakeholders from the private,
public, and civil society sector in future NBS development, allowing for new financing
and governance constellations, and thus helping to tackle some of the key challenges in
mainstreaming NBS implementation in cities [3,16,19]. The application and testing of
the framework in more concrete real-life NBS case studies and a close monitoring of the
resulting project outcomes would be suggested next steps. These could help to evaluate,
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whether the use of such an approach will actually increase the priority of NBS in urban
planning, achieve a higher involvement of different urban stakeholders, or lead to choice
of alternative financing options. It would also give the opportunity to see the influence of
information flow and qualitative valuation on the empowerment of different stakeholders,
which we acknowledge as a very important aspect in the planning process.

Contrarily, our research has highlighted the tradeoffs between different ecological
valuation methods. Valuation of any kind always involves a certain degree of simplifi-
cation and it is important to be aware of the potential pitfalls involved with reductionist
approaches to understanding interventions in complex socio-ecological systems [40,41]. It
is not contended here that more narrow (reductionist) mechanisms of value quantification
do not have an important role in supporting the establishment of interventions with broad
(often abstract) value creation. The intention here is rather to underline the importance of
establishing a multiplicity of tools to assess value creation and to demonstrate the utility
of softer, more subjective, forms of value assessment. Thus, responding to the call to
analyze and describe NBS from multiple perspectives which take the complex interlinkages
between social and ecological systems into account [4,42]. As quantitative evaluation
techniques might provide a stronger evidence base at the cost of a broader conception of
value creation, softer approaches, such as the one discussed here, maintain a more holistic
scope but at the cost of the “hard quantitative facts” that are considered imperative for
justification of investment according to prevailing logics [43].

In accordance with this finding, the lack of the quantified outputs might be regarded
as a fundamental limitation of the presented framework, especially seeing that urban
infrastructure investments need to be deemed economically feasible to be undertaken in
the first place. Whereas the built narratives may help stimulate informed discussions and
convince decision-makers why NBS are worth the investment, the framework will not
be able to provide any certainty about the final performance and return on investment.
Feedback from different urban stakeholders have indicated that such information, as a
result of more expert and data-intensive tools such as TEEB, Natural Capital Accounting, or
other forms of quantified impact modeling will be needed to add more financial certainty
and attract larger investor attention. However, setting out the full spectrum of potential
benefits and beneficiaries associated with a given NBS can help considering NBS as a
crucial urban infrastructure asset worth to be further investigated in the first place, and
prioritize specific values and KPIs to be further studied.

However, in terms of further value assessment methods, we argue that capturing
value in economic terms will be easier for certain types of benefits (such as increased
revenue and income or cost savings), whereas others might be more efficiently captured by
other means of impact assessment (e.g., compliance, active use, local image and identity,
or general health and wellbeing). Under the title “Ecosystem services: The economics
debate, “Farley discusses the implications of treating ecosystem services as market com-
modities, e.g., through assigning monetary values. He points out that the use of (monetary)
exchange values inevitably implies a certain degree of substitutability and non-essentiality
of natural functions, which has to be carefully applied and continuously re-evaluated,
especially when ecological thresholds are approached [11]. Thus, keeping a certain degree
of diversification in the approaches to valuation may lessen the extent of abstraction and
allow for differentiated and targeted communication of different types of benefits, thereby
highlighting crucial functions and dependencies. It is hoped that by presenting soft benefits
in a more structured and holistic way, their relevance for the overall urban system and the
indirect influence on different budgets can be shown. Moreover, targeted and differentiated
communication may increase the individual perception of benefits and the meanings that
different stakeholders assign to NBS, which can fundamentally shape the final allocation of
value and influence the demand and individual support for NBS [20].
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5. Conclusions

The present paper describes a value-based framework that was developed in the
frame of the UNaLab project to facilitate stakeholder engagement in NBS implementation.
It is shown that the multifunctionality and the range of (co-)benefits that NBS provide hold
great potential to engage different stakeholders from the public, private, and civil society
sector around one given project. It may also help in linking climate adaptation to other
important goals of cities. Providing a structured approach which can be used in multiple
contexts can facilitate navigation through the complexity of the issue. It may further
help in building a common understanding and language between actors from different
backgrounds, and thus support the formation of new alliances for NBS planning and
implementation. Whilst the link between given values and alternative financing options is
not so well-established in current NBS planning processes, taking this issue into account
from early on may help unlocking new potentials for final project realization. Additionally,
the paper highlights different ways to value NBS and argues that hard and soft approaches
serve different purposes, but should complement each other in building a case for NBS.
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Abstract: Global health emergencies such as Covid-19 have highlighted the importance of access to
nature and open spaces in our cities for social, physical, and mental health. However, there continues
to be a disconnect between our need for nature and our daily lived experience. Recent research
indicates that our connectedness and relationship with nature, and in particular biophilic design,
may be key for improving both health and quality of life. Rather than relying on abstract universal
ideas of “nature”, using evidence-based biophilic design and policy at a building, neighborhood,
and city scale, to link our daily lives with biodiversity, may encourage sense of place and make
environmental action more meaningful. Then, improving our natural capital in the urban built
environment might help address the current climate and disease crisis, as well as improving our
physical and mental health. Drawing from emerging research and innovative practice, the paper
describes key research and design paradigms that influence the way we understand the benefits of
nature for different environments, including the workplace, neighborhood, and city, and explains
where biophilic design theory sits in this field. Examples from recent research carried out in London
and Chicago are provided, aiming at demonstrating what kind of research can be functional to what
context, followed by a detailed analysis of its application supporting both human and ecological
health. The study concludes indicating key policy and design lessons learned around regenerative
design and biophilia as well as new directions for action, particularly with regard to climate change,
sense of place, and well-being.

Keywords: biophilia; greening cities; health and well-being; nature-based solutions; urban design;
urban green infrastructure

1. Introduction

Improved environmental and human health outcomes have long been associated with
the integration of nature into our urban form [1–3]. Pandemics such as Covid-19 have
highlighted again the importance of access to nature and open spaces in our cities for our
social, physical, and mental health [4]. People living in neighborhoods with worse air
pollution—which also often lacks greenspace—have been shown to have a higher death
rate from Covid-19 [5]. Access to urban nature has also been shown to be influential
in stress reduction and socialization [6,7], with urban parks receiving attention on the
benefits of nature as urbanites seek out safer outdoor space in which to work, socialize, and
play [8]. This renewed attention is supported by a trend in urban planning and design that
is trying to provide opportunities to connect urbanites with nature through community-
based ecosystem services projects, regenerative and biophilic design interventions, and
residential greenspace, all of which have been linked to increased well-being, concentration,
socialization, sense of place, and a connection with nature [9].

However, there continues to be a disconnect between our need for nature, our daily
lived experience, and sustainable behavior. This is a missed opportunity given that a
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recent systematic research [6,7] has suggested that our connectedness and relationship with
nature, and in particular our experience of biophilic design, may be key for improving
both sustainability and our quality of life. However, though there is over forty years of
research on the benefit of access to nature for human and climate health, there is still
confusion in the sustainability and design fields on exactly what types of nature can lead
to which types of benefit, and for whom. This confusion is partly rooted in a failure
to understand how to interpret and apply research on nature and health to different
design and policy interventions at different scales [10]. Specifically, issues arise from a
disconnection between biophilic design principles, urban planning interventions, and
specific health and well-being outcomes, as well as from a lack of integration between
different disciplines. This confusion has real implications as buildings, cities, and regions
attempt to align regenerative design goals with human health ones but often lack the tools
and knowledge to do so, which can result in a lack of evidence to support the effectiveness
of these interventions.

The identification of these issues has led to the research objectives of this paper.
Specifically, this paper aims to (a) give researchers, designers, and urban planners a better
understanding of the types of research on the benefits of nature, particularly studies
following an adaptive or utilitarian paradigm, (b) compare this research to the most well-
known application of these principles, i.e., biophilic design; (c) evaluate how real-world
case studies in London and Chicago have used (or not used) this research and design
foundation for positive human and ecological outcomes, and (d) provide detailed analysis
of where biophilic design is working well and highlight new directions and opportunities
that can help to address current shortfalls. Drawing from established and emerging theories
and innovative practice, this contribution evaluates key research and design paradigms
that influence the way we understand the benefits of nature, and then uses this foundation
to assess the effectiveness of three applied case studies according to different pathways, and
at different scales: the workplace, the neighborhood, and the city. The paper finally reflects
on key policy and design lessons learned about regenerative design and biophilia and how
these can be leveraged for a better connection with nature and a sense of place, which
may make environmental action more meaningful. The study is structured as follows:
Section 2 explains the methodology; Section 3 presents the conceptual framework, in which
the theoretical and practical interrelations between regenerative design and biophilia are
highlighted; Section 4 introduces and develops the London and Chicago case studies;
Section 5 elaborates results and their discussion; and Section 6 presents the conclusions.

2. Methods

In order to achieve the objectives mentioned, the work has adopted a mixed-qualitative
methodology that has been structured developing a combination of critical literature review
and field research. A critical, in-depth review of the theoretical paradigms, underlying the
most influential scientific programs on nature and health, was undertaken with the goal
to understand how the paradigms influenced the kind of study that comes out of these
research programs, the goals of this investigation, as well as how and why this research
has been influential in policy circles, highlighting limitations and new directions. A more
extensive analysis, from which this review is based, can be found in [11], as well as in [6,7],
two systematic reviews (Cochrane style) on green and blue open spaces and mental health,
developed by a multidisciplinary expert working group, led by one of the authors, under
the Horizon 2020-funded programme EKLIPSE.

In the second phase, the research designed the protocol for the development of the
case studies [12,13] and applied it to two different cities. The case study was selected as
the method to undertake this part of the work as it allows investigating the phenomenon
under study, in relation with its urban context, using different sources of evidence. Field
research was conducted focusing on the analysis on cities that have already demonstrated
good capacity to integrate biophilic design at multiple scales, i.e., cities with good potential
to innovate and with more financial, technical, and institutional capacity and experience
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in running regenerative architecture and urban projects. The objective was to understand
the level of integration of biophilic design, the theoretical foundation, and the policy, and
implementation process for this, as well as drivers and limitations. The selection of cities
was based on the following criteria: (1) focusing on two cities for different biophilic design
scales, i.e., workplace, neighborhood, city; (2) sufficient secondary sources to develop
the analysis; (3) availability to conduct interviews to designers, public servants, and/or
other stakeholders. The cities selected for the development of the case studies were finally
London and Chicago.

For London, field research was developed by the authors also within the wider scope
of working group activities of the COST (Cooperation in Science and technology) Action
“RESTORE Rethinking Sustainability Towards a Regenerative Economy”, in the period
2017–2020.

For Chicago, key stakeholder interviews and media and policy analysis were con-
ducted, in the period 2016–2019, as part of a larger project on Chicago’s urban greening,
climate change, and resilience initiatives. The Resilient Corridors project emerged as a pilot
in 2019 from the City of Chicago.

3. Theoretical Frameworks on Health and Nature

3.1. Adaptive and Utility Paradigms

The link between access to nature and human health benefits is supported evidence
accumulated over the last 40 years [14–18]. This has been of interest to designers who
include access to nature for its diverse benefits, such as in the workplace [19], and city
planners who are interested in the socio-cultural benefits of green infrastructure for human
health and well-being [20,21]. Although the evidence points to clear benefits between access
to nature and human health outcomes, there remains a lack of alignment between this large
body of research and the type of evidence that convinces stakeholders that adding nature
will reap tangible and trackable benefits for their unique project [11]. This misalignment is
partly due to the types of research—and the paradigms that support them—that undergird
the vast majority of findings that have gotten the attention of policy makers and building
owners. Furthermore, these types of research tend not to align with the more holistic
approach of designers using a biophilic framework [11,22].

Comparing research on nature is complicated by the wide variety of types and mea-
sures used, which can complicate the establishment of robust results between them [23].
The most influential research programs in the last forty years have been based on adaptive
or utility paradigms. The adaptive paradigm is based on the assumption that evolution,
or biological survival, motivates physiological and psychological responses to the experi-
enced environment, and that some environments are better suited to human health and
well-being than others. There are two research programs that have emerged out of an
adaptive paradigm that have garnered the most attention and subsequent research. The
first focuses on restorative environments that help with the restoration of attention or to
improve cognition, notably Stephen and Rachel Kaplan’s Attention Restoration Theory
(ART) [2,24]. The second focuses on the ability of restorative environments to support stress
recovery and positive mood, notably Roger Ulrich’s Psychophysiological Stress Reduction
Theory (PSR) [25].

The original ART research argued that nature possesses four attributes necessary to
hold our attention involuntarily and be experienced as restorative: fascination, mystery,
coherence, and the feeling of being away, and this research has been heavily tested in
subsequent studies [24,26,27]. A key component of research testing ART has looked at
aesthetic preferences for different types of nature. These studies argue that some types
of nature are more favorable to restoration than other types of nature, and that nature
overall is more restorative than urban environments [10,17,24,28]. Research testing the
PSR theory also uses an evolutionary biology theory but tends to focus on the affective or
emotional aspects of this relationship. At its core, evolutionary biology argues that because
we evolved in nature, we tend to feel connected with things that remind us of nature; this
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attitude is called biophilia (translated as a love of nature) [25,29]. This love of nature has
begun to be studied for its potential to link to our connectedness to nature, which has been
shown to improve health and well-being outcomes as well as sustainability behaviors and
belief in climate change [30–35]. While the utility paradigm also draws on the idea that our
natural environment is connected with our well-being, it focuses on the role that nature
plays as a quality of an environment to satisfy current personal or interpersonal needs.
These are often measured by known benefits of access to nature, such as increased levels of
physical activity, restorative experiences, or social cohesion, interaction, and safety [36–38].

3.2. Understanding Nature-Health Research through the Adaptive and Utility Paradigms

The adaptive and utility theories underlie the vast majority of research linking access
to nature and improved physiological and mental health and well-being. Some researchers
have continued to develop these theories and have proposed that these relationships
can be viewed as a series of pathways that have formed the basis of multiple research
streams: (1) stress reduction, (2) physical activity, (3) social cohesion, and (4) air quality [15].
Understanding the key types of research on the benefits of nature and the aim of these
research streams can help designers and planners determine which research is relevant to
their project goals.

Stress reduction has traditionally received the most empirical and theoretical attention.
Research looking at stress reduction has tended to follow the ART and PSR restoration
theories outlined above. These two theories rely mostly on the visual and aesthetic qualities
of nature, and they link to the assumed characteristics of nature seen in evolutionary and
related biophilia (or biophobia—fear of nature) theory [25,39]. While the variety of contexts
for this research supports the strength of the research, it has been harder to evaluate their
application at a building scale given the high number of variables involved.

Physical activity has been gaining attention and follows the utility paradigm. As
opposed to sedentary behavior, outdoor physical activity has been shown to have positive
effects on mental health, showing for example better outcomes in green areas than indoor,
or non-green urban areas [40]. However, the results have been unclear in cross-sectional
and/or epidemiological studies at the neighborhood scale [41], showing the difficulty
of applying lab-based studies to real-world situations. Real-world situations have other
explanatory variables that may influence health outcomes. Furthermore, lab-based studies
do not always take into account other factors such as green space characteristics, loca-
tion, and other influences, or mediators, on behavior or preferences. Studies have found
that multiple factors over and above the amount of greenspace—including quality and
accessibility—determine urban greenspace use and physical activity [42–44].

The third pathway looks at how access to nature is linked to improvements in social
interactions (at the individual level) and social cohesion (at the neighborhood level) and
varies in its research paradigms—ranging from utilitarian, which focuses on characteristics
of parks that influence desired uses, to the design of parks, which influences social cohe-
sion [45]. Although the link between social interaction and mental health has been firmly
established [46], the link between social interactions, social cohesion, and green space has
received less research attention than the first two pathways.

The research linking air pollution, nature, and health has equally received less at-
tention. While the link between air pollution and negative effects on physical health and
mortality has been long established [47], newer studies have also linked air pollution with
negative impacts on mental health [48], and cognitive performance [49]. Some researchers
have gone further and proposed that air pollution, together with traffic-related sounds, can
put a constraint on the restorative potential of an environment as a whole [50]. This holistic
approach is important for understanding negative environmental influences or ecosystem
disservices. This last pathway can be one of the most easily integrated into regional-
level planning and regenerative policies and can be a good way to balance synergies and
trade-offs at this scale.
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Lastly, the concept of Topophilia [51] has received renewed interest recently among
planners, designers, and academics in Europe, who see the focus on personal identity
and meaningful attachment with place and landscapes as a powerful design tool for re-
connecting urbanites with local nature and thus inspiring sustainable behavior. While in
theory, place attachment can be used to inform a regenerative approach to urban and re-
gional planning, it has not been used much in application to date due to its more theoretical
and qualitative approach and the lack of alignment with design and planning practice.

While there has been some qualitative research conducted in the adaptive and utility
paradigms, the vast majority of this research follows a psychometric research approach,
which aims to generalize relationships through quantifiable measures [52,53]. The psy-
chometric approach aligns well with the kind of data promoted by urban planning and
green building researchers and has created a vast amount of data on the benefits of ac-
cess to nature (outlined below). It has also been very influential in public policy [54,55]
and has provided much of the support for adding nature into buildings, neighborhoods,
and cities to date. However, the type of linear and somewhat mechanistic approach to
nature and health in psychometric research does not always align well with the more
holistic, design-thinking approach seen in biophilic design and green infrastructure work
to support human health. There has also been some criticism from social scientists that
research based in the adaptive paradigm tend to not address the larger context of place
and that the underlying evolutionary paradigm—i.e., that love of nature is innate—can
hide cultural, socio-economic, and power differences that can influence the success of
urban nature interventions and the equitable access to nature. The utilitarian paradigm has
also been criticized for its limited understanding of the socio-economic and socio-cultural
factors influencing access to nature, the reduction of environmental values to utility, and
the general lack of acknowledgement of the symbolic aspect of nature [56]. In short, while
research following the adaptive and utility paradigms have provided strong evidence
to support the health goals of biophilic design, biophilia’s focus on sense of place, lived
experience, and holistic design-thinking may be more aligned with some of the relational
and sense of place work on the human relationship to nature that rarely gets cited [57–59]
outside of academia.

3.3. Research to Practice: Design Theory, Research, and Application

One of the most commonly understood “popular” urban greening and design ap-
proaches is biophilia. Popularized by the biologist E. O. Wilson’s biophilia hypothesis,
which prompted the modern biophilic design movement, biophilia is defined as the “[ . . . ]
innate emotional affiliation of human beings to other living organisms. ‘Innate’ means
hereditary and hence part of ultimate human nature” [22] (p. 31). Kellert and Wilson
operationalized this concept to the built environment [39], and it was further developed in
Kellert’s proposed attributes for biophilic design [60], where he introduced key dimensions,
elements, and attributes of biophilic design. As two main dimensions, the author identified
organic/naturalistic and place-based/vernacular. Organic dimension refers to “shapes and
forms in the built environment that directly, indirectly, or symbolically reflect the inherent
human affinity for nature” [60] (p. 5). Vernacular dimension refers to “buildings and
landscapes that connect to the culture and ecology of a locality or geographic area” [60]
(p. 6). Further classifications refer to six main elements, which then break out into more
than 70 biophilic design attributes. These attributes can be as simple and straightforward
as the presence of water, air, sunlight, plants, animals, as well as more articulated, such
as sensory variability, information richness, exploration and discovery, or geographic,
historic, ecological, and cultural connection to place. Importantly, biophilic designers need
to understand that the environment can be an atmosphere, a process, an experience.

There have been some further revisions to Kellert’s work, an example of which is
Terrapin Bright Green’s 14 Patterns of Biophilic Design—Improving Health and Well-
Being in the Built Environment. This report [61] defines 14 patterns of biophilic design
organized into Nature in the Space, Natural Analogues, and Nature of the Space Patterns.
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Another is the Biophilic Interior Design Matrix [62], which adopts and adapts Kellert’s
work to operationalize it for interior environments, in order to provide tangible and clearer
guidance for designers.

3.4. Experimental Biophilic Design Approaches

In addition to more traditional biophilic design, alternative approaches strive to
explore biophilic principles, ideas, and attributes in more experimental, even esoteric ways,
trying to grasp the essence of human experience of space and model it in line with biophilic
principles. Design, and architecture in particular, has been called a hybrid discipline,
relying and building upon different elements within science, technology, and art [63].
This is in direct conflict with many of the quantitative and linear approaches favored by
many researchers. Not all qualities of architectural space can be quantifiable and not all
qualities of our experience of space can be translated into rational language. The process of
developing space for designers and architects is that of an artist providing experience and
hopefully emotional attachment.

One of the foremost thinkers in experimental biophilic design is Juhani Pallasmaa, who
explores the art of building, elements of architectural experience, and meaningful spaces
that stimulate people and provide existential encounters. Key components of his work
include the experience of architecture through mental and physical frameworks which
shape our identity, attachment, and sense of place. He argues that the mental component
of experience has been widely neglected “in the field of architecture . . . where scientific
criteria or methods have mainly been applied in its technical, physical and material aspects,
whereas the mental realm has been left to individual artistic intuition” [63] (p. 4). He
hopes for neuroscience to provide a deeper understanding of the mental implications and
impacts of “the art of building”. Pallasmaa also argues that our architectural experience
is multi-sensory, and we experience architecture with our physical, emotional, mental,
and social bodies, and that environments have the potential to stimulate our imagination
and identity. Pallasmaa argues that the architectural attributes of hierarchies, information
richness, order and complexity, affection and attachment, attraction and beauty, reverence,
and spirituality [60], are all attributes that are also in biophilic design, and that they should
be studied following an artistic and scientific approach.

Some of the limitations of the adaptive and utilitarian approaches to nature–human
research may be addressed by Pallasmaa’s suggestion of a biological historicity approach.
This approach blends sense of place and biological and historical aspects of the place.
For example, sense of place as an attribute does not rely only on biological, geographical,
or natural features of the place but also on its historical layers, site-specific social devel-
opments, and cultural layers embedded in its core. These include historic and cultural
connections to place, the integration of culture and ecology, age, change, and the patina of
time [60]. Biophilic design addresses some of the gaps in adaptive and utilitarian research
by acknowledging these social and cultural dimensions of places. Pallasmaa calls this
a bio-psychological heritage, which—he argues—particularly influences the qualities of
refuge and prospect, which are key factors in the evolutionary approach to the benefits of
access to nature for humans [63]. Pallasmaa also connects biophilic attributes such as fear
and awe [60] to the pleasure principle, which understands our experience of space through
the dichotomy of pleasures and displeasures that drive our behavior and perception of
space. Combined, these experiential approaches to the experience of space and design have
the potential to create a more embodied and place-based understanding of the impact of
biophilic design and access to nature on our health well-being and sense of place, which
may help foster better nature–human connections, attachment, and a sustainable ethos.
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4. Mainstreaming Biophilic Design: Research, Design, and Practice

How cities can build resilience has become a major undertaking and priority. It
requires cities to address a variety of pressing global and local challenges through multi-
functional strategies, including climate change, community health, economic downturns,
and political uncertainty.

The integration of evidence-based research and design on nature and health has
already proved to be successful toward these long-term goals, but it requires a gen-
uine acknowledgement and a deep understanding of how it can be applied at different
scales. This is particularly true when attempting to align, in policy and practice, building-
level, neighborhood-level, or city-level initiatives with community resiliency or climate
change measures.

As a reminder, a taxonomy of biophilic elements can be identified at three main levels
(Table 1).

Table 1. Taxonomy of biophilic elements. Adapted from [64].

Scale of Biophilic Design Forms of Biophilic Elements
Taxonomy of Biophilic

Elements

Building scale

Green roofs, green walls,
shade trees, vegetation, and
natural elements inside and

around the building

Green roofs, green walls, shade
trees, vegetation, and natural

elements inside and around the
building

District and neighborhood
scales

Street trees, pocket parks,
orchards and community
gardens, business parks

Many installations,
small-medium in size,

restoration possible, high
technical and technological
requirements, public and

private properties

City scale City parks, urban forests,
urban agriculture, waterfronts

Few installations, large in size,
restoration possible, high

technical and technological
requirements, public land

The selected case studies demonstrate the application of research and design practices
on the benefits of nature in cities and will be followed by a discussion of limitations and
suggested next steps. The first two use biophilic design, while the third uses a more
socio-ecological approach to the benefits of nature. In order to support the relevance of a
multiscale design investigation and related knowledge transfer from research to practice
and policy, the implementation of “informed” biophilic design is illustrated in the following
sections describing a research study conducted in the City of London, which is focused
on biophilic implementation at different scales. The emphasis is on the value of biophilic
design principles for people and the lived environment in application at multiple scales for
regenerative design and community resilience.

By 2041, the population of London is forecasted to reach 10.3 million people, which
is an increase of 1.2 million people when compared with 2019 [65]. London is also one of
the greenest cities in the world [66]. All across London, a network of Royal Parks, pocket
gardens, planted roofs, rain gardens, living walls, urban forests, community gardens, and
street trees are greening the city, making its public spaces accessible, colorful, and vibrant
places to visit, live, and work.

This nature is a vital part of the complex organism of the city bringing benefits right
into the places where people work and live. Moreover, as London’s population grows, and
its neighborhoods experience more development, that will be more important than ever.

4.1. Building-Scale Applications: Living Lab at the Shard, London

With the growing research and interest focused on biophilic design, it is interesting to
look at buildings specifically designed and constructed as a model to highlight the biophilic
indoor attributes.
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DaeWha Kang Design has created an experimental work environment on the 12th
floor of the Shard, in London, that has the express purpose of measuring the impact of
biophilic design on worker wellness and productivity.

Working in collaboration with Mitie (the client) and Dr. Marcella Ucci (head of the
MSc in Health, Wellbeing and Sustainable Buildings at the University College of London),
the designers have designed a pilot study to measure the impact on employees through a
detailed post-occupancy evaluation.

Biophilia, as said, refers to human beings’ innate need for a connection with nature.
Human physiology is wired to seek qualities of light, view, material, and other factors
common in the natural world. This project comprises two spaces designed according to
those principles: a “Living Lab” that functions as an immersive work environment, and
two “Regeneration Pods” that provide short-term rest and meditation functions for the
Mitie employees.

The Living Lab is fully immersive, with rich and intricate patterns, natural materials,
and interactive dynamic lighting. The room gains privacy through bamboo screens that
wrap onto the ceiling above. The floor, desks, and task lights are also formed from different
shades and textures of bamboo, providing an organic language for the entire space. The
lighting in the room is circadian and linked to an astronomical clock—cool blue in the
morning, brilliant white in the afternoon, and fire-like orange as the day winds down. The
light softly breathes, very subtly shifting intensity in an almost imperceptible way, giving
additional dynamism to the experience.

In the study, Mitie employees worked at these desks for four weeks at a time, answer-
ing daily surveys about their comfort, satisfaction, and emotional response (Figure 1).

Figure 1. Post-occupancy evaluation at the Shard Living Lab in London. Photo by Kyungsub Shin,
with graphics by DaeWha Kang Design. Courtesy DaeWha Kang Design.

Then, they spent four weeks working in a control area on the same floor with similar
environmental conditions but without biophilic design, and their responses were compared
between the two spaces.

While studies have established the positive impact of daylight, natural materials, and
a direct visual connection with nature, aesthetic design also has a strong impact. The
bamboo screens strike a balance between the regular rhythm of structural ribs and the
variation and playfulness of discrete leaves that maintain a sense of transparency and
intricacy in the space. The leaves catch natural light but also diffuse embedded lighting
within the screen itself.

While the Living Lab creates a sense of enveloping enclosure toward the rest of the
office, it opens up toward the façade, providing long vistas and a strong connection to the
sky. The Shard has a high-tech aesthetic of glass and metal, and the warm bamboo palette
of the Living Lab establishes a strong counterpoint to that material language.
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Mitie is one of the leading outsourcing and facilities management companies in the
UK, and they have created a new “Connected Workspace” initiative that incorporates
sensor technology, big data, and machine learning to revolutionize the way their portfolio
of buildings is managed and maintained. The Living Lab was commissioned as part of the
health, wellness, and user-experience aspect of Connected Workspace.

Following biophilic principles, the desks are originally crafted from natural bamboo
and incorporate living plants directly into their workspace, and not only relevant tech-
nology. From a scientific point of view, achieving a meaningful experimental study on
the users requires adapting for confounding environmental factors between the lab space
and the control space, while on-desk sensors detect air quality, light levels, temperature,
and humidity. An access card reader identifies the users and allows them to activate the
task lights and charging strips, while an under-desk sensor records when they are actively
working at the desk. All of these data are collected in Mitie’s data lake and can be correlated
with the survey results.

Direct access to living nature is also shown to have a host of benefits, and planters are
organically integrated directly into the desks together with the task lights [67].

In the second section, the “Regeneration Pods” are once again constructed from bam-
boo, following Mitie’s mental health and wellness initiative, providing a tech-free space
for meditative moments within the workday. Similar to the “Living Lab”, the bamboo
construction provides a sense of shelter, while workers access the views outside. The routed
featherlike panels slot into the seventeen identical spines, with minimal cross support.
Upholstered seating is fitted within the spines, also with circadian LED lighting. Envi-
ronmental sensors—monitoring light, movement, humidity, and temperature—were also
integrated into the structures, making this an ambitious technical build for the architects
and team and a good example of research-based design (Figure 2).

Figure 2. The “Regeneration Pods” provide a sense of shelter while workers access the views outside.
Photo by Tom Donald for Aldworth James & Bond. Courtesy DaeWha Kang Design.

4.2. Scale Jumping: District- and City-Level Applications of Integrated Design and Research

Looking next to the city scale, the translation of biophilic design interventions for
human health and well-being, inspired and informed by research paradigms, is also found
in the larger City of London.

Working together, the Mayor, Natural England, major landowners, and the wider
business community, represented by Business Improvement Districts (BIDs), have recog-
nized the increasing importance of biophilic planning and design principles (Table 2) for
future-proofing the capital.

73



Sustainability 2021, 13, 4323

Table 2. Attributes of biophilic design. Adapted from [68].

Direct Experience of
Nature

Indirect Experience of Nature
Experience of Space and

Place

Light
Water

Vegetation
Animals

Weather Conditions
Natural Landscape

and Ecosystems
Fire

Images of Nature
Natural Materials

Natural Colors
Simulated Natural

Light and Air
Naturalistic Shapes

and Forms
Evoking Nature

Information Richness
Age, Change, and

Patina of Time
Natural Geometries Biomimicry

Prospect and
Refuge

Organized Complexity
Integration of Parts to Wholes

Transitional Spaces
Mobility and Wayfinding
Cultural and Ecological

Attachment to place

4.3. Urban Park-Scale Applications: Queen Elizabeth Olympic Park

The Queen Elizabeth Olympic Park is one of the largest urban parks (102 ha) created
in Western Europe for more than 150 years, which was designed by LDA Design in con-
junction with Hargreaves Associates (2012), to enrich and preserve the local environment
by restoring wetland habitats and planting native species of plants.

Its environmental features include the restoration of the River Lea, in the northern
section of the park, the habitat-creation strategy, and the park’s connection with its hin-
terland ecosystem. The landscape is dominated by native trees and flowering meadows
of designed plant communities (Figure 3). “Flowing schemes are not arbitrary but have
carefully thought-out shapes running through them: S-curves, lines of grasses, successive
waves of plants, rising up through the season, anchor plants with satellites and fuzzy edges
between one habitat and another” [69] (p. 24). Sensory and spatial variability, information
richness, and natural shapes and forms encourage exploration, fostering sense of place and
the human–nature relationship. Other elements and attributes of biophilic design include a
lighting scheme designed by Speirs + Major, integrating natural light and shadows with
filtered, diffused, or reflected light, all emphasizing spatial variability and harmony.

Figure 3. The European Garden at Queen Elizabeth Olympic Park, a distillation of the “meadow
aesthetic”: a visually dramatic, highly designed, and enhanced evocation of a wildflower meadow
(Nigel Dunnett and Sarah Price). Photo by Maria Beatrice Andreucci.
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4.4. District-Scale Applications: Greenwich Millennium Village

Greenwich Millennium Village (GMV) is a mixed-tenure modern development on
an urban village model, which is located on the Greenwich Peninsula, in Greenwich,
in southeast London, and it is part of the Millennium Communities Programme, under
English Partnerships. GMV was originally designed by visionary architect Ralph Erskine
as part of the regeneration of the whole brownfield site of East Greenwich Gas Works. The
whole district landscape considers wildlife in the design of the soft estate around the built
forms, through choice of species and inclusion of artificial refuges, in appropriate locations
and numbers.

In particular, the Ecology Park is an exemplar of biophilic and biodiverse design,
providing a significant boost to the value of the GMV in terms of exploration/discovery,
affection/attachment, security/protection, and attraction/beauty. An Ecology Park Centre
manages biodiverse areas of Southern Park as well as new habitats associated with future
developments (Figure 4).

Figure 4. The biophilic features of the Greenwich Peninsula Ecology Park has been playing an
important role in the area’s regeneration and community life since its creation in 2002. Photo by
Maria Beatrice Andreucci.

Greenwich Peninsula and GMV offer to residents and visitors alike multiple connec-
tions to place—i.e., historic (Maritime Greenwich heritage site), geographical (the Prime
Meridian of the world, Greenwich Mean Time, and the Observatory), cultural (colleges
and universities, artworks, museums, etc.), and ecological (Ecology Park)—fostering place-
based relationships.

4.5. Neighborhood-Scale Applications: The Barbican

The Barbican is Europe’s largest arts and conference complex, and it also includes a
significant residential community. It is a noted example of uncompromising modernist
architecture, built mostly in the 1970s. The original design aimed to create a self-contained
“urban village”, with the residential and public spaces separated completely from vehicle
traffic. Most of the landscape elements, including the water bodies, are “podium land-
scapes” or “landscapes above structure”: roof gardens and green roofs, with car parks, the
arts complex, and recreational facilities beneath [69]. In 2013, following re-waterproofing
of the roof gardens, the opportunity arose for completely new plantings to be installed. The
new design takes a radically different approach. The concept for The Barbican plantings
is to create continuous and successive waves of color over long periods of time through
orchestrating a series of dramatic color washes over the entire site, from spring through
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to late autumn, and then to finish off the year with a textural array of seeds heads, plant
structures, and foliage. Although the plantings are very diverse, at any one time, there
are only two or three plant species that create the main flowering display. However, these
species are repeated over the whole area, creating maximum impact. Planting in layers
allows for one set of plants growing up and through the preceding set of plants, leading to
a continuous succession. Naturalistic swathes of perennials and grasses are framed and
contained within clumps, groupings, and scatterings of multi-stemmed trees and shrubs to
give solidity and a three-dimensional framework throughout the year [69].

There is no precise planting plan for most of the species, but the proportion of each
species in a mixture is carefully considered, and the plants are placed within the planting
areas according to a set of rules and instructions aiming at replicating natural patterns and
processes. Plants that are adapted to extreme dry conditions often have gray or silvery
leaves (Figure 5), and there is a natural unity to plantings that comes from bringing plants
together from similar habitats [69].

Figure 5. The “shrub steppe” plantings at the Barbican combine mixes of perennials and grasses
to the steppe plantings, with additional low-density shrubs and multi-stemmed trees, to create
multi-layered plantings with year-round structure and interest. Photo by Maria Beatrice Andreucci.

4.6. Community-Scale Applications: Mudchute Park and Farm at the Isle of Dogs

The Mudchute Park and Farm was established by the local island community. Orig-
inally, it was a piece of derelict land created during the last century from the spoil of
construction from dredging Millwall Dock. For decades, Mudchute environmental fea-
tures, natural patterns, and processes remained untouched. However, in 1974, the site was
earmarked by the Greater London Council for the construction of a high-rise estate. The
resulting public campaign against these plans reflected the affection that local people, and
those working on the island, felt for the Mudchute. Their success secured it as the “People’s
Park” for the area. In 1977, the Mudchute Association was formed to preserve and develop
the area. Farm animals and horses were introduced, trees and plants were planted by
generous volunteers and corporate teams, and the educational benefits of the area were
also recognized. Local schools are encouraged to use the project to study the natural world
on their doorsteps (Figure 6). Since the establishment of the association, the Mudchute
has steadily built a reputation for providing place-based relationship and direct nature
experience through a variety of educational and leisure activities, on a London-wide basis.
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Figure 6. School children are encouraged to experience the “biophilia effect” at Mudchute Garden
and Farm. Photo by Maria Beatrice Andreucci.

4.7. Exploring Multi-Sensory Experiences through Experimental Biophilic Design: Olafur Eliasson
at Tate Modern

Attempts to humanize architecture through the exploration of issues such as multi-
sensory experiences and human perception, physical and psychological boundaries, the
role of imagination and empathy in space, and the pleasure principle can provide very
effective experiences of biophilic design in space.

One example is the practice and work of Olafur Eliasson, a Dutch–Islandic artist who
is fusing many disciplines into his explorations of the human–nature–built environment
nexus. Similar to many researchers who explore sense of place [70], he is concerned with
phenomenological experiences. Eliasson is an artist, but he could also be called an architect,
as many of his works are immersive environments with ephemeral spatial qualities that
question perception, trigger the senses, and create a feeling of temporary community
between people experiencing the environment (Figure 7).

Figure 7. (left) “Moss Wall” (1994), (middle) “Regenfenster” (1999), (right) “Your Blind Passenger”
(2010), artworks by Olafur Eliasson, exhibited at “In Real Life” exhibition, Tate Modern, 2019. Photos
by Jelena Brajković.
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Of relevance for biophilic design, his work contains many biophilic principles and
attributes, such as affection and attachment, attraction and beauty, and reverence and
spirituality. His spaces also include transitional spaces, a dynamic balance and tension, and
generally, almost all attributes outlined by Kellert in his principles of biophilic design [60].

4.8. Linking Resilience with Social Justice and Economic Revitalization: Learning from Chicago

Similar to many cities, Chicago faces environmental challenges linked to climate
change, such as increasingly hot summers and flooding from heavy rain and older stormwa-
ter systems [71]. After the heatwave of 1995, in which over 700 people died, many of them
low-income and people of color [72], Chicago has undertaken a series of initiatives to
increase the environmental and ecological resilience of the city. While some of these
initiatives—such as the beautification of key boulevards with seasonal flowers—were
more focused on economic neighborhood revitalization than ecological goals, many of the
initiatives combined urban greening with ecological resilience. Key initiatives include their
Building Green Matrix (now called Sustainability Development Matrix), which required
nature-based design choices for projects in select neighborhoods, extensive use of TIF
(tax incremental financing) at the district scale to incentivize sustainability, and urban
revitalization projects in both high-profile (Figure 8) and disadvantaged neighborhoods,
greening alleyways (Figure 9) that replaced pavement with permeable pavement, and their
signature green roof program, supported by their Sustainability Matrix, which led them to
be North American leaders in green roof implementation for over a decade [71,73,74].

These initiatives have been supported by larger policy plans, such as their 2015 Climate
Change Action Agenda, their stormwater management plans [75,76], and their nomination
as one of Rockefeller’s 100 Resilient Cities, and subsequent resilience plan [11,73,77,78].
These policy plans regularly cite evidence of benefits of nature from research programs,
which tend to use an adaptive and utilitarian paradigm. However, concerns about equity
have meant that they have needed to also address social and economic aspects of urban
nature. Chicago has also implemented a vacant lot revitalization and neighborhood
stabilization plan, as well as a creative re-use of an abandoned elevated railway into a linear
park, thus supporting active transportation that connects lower-income neighborhoods, in
the west of the city, with wealthier neighborhoods, closer to the lake, in the east [79–82].

Figure 8. Crown Fountain, an interactive work of public art and video sculpture featured in Chicago’s
Millennium Park, in the Loop community area. Designed by Catalan artist Jaume Plensa, it features
themes of dualism, light, and water. Photo by Maria Beatrice Andreucci.
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Figure 9. Resilient Corridor stormwater street-level feature, Chicago. Photo by Michael Berkshire.

Despite the leadership of a neighborhood association, the involvement of a non-profit
who did extensive stakeholder engagement, the inclusion of equity goals and artist’s work,
and the provision of a safe bikeway for active transportation, along a busy corridor, there
have still been complaints that the project has spurred gentrification and is potentially
displacing some of the more vulnerable residents in the eastern end of the 606 trail [83,84].
While this has been challenged by some groups involved in the project, who have claimed
that such a large investment is an easy target for larger-scale gentrification forces, it is still a
good example of the challenges of implementation for cities wishing to balance ecological,
social, and economic goals in urban greening projects. It is also a good example of the need
to include social and economic values into any discussion about ecological or regenerative
urban initiatives.

The City of Chicago is a good example of a new hybrid approach to urban greening
and is well aware of these challenges. For some of these projects, city administrators have
deliberately framed them as urban stabilization projects, instead of environmental projects
in economically distressed neighborhoods and have worked hard to ensure that their
work on resilience, and the resulting Resilient Chicago plan, define resilience as inclusive
and incorporate economic and social resilience into any environmental agenda [73,85].
One of the most innovative urban greening projects to come out of Chicago recently
balances ecological, social, and biophilic goals. It is an instructive case study on how to use
stakeholder engagement and collaboration to fill some of the gaps outlined above, which
are typical in nature–health research approaches, from adaptive and utilitarian paradigms.

In 2015, after Hurricane Sandy, there was a significant amount of funding available to
municipalities to address resilience and adaptation for extreme weather events. The City of
Chicago began to examine which areas in the city had a combination of the most vulnerable
populations and extreme weather, looking at sociodemographic data, health data, street
and basement flooding, and urban heat island areas, finding that many disadvantaged
neighborhoods, in the south and west of the city, suffered from extreme weather events as
well as health and economic disadvantages. Learning from their experience in previous
urban greening and environmental projects, they held a series of meeting organized by
a local non-governmental organization (NGO) to discuss where the biggest issues were
with the communities. They applied for funding for using green infrastructure, such
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as stormwater management, bioswales, green roofs, etc. as a strategy to address both
vulnerability and extreme weather issues with the funding. While their application in that
round was unsuccessful, in 2017, there was another found of disaster relief money called
the Community Development Block Grant (CDBG), which they repurposed the project for,
and they were successful. The City argued for using city-owned vacant land and turning
them into storm water management landscapes, similar to what the City of Philadelphia
had been doing [86,87].

The project builds on a 2008 stormwater ordinance that requires projects to keep half an
inch of rainwater on site or increase the permeability of the site by 15%—thereby reducing
both volume and rate of stormwater flow, which aligns with their Sustainability Matrix,
which awards points for exceeding the stormwater ordinance requirements [87]. The project
uses traditional green infrastructure strategies, such as permeable pavement, bioswales,
and rain gardens, in combination with large underground storage and filtering strategies
to drain stormwater from surrounding streets and alleys into these new landscapes, thus
getting water out of people’s basements. There are multiple linked parcels of land in
the project, including three corridors, ten distinct projects, and 23 formerly city-owned
vacant parcels, but the one with the strongest biophilic attributes is the parcel on 16th street
(Figure 9). Of particular interest for the implementation of ecological, biophilic, and equity
goals is the collaborative and ecological approach taken by the City. The City worked very
closely with community groups, whom the City had previous experience working with,
and who had the ability to help manage the projects. The City provided the community
groups with a list of possible plants but let the community groups chose the plants and
trees, and they collaborated extensively on the goals and design of the projects. The final
project combines a nursery, green roof on an affordable housing project, and a runnel
between the street and sidewalk, where the runoff will drain. The runnel blends big rock
outcroppings in a serpentine pattern that crosses over the runnel so that children going to
school can walk on the outcroppings and cross the runnel, mimicking a forest creek. The
combination of interacting water features, community engagement, and native plantings is
a good example of blending biophilic design with ecological and community-benefit goals.

The City collaborated with local neighborhood groups on a maintenance and stew-
ardship plan, which is often a weak point with urban greening projects, and even hired
locally for the installation [11]. They estimate that the entire Resilient Corridors project will
provide over half a million gallons of storage of rainwater, lowering the level of water in
the combined sewer area by 0.2 to 8.2 inches, and reducing the risk of basement flooding of
almost 600 buildings in the area [87]. The project won an American Society of Landscape
Architects (ASLA) award in 2018 [88]. While research on the outcomes of the project is
ongoing, initial responses from the community have been very positive, with one resident
commenting that she “couldn’t believe they were doing this for them, that they listened to
them, that they are getting exactly what they wanted, and that it is beautiful” [87] (p. 87).

5. Discussion

5.1. Understanding the Application of Research to Practice

The review of the two key paradigms underlying most research programs on nature
and human health highlighted the strengths and limitations of these initiatives, emphasiz-
ing their easy transfer to policy, due to their psychometric methods, but also their tendency
to miss socio-cultural and power dynamics of place. The conducted study also pointed to
the disconnect between the design and lived experience of place goals of biophilic design
and research programs used in policy as well as new directions in somatic experience of
place that can be used to connect urbanites to biophilic design.

The case studies exemplified the translation of research to practice, and the use of a
diversity of evidence in real-world contexts. The City of London case study represents
a good example of what kind of research can be applied to which context, supported by
several applications at different scales. The translation of research to practice at a building
scale could benefit from a critical analysis of which studies can be applied to the workplace
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and why, combined with an attention to biophilic design principles and a sense of place.
At a larger scale, urban parks, wetlands, and community gardens in London’s initiatives
can help achieve ambitious goals to green and re-wild the city for people and nature. These
implementations represent “an acknowledgement to how vitally urban lives are bound up
with and enriched by nature” [89]. The City of Chicago Resilient Cities project is equally
an innovative example of bridging research and practice while envisioning a more resilient
and just neighborhood through green infrastructure and biophilic design principles. It
blends known research on the benefits of access to nature and lived experience of place
with active and adaptive collaboration with community partners, so that the new “place”
is both ecologically and socially important to the community while addressing real climate
change and economic vulnerabilities.

The discussion below draws on the insights of the different research paradigms,
design practices, and case studies, aiming to provide key lessons learned that designers
and planners can apply to their practice.

5.1.1. Benefits of Nature in the Workplace

One of the outcomes of great interest to business and industry is the potential improve-
ment in human performance from access to nature in the workplace. However, biophilic
design, which translates research to practice, has been criticized for not linking specific
studies to specific design outcomes. One way to do this is to examine which studies address
the desired outcomes and then analyze if they can be applied to the context of the design
intervention. Multiple studies have shown improved task performance from access to
nature, which is measured often through cognitive tests and proxies for productivity. These
studies have been criticized, in turn, for not replicating the actual day-to-day tasks of office
workers, and there has been limited research done in situ for office workers.

However, the benefits of improved task performance from better concentration are
supported by multiple studies in nature [90,91]. These studies should not be used alone to
prove increased performance from biophilic design interventions, due to limitations in how
performance is measured, its applicability to different types of work and workplaces, and
a lack of research specifically looking at nature, performance, and the workplace. However,
if studies showing improved concentration from access to nature at multiple scales are
combined with other performance measures, at an individual and organizational level, such
as absenteeism, or commercial output—such as at the Living Lab at the London Shard—
they can provide a reasonable indication that design interventions that increase access to
nature for workers will likely lead to improved cognitive function and performance in
the workplace.

5.1.2. Biophilic Design and Mental Health

Getting out of buildings, into natural green space, walking, or forest bathing, has
long been recognized as beneficial and a prescribed option for general practitioners. Even
observing the ordered complexity of fractals, which are self-similar scales found within
nature, can reduce stress [92]. This is a key relief that is especially needed during Covid-19.

Covid-19 has highlighted the role of nature in mental health and socialization [6,7].
We have been forced to slow down and pay attention to nearby nature and value the role it
can play in our mental health and well-being. Urban parks, or the lack thereof, are making
headlines for their role in nurturing quarantined people’s mental and physical health [8].
Throughout the lockdown, governments, regional and city officials have recognized the
importance of space, from country parks, to city parks, urban green spaces, as vital for
physical and mental well-being.

The (re)discovery of the joy and refuge of nature, specifically local nature on doorsteps
and in backyard gardens, has led to newfound delight in fractal minutiae around us and a
slowing down of the pace of urban life. This slowed pace—at the core of neighborhood
projects such as The Barbican and GMV, in London—may be key to mainstreaming the
restorative benefits of nature.
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5.1.3. Biophilic Design and Connectedness to Nature: A Tool for Environmental
Behavior Change

This review proposes biophilic design as a possible framework or pathway to con-
necting humans with nature through design that encourages sensory contact, emotion,
meaning, beauty, and compassion, and which builds on the biophilic elements from Kellert.
This is aligned with calls to improve human–nature relationships as a way to address
our climate crisis and ecological separation [93], as well as research that has shown that
connectedness with nature is linked to pro-environmental behavior [32]. However, research
has also found that some elements of the human–nature relationship are not covered by
biophilic design and follow a more dominion-utility framework [94], or values [95]. The
research of Lumber, Richardson, and Sheffield [96] found that four of Kellert’s [39] values of
biophilia were unrelated to nature connectedness. These were fear of nature [97], dominion
over nature [98], the utilitarian use of nature [99], and a purely scientific relationship [31].
These types of relationship are often emphasized within capitalistic societies and can be
seen as essential pathways for human survival and progress that, unchecked, have led
to nature’s decline [100–103]. For transformative change, there is clearly an urgent need
for a new relationship with nature, yet these negative types of relationship with nature
still dominate [103]. Addressing these underlying values and perceptions will be essential
to creating effective biophilic design interventions as well as fostering a connection with
nature [104].

5.1.4. Connecting Biophilic Design with Environmental Justice, Health, and
Climate Change

At a global scale, climate change has been described as: “[ . . . ] the most serious threat
to global economic, social, and environmental stability in recorded history [ . . . ] with
many [ . . . ] prevalent human diseases linked to climate fluctuations” [105].

Authors [106] have argued that it is our destruction of natural habitats that helped the
current Covid-19 pandemic and that we can expect more zoonotic-originated diseases in
the future: “There is a single species that is responsible for the Covid-19 pandemic—us.
As with the climate and biodiversity crises, recent pandemics are a direct consequence of
human activity.” [106].

In figuring out how to address future global emergencies, such as climate change and
Covid-19, our relationship with nature, and in particular biophilic design, may be key for
improving sustainable behavior and, ultimately, our well-being. Rather than relying on
abstract universal ideas of nature to encourage sustainable behavior, using design and
policy at a building, neighborhood, and city scale to connect our daily lives with nature
may encourage connection, improve our health and well-being, and make action feel more
meaningful. Then, improving sustainable behavior might help address the current climate
and disease crisis. While inaction and business as usual has plagued climate change
policies, Covid-19 has exposed the connection between climate change and infectious
disease, with those who have been exposed to air pollution dying at a higher rate [5]. This
direct and personal connection between climate change and health may prove to be more
effective in shifting policy and practice around climate change.

From a health perspective, this may require a shift from risk reduction and the treat-
ment of illnesses to biophilic research and practice that embraces salutogenic thinking, i.e.,
the medical concept [107] that encourages a focus on factors that improve and support
human health and well-being, rather than on factors that reduce illness [108]. With the
health and well-being of humans intrinsically linked to the health and well-being of the
planetary ecosystems, the combination of biophilic and salutogenic design approaches may
provide a more holistic framework to link ecosystem, human, and non-human dimensions.
Considering that, at a building scale, research attention has tended to focus on threats to
health, a more holistic way of thinking would also be useful to foster health-promoting
environments [109].
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5.1.5. Looking Forward: Engaging with Nature and Fostering a
Systems-Thinking Approach

Engaging with nature necessitates a mindset focused on developing the capacity and
capability for systems evolution. It is not about a sustainability that maintains what it
is—or is attempting to restore something to what it was by only reducing impacts. Rather,
it is about creating systems (places, buildings, communities, organizations) that have
the capacity to evolve and regenerate toward states of health that thrive over time. The
understanding of our position on the planet has a crucial role in building the awareness for
regenerative sustainability.

On a larger scale, an emerging trend is the Bio-Leadership, i.e., a concept of an ecosys-
tem made of people and projects transforming leadership by working with nature [110].
Within the design and policy world, the concept switches from a mechanistic perspective
(where the world is seen to function as a machine), to a natural fluid approach. This
framework has been used to describe the hoped-for next era of our relationship with the
environment. This new way of envisioning the nature–human relationship in design and
policy aims to nurture a co-evolving mutuality [111] and may provide hope for both a
more equitable and regenerative future. If combined with work on equitable access to
nature, along with evidence on the benefits of access to nature at multiple scales, this
large-scale application of biophilic principles can play a part in restoring both human and
ecological health.

6. Conclusions

Humans’ disconnection with nature has already negatively impacted mental and
physical health. Buildings today are often designed, constructed, and operated apart
from nature, rather than as a part of nature. Over the last thirty years (since Brundtlandt,
1987) [112], sustainability in design and construction has been a core element in the built
environment, and yet climate and biodiversity indicators have worsened, while the impact
of building design and practice on health conditions is increasingly researched but still
remains opaque. Evidence from the last forty years has shown that contact with nature in
general can improve human health, but there are gaps in the application at different scales
and a lack of understanding of which research to apply to which situation.

Conversely, biophilic design is growing in popularity, but it still suffers from a lack
of specificity on research outcomes and variables. There is a tendency for it is to be
dismissed from many design circles as “nice to have but dispensable” versus an effective
intervention to improve health and performance. The research on nature and health to
date supports many of the biophilic design attributes outlined above; however, in practice,
biophilic design is often limited to a few variables, which limits its application in design
practice. Furthermore, there is still much that is not known about the potential benefits
of biophilic design interventions, individually and as a whole. This gap has not been
overcome by the confusion of green design interventions in green buildings and green
infrastructure over the last few decades, which may or may not have had any link to
evidence-based or biophilic design. It is also complicated by the differing underlying
paradigms in nature and health research and design: research that examines nature as a
linear input with an expected outcome does not align well with the more philosophical
sense of place and lived experience goals of biophilic design. Drawing on some experiences
developed in experimental biophilic design, it may help to bridge some of the gaps in
traditional nature–health research and address the nuances and complexities of the holistic
lived experience, as connected to nature or biophilic design projects. Connecting to sense
of place, historicity, and embodied experience in biophilic design may soften some of
the criticisms of the adaptive and utilitarian approaches to nature–health research while
creating design solutions that work for real people in real contexts.

Lastly, there is still a need to provide a synthesis with respect to the available knowl-
edge about the relationship between nature design and policy interventions, natural sys-
tems, and health. This seems to be confirmed by the growing demand from policy makers.

83



Sustainability 2021, 13, 4323

For instance, in the “Urban green spaces: brief for action”, which was published recently,
the World Health Organization [113] emphasized the need for a change in urban health
initiatives with a strong focus on the creation, promotion, and maintenance of green spaces,
with an explicit call for expert advice. How this expertise is developed is a current gap in
both education and practice.

The discussion above argues that understanding the strengths and limitations of the
most influential research on health and nature can help it support and align with biophilic
design at multiple scales. This knowledge can result in a more effective and holistic
understanding of how nature can be incorporated into our buildings, neighborhoods, and
cities. Critically combining research on health and nature with biophilic design principles
may also provide a more holistic and just approach to connecting us with nature and
encouraging sustainable behavior. This can further support regenerative policy and action.
As we look to life with and after Covid-19, the shape of the future built environment
remains unknown, but it provides an opportunity for re-evaluation and new insights about
our human, natural, and built environment relationships.
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Abstract: The impacts of problems related to dense, unplanned, and irregular urbanization on
the natural environment, urban areas, and humankind have been discussed in many disciplines
for decades. Because of the circular relationship between humans and their environment, human
health and psychology have become both agents and patients in interactions with nature. The
field of ecopsychology investigates within this reciprocal context the relationship between human
psychology and ecological issues and the roles of human psychology and society in environmental
problems based on deteriorated nature–human relationships in urbanized areas. This approach
has given rise to ecotherapy, which takes a systemic approach to repairing this disturbed nature–
human relationship. This study aims to uncover the relationship between the physical attributes of
urban green areas and their potential for providing ecotherapy service to users, first by determining
the characteristics of ecotherapeutic urban space and urban green areas given in studies in the
ecopsychology and ecotherapy literature, and then by conducting a case study in two urban parks
from the Beylikdüzü District of the Istanbul Metropolitan Area. The impacts of these parks’ changing
physical characteristics on user experiences are determined through a comparison of their physical
attributes and the user experiences related to their ecotherapy services.

Keywords: greening cities; urban design; ecopsychology; ecotherapy

1. Introduction

There has always been a bidirectional relationship between humankind and its envi-
ronment. While humanity changes the environment based on its needs, the environment
has in turn played an essential role in human evolution and development. Urban areas are
one of the best examples of anthropogenic impacts on the environment. Such places are
structured based on human needs and lifestyles under the influence of other anthropogenic
factors such as industrialization, population growth, migration, development levels, and
national policies. The phenomena born of these factors, such as rapid and distorted ur-
banization, have negatively affected natural areas and resources, leading to the creation
of problematic and substandard urban areas. Moreover, the establishment of unplanned
urban areas has resulted in both direct and indirect harm upon their inhabitants [1].

The indirect impacts of these areas are felt mostly in the natural environments that
provide vital services for human life, resulting in shortages of environmental resources, the
destruction of necessary ecosystems, the loss of biodiversity, and rises in global warming
and pollution [2]. The direct impacts involve the damage caused by these urban areas to
people’s physical and mental health, e.g., diseases that can spread quickly in dense urban
areas with poor physical conditions and a lack of infrastructure [3–8], lifestyle-related
illnesses [3,4,6,9,10] resulting from the lack of physical activity and unhealthy dietary

Sustainability 2021, 13, 4600. https://doi.org/10.3390/su13094600 https://www.mdpi.com/journal/sustainability89



Sustainability 2021, 13, 4600

habits and food provision in some urban areas, afflictions related to exposure to urban
pollution [3–6,8,9], and, lastly, mental issues caused by urban features such as the lack of
social infrastructure [11], poor physical conditions, pollution [3,4,8,11–13], high population
densities, and overcrowding [3,4,8,12,13].

The role of environmental sciences in solving the problems above has become more
prominent; however, world ecosystems and human populations are still facing constant
ecological issues. Considering the importance of individual behavior and awareness, there
is a need for systemic (and comprehensive) approaches and solutions in terms of the
reconstruction of individuals’ relationship with nature and the environment. In this way
the outputs of the social sciences examining human–nature relationships may offer valuable
inputs for the urban planning and design disciplines. Environmental psychology stands
out for this purpose, as it has been examining since the 1960s the bidirectional relationship
between humans and the environment, its focus ranging from the physical and social
effects of urban space to the impacts of natural areas on human psychology. Moreover,
discussions on sustainability have included the claim that environmental psychology has
evolved as a “psychology of sustainability” [14].

First coined by Theodore Roszak in 1992, ecopsychology has helped to develop
environmental awareness and change behavior toward ecological problems through ex-
amination of the relationship between the environmental issues and human spiritual or
psychological ones. Roszak argued that human activities and economic systems have
changed, detailing the harmful effects of this changing activity and economic order on
the ecosystem. Roszak noted that disconnection from nature and other people due to
urbanization both increases negative impacts on the environment and deepens psycho-
logical problems [15]. To this end, the field examines the roles of human psychology and
society in environmental issues within the framework of the deteriorated nature–human
relationship [16].

In his treatment of the relationship between people and the environment, Scull posited
a more experiential role for ecopsychology in theory and practice, asserting that many
things can be learned through contact with nature [16]. This approach is speculative,
philosophical, and theoretical, preparing a basis for the reconstruction of the nature–
human relationship with a new language and model; it may also have a role to play
in environmental protection and in solving human psychological problems through the
adoption of practices such as environmental activism and ecotherapy.

At this point, it is clear that ecopsychology offers a solution to the problems of ur-
banization and urban areas based on the individual’s perspective of and connectedness to
nature (CNS). In addition to Scull’s approach, through which strong ties are established to
fields such as deep ecology and environmental activism, ecotherapy studies have intro-
duced a systemic therapy method for repairing the disturbed nature–human relationship.
Clinebell defined ecotherapy as “recovery and growth with a healthy relationship with
the world” [17], using it as an inclusive term in the context of nature-based physical and
psychological recovery methods. This approach to ecotherapy deals with psychotherapy
and psychiatry in the context of nature and nature–human relationships. Clinebell labeled
ecological deterioration the most profound health issue of all time owing to the vital role of
ecosystems in the continuity of our kind and offered as a solution to this problem the raising
of awareness about lifestyles through ecotherapy and early childhood eco-education [17].

Ecotherapy thus may offer a help to solve environmental problems and the psycho-
logical issues caused by disconnection from nature. Ecotherapeutic studies are based on a
three-phased process: (1) acknowledgment of the healing presence of nature, (2) recogni-
tion of more-than-human experiences and self-relocation in the natural world, and (3) the
sharing of this experience with other people and involvement in activities that care for the
planet [17]. Ecotherapy is the name given to a wide range of programs aiming to improve
mental and physical health through activities in natural areas and connection to nature.
These activities include working in or experiencing nature [18]. However, the fulfillment
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of this reconnection is conditional on spending time and being active in natural areas and
making these activities a part of daily life.

It is thus essential to be in nature and understand that being a part of the ecosystem is
vital to solving both physical and mental health problems as well as to help the environ-
mental crisis. Accordingly, ecotherapy helps people to recognize nature, appreciate it more,
and be respectful to the earth. The necessity of addressing this approach through spatial
studies has arisen from an emphasis on the importance of natural areas and spending time
in nature, as issues related to disconnection from nature occur most frequently in urban
spaces where natural areas and elements are scarce. Natural areas and urban greeneries
have been subjects for examination in environmental disciplines for many decades because
of their services to humans, their recreational functions, and their importance to urban
quality and ecosystems [19,20]. Studies have investigated the benefits of these qualities for
mental and physical health, in particular, their role in encouraging people to do physical
exercise [21,22]. However, apart from their impacts on overall health, spatial studies have
focused on the role of ecopsychology and ecotherapy to help people to be aware of envi-
ronmental problems. For this purpose, it is helpful to understand their therapy functions
for citizens in addition to their impacts on the quality of urban areas. The design of urban
green spaces should be reviewed based on the features of therapeutic environments that
create environmentally conscious individuals who can address the source of their health
problems and environmental problems.

This study aims to reveal the relationship between the physical attributes of the urban
green areas and their potential for providing ecotherapy service to citizens. The first section
contains a brief explanation of the aspects of ecotherapeutic environments, determining
the characteristics of ecotherapeutic urban spaces and urban green areas through an
examination of the benefits obtained from green or natural places, their effects on human
psychology, the attributes of therapeutic areas, and the types of therapeutic activities.
These have been classified by discourse analysis in accordance with their contribution to
the urban design process. In determining the attributions above, literature research was
conducted in the Scopus’ database in August 2019. A total of 249 papers were found in the
database with the “ecopsychology” keyword and 57 with the “ecotherapy” keyword. Out
of these articles, those related to psychology, social sciences, and environmental sciences
were filtered, and 37 articles remained to be examined. The findings of this literature review
were presented in detail at the 28th Symposium of Urban Design and Implementations and
published as an article in the Design+Theory Journal in Turkish [1].

The second part of the study examines two parks from the Beylikdüzü District of
the Istanbul Metropolitan Area in order to compare the impressions of the results ob-
tained from a literature review of space and user experience. This comparison is twofold:
(1) physical characteristics and (2) user experience. The physical characteristics of the
parks are analyzed and presented via several maps, satellite images, diagrams and pictures.
Data concerning user experience were obtained through a survey conducted with the
users of these parks. This study adds to the ecopsychology literature by evaluating the
ecotherapeutic benefits of green spaces and how these differ according to the urban design
principles adopted when designing the spaces. In addition to highlighting the ecological
and recreational benefits of urban green spaces, this study provides guidance for planning
and designing green areas with improved ecotherapeutic features that may further enhance
the psychological health and environmental awareness of city residents.

2. Characteristics of Ecotherapeutic Environment

The characteristics of ecotherapeutic environments and their effects on human psy-
chology can be evaluated according to ecotherapeutic activities, type, benefits and features
of ecotherapeutic environments. Ecotherapeutic activities are examined within two cate-
gories: working in nature and experiencing nature. Working in nature includes various
athletic activities defined as the green and blue gym [23–29], the most significant of which
is walking [23–26,30–35]. Apart from athletics, this group comprises activities such as
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meditation/therapy [23,25,28,33,34,36,37], art [28,38,39], and production in/with nature
(frequently gardening and horticulture) [36,38]. Experiencing nature involves spending
time observing and listening in nature [23,26,28–30,32,36,38]. Activities from both groups
can be conducted in natural areas to obtain ecotherapy services, and an understanding
of these activities allows designers to provide proper facilities or places to citizens in
these areas.

The types of ecotherapeutic environments are grouped according to their location
in inner, peripheral, and outer urban areas. Ecotherapeutic areas located on the outer
and peripheral parts of an urban area include various natural areas and landscapes, of
which forests [23,24,30,31,40–43] and wilderness areas [23,25,32,36,44,45] are the most
prominent types. Ecotherapeutic areas located in inner urban areas include many
public and private green areas; urban parks [24–26,30–33,36,38,41–43,46,47] and private
gardens [23,26,36,43,48–50] are the most prominent examples of this type. These results
reveal the need for natural spaces and urban greeneries in the urban texture because of
their ecotherapy benefits. Moreover, they underline the importance of providing and
protecting these areas both within and outside of the urban texture. Knowledge of the
types of ecotherapeutic areas can help planners and designers consider these areas in their
spatial decisions.

The benefits of therapeutic environments on human psychology comprise two cate-
gories: (1) mental and emotional benefits and (2) advancement in self-placement and per-
ception. The most prominent mental and emotional benefits are relaxation [24,26,27,36,51],
improvement in attention [24,28,30,34,39,41,48,52], concentration [26,31,34,53], and
mood [23,26,29,34,48,51], and declines in stress [23,24,26,28–31,33,34,36,43,48,51,52], anxi-
ety, depression [25,28,30,33,39,48], and anger [39,41]; better self-esteem is the most promi-
nent manifestation of advancement in self-placement and perception [25–28,34,39,48,54].
These results demonstrate that spending time in natural areas helps people to cope with
mental problems and gains importance in tandem with the growing negative impacts of
urban areas on human mental health. Ecotherapy services increase the quality of life of
citizens. Recognizing these benefits offers a new perspective for urban studies and design
practices, especially in terms of designing cities and their green areas in a way that will
provide ecotherapy services.

The features of ecotherapeutic areas, which can serve as the most directing outputs
to environmental designers, are grouped into the categories of accessibility and size, de-
sign features, the fauna of therapeutic areas, and the sensations the areas create. First, as
mentioned above, spending time in nature daily is essential in the provision of ecotherapy
services. So the accessibility [34,36], inner circulation [39], and size [36,55] of these areas
should be suitable for the daily use of citizens in their activities. The second group, design
features, includes subgroups such as vegetation and natural elements, facilities and furni-
ture, physical environmental control (daylight, wind, etc.), inner view and perception, and
relationship with surrounding urban space. Vegetation and natural elements consists of
the existence of landscapes and green areas with trees [29,30,32,36,45,55], bushes [26,30,55],
grass [55], and flowers [24], and their type [30], density [31,42,56], and diversity [42,50]. Nat-
ural and artificial water elements [24,26,30,32,36,41,45] are evaluated under this subgroup.
The facilities and furniture subgroup involves, rather than specific facility or furniture
types, the compatibility of the furniture materials [26,55] with the natural characteristics of
the area. It also includes certain exercise equipment [26] that encourages people to be more
active. The inner view and perception subgroup comprises the necessity of structuring
depth, complexity, enclosure, and vegetation density, each in a well-balanced manner,
allowing for open views and remote landscapes [42,56]. Moreover, the visual relationship
between ecotherapeutic areas and urban texture is a critical part of providing pristine and
more natural perception [36,50] in an area. Consequently, it is better to obscure visibility
of the urban pattern from ecotherapeutic areas [56] and increase the visibility of these
areas from urban spaces [45,50] through regulations such as those that limit the number of
floors in new buildings, lower urban density around green spaces [32,57], and create mild
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transitions from parks to urban areas [56]. Additionally, the presence of fauna enhances the
natural image of the area, and encounters with wild animals and hearing animal sounds
(bird sound, etc.) increase therapy service [26,29,31,41,45,53]. Lastly, ecotherapeutic ar-
eas create sensations helpful in obtaining therapy services such as peacefulness [41,58],
quiet [26], solitude, distance [55], aesthetic pleasure [26], beauty [26,41], and fascination [35].
In order to obtain ecotherapy services as they are defined, people require the presence of
sensations that oppose those endemic to dense urban areas such as overcrowding, noise
pollution, etc. Natural elements and characteristics have thus become prominent in the
design of therapeutic areas.

3. Method

The methodology of the study was twofold: examining the spatial characteristics
of selected urban parks and examining the change of user experience according to the
features of the parks. For the spatial examination of selected parks, the characteristics
of the surrounding urban fabric and demographic structure of the population they serve
were kept constant for the purpose of comparing their internal characteristics and the
relationships they established with the surrounding urban fabric. Accordingly, two parks
located close to each other were selected for the examination. The study also compared
the different features of these two parks, such as type, size, form, design, and vegetation.
A detailed examination of vegetation was conducted for this study with the help of site
observation, 28 videos and 691 photographs that have geo-positioning data.

In order to evaluate user experience, a survey was conducted in the selected urban
parks (Table S1). The first section of the survey contained a scale measurement of “connect-
edness to nature” to gauge individuals’ effective and experiential connection to nature [59].
The scale was developed for the empirical studies on the basis of Leopold’s claim that
the environmental awareness depends on the feeling of belonging to the wider natural
world [60]. Dependently, CNS included 14 questions about one’s perspective of being
a member of the natural world, feeling a sense of kinship with it, seeing themselves as
belonging to the natural world as much as it belongs to them, and considering that their
welfare depends on the welfare of natural world [59]. It was developed as a 5-point Likert
scale, and scores were calculated as a mean value of the answers. CNS was selected, first,
to seek out a relationship between the frequency of time spent in selected urban parks and
consciousness about the value of the natural environment, and, second, to determine a
relationship between the user profile regarding connectedness to nature and ecotherapy
service. An understanding of user profile relation to environmental issues and connected-
ness to nature was essential in revealing whether or not the ecotherapy service provided
by the city parks was available regardless of the user profile and ecological consciousness.

The second section of the survey consisted of 5-point Likert scales and open-ended
questions about the features, activities, and feelings highlighted in ecopsychology and
ecotherapy literature. The section made inquiries concerning types of activities, the ad-
equateness of the parks for users, the impact of park characteristics on park preference,
satisfaction with park characteristics, the influence of interior and exterior features or
factors on the natural image of the parks, the relationship with the surrounding urban area,
and the emotions/mental states that participants experienced during park use.

The survey was conducted in two selected parks at the same time, on four days from
12–15 September 2020 (two days during the week and two days on the weekend) from
8 a.m. to 8 p.m. Participants were chosen randomly within the two parks. The researchers
first introduced themselves, informed the participant about the study, and the participant’s
consent was obtained for conducting the survey. A total of 90 subjects (49 male, 41 female)
participated in the survey, 45 from each park. As the data on the total daily users of the
park were unavailable, the decision on minimum sample size was based on the Central
Limit Theorem, which defines the accurate sample size as more than 30. Besides, according
to the calculations made on the population of the neighborhoods surrounding the parks,
the ideal sample size was found to be 96 people, yet the sample was limited to 90 people in
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total because the proposed park users did not volunteer to participate in the survey during
the pandemic.

4. Case Study

The history of the Istanbul Metropolitan Area goes back to the ancient settlements of
7–8 thousand years ago. It is a city that later became the capital city of important empires
such as the Byzantine and Ottoman. The most important period of time that changed
the face of the city took place in the Republic period. With the industrialization process,
migration from rural to urban areas and rapid urbanization have taken place since the
1950s; the city has begun to sprawl and lose the important natural and green areas [61,62].
The development direction of the city shifted from the east–west direction to the north
where the forests and other natural areas are rich, after the construction of the bridges over
the Bosporus. In addition, due to the increased accessibility and uncontrolled urbanization,
the historical core has become denser in time [62]. Today, with its diverse cultural and
historical layers and over 15 million inhabitants, Istanbul is the biggest metropolitan area
of Turkey [63]. Beylikdüzü District, where selected urban parks are located, is a newly
urbanized settlement in comparison to the history of the city. Urban development of the
district was pioneered by the housing cooperatives in 1990s [64]. This district was selected
for the case study due to the presence of green areas of various sizes and shapes in the
similar urban pattern, for an accurate comparison.

In the case study, two parks were selected to help gauge the relationship between
spatial features and user experience. The first of these parks is a linear park system
consisting of the Fatih Sultan Mehmet (FSM) and Mehmet Akif Ersoy (MAE) Woods, and
the other is the Municipality Park (Figure 1).

Figure 1. (a) Location of the Beylikdüzü District in Istanbul; (b) Location of selected parks in Beylikdüzü District; (c) Location
of parks (Figure is produces by researchers. Source: Yandex Maps Satellite Image, date: 15 May 2018, accessed on
15 December 2020 [65]).

Spatial Analysis/Characteristics of Fatih Sultan Mehmet (FSM) and Mehmet Akif Ersoy (MAE)
Woods and Municipality Park

The FSM and MAE Woods are located between a street and a residential dwelling
unit. The total length of the park system is 702 m, and its width varies from 16 to 25 m (see
Figure 2). It has a surface area of 15,000 square meters. On the other hand, Municipality
Park, located at the eastern end of the MAE Woods, is a vaguely triangular-shaped park
285 m in length and with a 14,107 square meter surface area. The park is adjacent to an
urban square designed for pedestrian passage above the E-5 highway (Figure 2).
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Figure 2. Land uses and no. of building floors in the surrounding urban area (reproduced by researchers from the
Municipality Base Map [66]).

These parks and the surrounding urban area have a nearly flat topography, which
provides easy access and mobility for pedestrians. The land uses of the surrounding urban
area consist mostly of highly populated and gated residential dwelling units and a few
large facilities such as mosques, schools, and malls. While of the number of floors in
facilities like schools and mosques varies from one to six, nearby residential buildings
generally have a higher number, ranging from four to 16 (Figure 2).

While the vegetation of both parks consists mainly of evergreen trees such as the
Lawson cypress, palm tree, and nut, black, and Tenasserim pine, there are some deciduous
trees such as the common ash, Norway maple, horse chestnut, acacia and plum. As shown
in Figure 3, crown closure of the canopy is very high due to the density of the trees in
both parks. Because of the prominence of evergreens, these parks have a very closed and
forest-like atmosphere in every season (Figure 3).

The distribution of trees and bushes shows that all sections have different characteris-
tics. The bushes and shrubs were evaluated based on density and length (Figure 4). Sparse
and short in other sections, bushes and shrubs are dense in the FSM Wood (Figure 5). In
the Municipality Park, there is a high plant variety in both trees and bushes, with three
vegetation layers consisting of the tallest pine trees at the top, various deciduous trees of
relatively shorter height in the middle, and various bushes, shrubs and annual wild plants
on the floor. Along the eastern border, the park is separated from the road by a wall of
Lawson cypresses. On the western edge, various other tall and medium-height bushes
and shrubs act as separators. The density of bushes and shrubs becomes higher and more
irregular in the inner part of the park and decreases in the southern region (Figure 6). There
are no planted flowers, grass-covered surfaces, or wide-open spaces in either of the parks.
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Figure 3. Satellite image of the parks showing the crown closure (Source: Google Earth Satellite Image, date: 08 December
2020, accessed on 08 April 2021 [67]).

Figure 4. Height and density of trees, bushes, and shrubs.
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Figure 5. Height and density of trees, bushes, and shrubs in the FSM and MAE Woods (reproduced by researchers based on
the Municipality Base Map [66]).

Figure 6. Height and density of trees, bushes, and shrubs in Municipality Park (reproduced by researchers based on the
Municipality Base Map [66]).

In regard to the facilities and fixed furniture, the parks house various common urban
furniture and sports facilities. Most of the sports facilities are located in Municipality Park,
with one such area in the FSM Wood. The walking/running tracks, paved with rubber,
mainly run along the main circulation routes of the parks.
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By and large, the parks’ sports facilities and areas where seating elements are clustered
function as focal points (Figures 7–9). Decorative ponds also create an attraction point with
their surrounding seating elements (Figure 9). Most of the circulation lines serve as land-
scape vistas that consist of tunnel-like views of plantation, especially in Municipality Park
due to the vegetation density (Figure 10). Examination of the visibility of the surrounding
urban pattern determined that due to the high density of trees, building visibilities are
similar in both parks. However, the impacts of nearby roads are higher in the FSM and
MAE Woods, as their sparse bushes and shrubs, especially between sidewalks and woods,
do not create a strong barrier between the park and the surrounding urban area, and their
width does not allow for any great distance from adjacent roads (Figure 11).

Figure 7. Activity points and axes in the FSM and MAE Woods (reproduced by researchers based on
the Municipality Base Map [66]).

Figure 8. Activity points and axes in Municipality Park (reproduced by researchers based on the
Municipality Base Map [66]).
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Figure 9. Sports facilities in Municipality Park (left) and pond in the MAE Wood (right).

Figure 10. Landscape vistas from Municipality Park (left) and Woods (right).

Figure 11. Road visibility from Woods (left) and Municipality Park (right).

Overall, because of its size and shape, Municipality Park has a different structure
and characteristics from FSM and MAE Woods, which allows for more plantation and
facilitations. On one hand, with its sports facilities and long walking tracks, Municipality
Park attracts people who want to be (physically) active. On the other hand, in the Woods,
people are mostly passing through or resting, which is expected when its length and shape
as a linear park are considered. Moreover, the varying vegetation types and densities of
these differently shaped parks affect their exposure to the urban view and the impacts of
the adjacent road. These data comprised the base for the investigation of changes in user
experience, especially in terms of ecotherapy service.

5. Findings and Discussion

The participants from the FSM and MAE Woods consisted of 21 males and 24 females
ranging in age from 18 to 75; the participants from Municipality Park consisted of 28 males
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and 17 females ranging in age from 18 to 76. The average participant age was 42.5 in the
Woods and 33.7 in Municipality Park. There were 11 students and 11 retired people in the
FSM and MAE Woods’ sample, with other participants occupied as medical technician,
salesman, beautician, cashier, architect, accountant, teacher and so on. In Municipality
Park there were 19 students, with other participants occupying varying professions such as
homemaker, retired, machine engineer, biologist, and accountant.

5.1. Correlations of Connectedness to Nature and Other Scales

The average CNS scores of each park were almost the same, with 4.1 out of 5 points in
the FSM and MAE Woods and 4.06 out of 5 in Municipality Park. User connectedness to na-
ture was thus similar in both parks. Such close CNS values for the two parks demonstrated
a constant user profile essential for understanding the relationship between ecotherapy
service and park features.

A Spearman’s rho correlation analysis for each park was conducted in SPSS among
all scales of the survey study, such as the time (A) and frequency (B) of park usage, the
number of activities conducted in these parks (C), impacts of design characteristics on
park preference (closeness to home, size, physical environment, facilities and furniture
and vegetation) (D), satisfaction with design characteristics (E), the impacts of natural
elements (F) and urban texture on the park’s natural appearance (G), and emotions/mental
states (H) related to ecotherapy service. The results of the survey demonstrated a moderate
correlation between CNS and the variable frequency of park usage (B) (rs = 0.470, p < 0.05),
number of activities conducted in the parks (C) (rs = 0.473, p < 0.01), impacts of design
characteristics on park preference (D) (rs = 0.419, p < 0.01), impacts of natural elements
on the park’s natural appearance (F) (r s= 0.404, p < 0.01) and emotions/mental state (H)
(rs = 0.550, p < 0.01). As seen above, it was clear that the CNS score of the participant was
moderately related to certain features of the park. In Municipality Park, only satisfaction
with design characteristics and emotions/mental states were significant; however, they
displayed shallow correlation values (rs = 0.376, p < 0.05 and rs = 0.386, p < 0.01). Because
of the bidirectional relationship between emotional/mental states and CNS score, it was
unclear whether those more connected to nature receiveed slightly higher ecotherapy
services, or those receiving greater ecotherapy services had an increased connection to
nature. However, the data proved a clear relationship between the ecotherapy service and
connectedness to nature, which the ecopsychology approach has put forward as a solution
to the problem of separation from nature in the urban space.

Besides CNS, another correlation analysis was conducted to reveal the relationship
between other scales of the survey. For the FSM and MAE Woods, the frequency of
use increased with the age of the participants (rs = 0.452, p < 0.01), the years of service
(rs = 0.506, p < 0.01), and the effect of park features such as closeness to home, size, physical
environment, facilities and furniture and vegetation, on park choice (rs = 0.449, p < 0.01).
However, it also detected a negative correlation (rs = −0.530, p < 0.01) between the number
of activities the participants performed and their satisfaction with the suitability of the park
for these activities, when the number of participant activities increased, their satisfaction
decreased. This result, however, was to be expected upon consideration of the limited
facilities in the FSM and MAE Woods. Lastly, emotional services were correlated with
participant years of use (rs = 0.309, p < 0.05), their age (rs = 0.409, p < 0.01) and satisfaction
with design characteristics (rs = 0.450, p < 0.01). For Municipality Park, frequency of
use correlated solely with the impact of park features on park choice (rs = 0.396, p < 0.01).
Moreover, the emotional experience related to ecotherapy service within the park correlated
with the CNS score (rs = 0.386, p < 001) and satisfaction with the interior characteristics of
the park (rs = 0.539, p < 0.01).

These results revealed that users who preferred either park due to factors such as prox-
imity to home, size, and adequacy and compatibility of equipment were using them more
frequently. Therefore, in cases where frequent use is intended, parks should be designed in
such a way that they are accessible and suitable in size for users, with appropriate facilities,
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ideally tuned physical environmental conditions, and adequate planting. Moreover, be-
cause the negative correlation between number of activities and park satisfaction in the
FSM and MAE Woods was not observed in Municipality Park, the former can be assumed
to provide more limited opportunities for therapeutic activities than the latter.

5.2. Park Usage and Ecotherapeutic Activities

The survey put out more descriptive results in addition to the correlation analysis
of the scales. Participants were first asked if they used another park anywhere in the city
and, if so, what the purpose of that use was. The survey also inquired whether there
were other places in İstanbul that made them feel more connected to and integrated with
nature and, if so, the reasons for these feelings. A total of 79% of the participants preferred
the parks in the Beylikdüzü District, while 21% preferred parks located mostly along
the Bosporus coasts for their social activities and spaces, sports activities, and walking
pathways; others preferred these parks for their natural appearance, vegetation density,
available grass for sitting, and closeness to home or work. The concentration of the selected
parks in the Beylikdüzü District showed the importance of proximity in park preference.
Moreover, social and sports activities and natural appearance were essential criteria in
park preference.

Affirmative answers to the second question about the places where participants feel
truly in nature and integrated with nature demonstrated an expected preference for the
natural areas of Istanbul over the inner city parks; the reasons most often given included
natural characteristics of these areas (58%), such as natural appearance, tree and vegetation
density, natural landscapes such as sea and rural views, as well as emotional responses
(43%) such as satisfaction with the quiet, peacefulness, and being away from the city. While
the presence of people, social activities, and sports were essential criteria for park usage;
the presence of people and the visibility of urban patterns were negative factors in the
feeling of connectedness to nature, and green areas were not enough to provide this feeling
in their current state. Responses about the types of preferred areas and the reasons for
such preferences corresponded to findings in ecotherapy literature, which indicated that
these features should be evaluated in design decisions in order to increase the natural
appearance and therapy service of urban parks.

Participants were also asked whether they would engage in 15 given activities (see
Figure 12) in these parks, nine of which fell under the working in/with nature group, and
five of which were taken from the experiencing nature group. Additionally, the survey
inquired, on a 5-point Likert scale, about the level of sufficiency of the park for these
activities. In the FSM and MAE Woods, the most frequent activities were sitting/resting
for a short time, sitting, walking, and passing through. The park’s highest suitability rating
(mean value) was for passing through, sitting, and walking (Figure 12). In Municipality
Park, the most frequent activities were sports, walking, sitting, sitting/resting for a short
time, and passing through. The highest sufficiency ratings belonged to passing through
and running (Figure 12). The average number of activities was close in both parks; however,
the parks differed in terms of activity groups. While the number of participants choosing
activities in the experiencing nature group was similar in both parks, 27 more participants
chose activities in the working in/with nature group in the Municipality Park because of
the sports facilities located on the site. Consequently, users of Municipality Park spent their
time more actively than those of the FSM and MAE Woods. These results indicated that
the provision of such sports spaces and equipment can encourage people to be active.
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Figure 12. Comparison of ecotherapeutic activities in the FSM and MAE Woods and Municipality
Park (number of people and mean values of satisfaction).

5.3. Park Characteristics, Image of Naturalness and Ecotherapeutic Experiences

Analysis of the impacts of park features on the park preferences of participants
indicated that “closeness to home” had the lowest value for each park, with a mean score
of 4.1 points. However, while the scores of Municipality Park were higher than those
of the Woods in the categories of sufficient size for use, adequate physical environment
(sunlight, fresh air, etc.), and sufficient vegetation, they were lower in the categories of
sufficient facilities and furniture value (Figure 13). The findings indicated that both parks
were similar in terms of preference due to their closeness to users’ homes. However, size,
physical environment, and vegetation had a greater impact on a preference for Municipality
Park. Still, its sports equipment and furniture were evaluated as insufficient compared
to that of the FSM and MAE Woods. It was expected that users of FSM and MAE Woods
would be satisfied by the numerous seating elements, but the number of facilities and
furniture, consisting of mostly sports equipment and a few seating elements, were not
sufficient for users in Municipality Park.

Inquiries concerning the interior characteristics and appearance of the parks attempted
to gauge participants’ ease of mobility and finding their bearings, ability to be alone and in
nature and feel distant from the urban center, and the sufficiency and suitability of facilities,
furniture, pavements, and water elements. The results indicated that FSM and MAE Woods
had higher scores than Municipality Park for all statements, with the exception of “I feel
away from urban area” (Figure 14). Moreover, the results of the “I feel away from urban
area” statement demonstrated that both parks were affected by the urban pattern. However,
this impact was higher in the FSM and MAE Woods.

102



Sustainability 2021, 13, 4600

Figure 13. Impact of park features on user preference scores (mean values).

Figure 14. Satisfaction with interior characteristics and appearance (the red line indicates the neutral
score of the Likert scale, the threshold of satisfaction and dissatisfaction).

In addition to these statements, participants were asked two open-ended questions,
the first of which concerned the elements that might interrupt the natural appearance of the
parks (Figure 15). The answers revealed that 80% of the park users thought that there was
nothing interrupting the natural appearance of both parks. However, others responded
that, in both parks, certain facilities and furniture were not compatible with the parks’
natural appearance.
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Figure 15. Answers to the question “What are the inner features that interrupt the natural appearance
of the park?” (number of people and percentage).

The second open-ended question concerned the exterior factors that interrupted
the parks’ natural appearance. In Municipality Park, 21 (47%) participants responded
“nothing”. However, others mentioned factors such as crowds, building visibility, noise
from the roads, garbage, and dust. In the FSM and MAE Woods, 32 (71%) people mentioned
noise from the roads. A total of 20% of participants also gave answers such as building
visibility, garbage, crowds, car visibility, and lack of maintenance (Figure 16). These answers
indicated that most of the negative factors were similar in both parks; however, noise from
the roads was a severe problem in the FSM and MAE Woods. Additionally, a juxtaposition
of the third and fourth statements of the previous question (Figure 14), which referred to
the feeling of being “in nature”, with the answers of the two open-ended questions aided
in understanding the relationship between the feeling of being “in nature” and the interior
and exterior features that respondents felt interrupted the parks’ natural appearance. Of
the 32 people, 25 who gave three or fewer points to the third (I can stay alone and be in
nature) and/or fourth (I feel away from urban area) statements also mentioned an interior
element and/or exterior factor that broke the natural appearance of Municipality Park
(Figure 17); 30 of 34 respondents in the FSM and MAE Woods did the same. These findings
demonstrated that the parks’ interior elements and exterior factors affected the feeling of
being in nature and the natural appearance of the parks and should be evaluated in the
design process.

Figure 16. Answers to the question “What are the exterior factors that interrupt the natural appear-
ance of the park?” (number of people and percentage).
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Figure 17. Ratio of people who gave a 3 or below score to the third (I can stay alone and be in nature)
and/or fourth (I feel away from urban area) statements and also mentioned an inner and/or outer
negative impact on the natural appearance of the park.

The other part of the survey study included seven statements about the impacts of
vegetation, one statement on the effect of the amount of paved surfaces in the parks, and
three statements about the effects of the urban pattern on the parks’ natural appearance.
Both parks had almost equal mean scores in the first four questions (Figure 18). However,
while participants in the FSM and MAE Woods recorded higher positive views on the
effects of the presence of bushes and shrubs on the park’s natural appearance, those in
Municipality Park responded that the impact of the volume and order (wild-like) of bushes
and shrubs had a positive effect on the park’s association with nature. Based on similarities
in the parks’ vegetation types and order and the number of trees shown in the spatial
analyses, the two parks had similar values for the impact of these elements on their natural
appearance. However, considering the difference in bush and shrub density in the parks,
high values were expected for the impact of bushes and shrubs on the natural appearance
of Municipality Park, which has a higher density of this type of vegetation.

The questions about the impact of the urban pattern concerned the effects of building
visibility, the number of building floors, and road noise and car visibility. The impacts
of building visibility and number of floors had slightly higher values in Municipality
Park, while the impacts of road noise and car visibility had higher values in the FSM and
MAE Woods (Figure 18). Both parks were similar in the perceived impacts of building
visibility; however, the FSM and MAE Woods were more affected by the surrounding roads.
Considering the similarities in the surrounding urban pattern for both parks, the reason
for this difference may lie in the parks’ vegetation. Both parks have a similar tree pattern,
consisting of pine trees with bare stems and high crowns that function to block the view of
surrounding buildings; nevertheless, they do not diminish park goers’ views of adjacent
roads. The two parks, however, vary significantly in shrub density. Municipality Park,
which is adjacent to a highway, received a lower score than the FSM and MAE Woods
because of its dense bush and shrub vegetation, which served to better block the view
of the road. This difference indicated that the presence of vegetation contributed to the
perception of naturalness by acting as a visual barrier separating the park from the city.
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Figure 18. Impacts of the vegetation, paved surfaces, and urban pattern on nature-like appearance of
parks (mean values).

After this evaluation of urban impact, participants were asked to point out which parts
of the park seemed more natural than others and the reasons for their opinion. In the FSM
and MAE Woods 72% made their selection for reasons related to vegetation and natural
characteristics, 13% for atmosphere (quiet, silent, isolated), and a few for reasons related
to water elements and design. In Municipality Park, 29 (64%) people selected the inner
part of the park and the middle walking track due to the density and variety of vegetation,
forest-like and wild-like views, quiet environment, and low building visibility. A total of
79% of the answers were related to vegetation and natural characteristics, while others
were based on water elements, emotions, and design. These answers were in line with the
literature concerning the features of ecotherapeutic environments, including vegetation
density, water elements, and feelings such as quiet, isolation, silence and the urban visibility
for both parks. Based on this concordance, it was clear that both parks have elements and
features that provide ecotherapy service.

Participants were then asked to point out the part of the parks they liked the most. In
FSM and MAE Woods, 15 (33%) people selected the MAE Wood due to its dense vegetation,
size, and the breezy, isolated, and quiet environment. Moreover, the ponds (due to the
dense vegetation and sound of water), sports facilities in FSM Woods and the whole park
system (due to the length of the park, which allows long walking) were indicated by some
other participants. In Municipality Park, 13 people (29%) selected the sports facilities and
the park’s quiet, breezy and open environment. Eight selected the northern inner part due
to its vegetation density and quiet atmosphere, and five chose the northern sports facilities
for their quiet, breezy, and open atmosphere.

Analysis of the answers to these two questions indicated no severe shift between the
responses for the first and second questions in the FSM and MAE Woods (Figure 19). Most
of the selected parts remained the same in both questions for similar reasons. However, in
Municipality Park, there was a contrast between the parts that people saw as more natural
and the parts they liked, the principal cause of which was the park’s sports facilities and
activities (Figure 19). These results indicated that the FSM and MAE Woods were favored
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for their natural characteristics and comfortable environment. However, Municipality Park
has different features that provide more than just natural views. Moreover, because of the
importance of exercise for both a healthy lifestyle and ecotherapy service, this park has
the potential to offer more varied ecotherapeutic activities. All these results were in line
with the previous ones regarding park preference, which indicated that Municipality Park
stood out because of its available sports activities, illustrating the critical role of facilities
that provide opportunities for these activities in park preference and enjoyment.

Figure 19. Themes for why respondents preferred different parts of the parks and which ones they
regarded as more nature-like.

Finally, participants were asked about the shift in their emotions and mental states
when they spent time in the parks. All of the participants confirmed that spending time
in these parks improved their mental status. While the differences were small, the values
of Municipality Park were found to be slightly higher (Figure 20). These results can be
interpreted as both parks being capable of providing an environment where users could
experience emotions related to ecotherapy.

In addition to the evaluations, several participants commented on their wishes or
mental situations without being asked. These comments were valuable due to the presence
of such sentiments in the ecopsychology and ecotherapy studies about the effects of
ecotherapy on mental states and emotions.

• My self-esteem increases when I spend time here (FSM).
• This park is the place where I can ask questions and find answers (MAE).
• I’m discharging (MAE).
• Whenever I feel suffocated, I come here (MAE).
• This park is a therapy area (MAE).
• Parks need to be accessible and ubiquitous (MAE).
• There should be areas like this all over the city (MP).
• I’d love to see animals like squirrels (MP).
• It should look pristine (MP).
• This park is like my home (MP).
• It is much more pleasant and beautiful to exercise in the greenery here than in the

indoor fitness hall (MP).
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Figure 20. Experience scores of emotions/mental states related to ecotherapy service.

These statements demonstrated that people were experiencing the benefits of ecother-
apy service; they also showed the role of the parks’ spatial features in providing this service.

6. Conclusions

In today’s world, many problems have arisen, dependent on the form of urbanization
and the nature of urban areas; these problems not only cause environmental problems by
affecting natural areas but also negatively affect the health and psychology of citizens in
urban areas. The ecopsychology approach, which seeks a solution to these issues in the re-
establishment of a relationship with nature, notes the role of the ecotherapy service obtained
through spending time in natural areas and defines the main features of therapeutic spaces.
As mentioned before, Istanbul lost its valuable natural lands and urban green areas as
a result of rapid urban growth and densification that started in 1950s. Besides the loss
of natural areas, ecotherapy services cannot be provided in these unplanned and dense
urban areas due to the lack of green spaces. In this manner, protecting both natural and
urban green areas from uncontrolled and rapid urban growth should be considered due
to their immanent values, the ecosystem services they provide and ecotherapy potentials
for citizens.

Within the scope of this study, the spatial and functional characteristics of ecotherapy
service were evaluated through two parks selected from the Istanbul Metropolitan area.
The evaluation was made primarily by comparing the spatial characteristics and user
experiences of these two parks with the aim of measuring the effects of different spatial
features on experiences and activities related to ecotherapy service, as well as discussing
the contributions of the characteristics that can increase the ecotherapy service potential
of urban green areas in the urban design processes. The findings of the study parallel
the descriptions of therapeutic spaces made by ecopsychology and ecotherapy literature
in terms of the effects on the users’ connectedness to nature, obtaining therapy services,
and the natural perception of parks. The importance of creating more natural landscapes
underlined by the ecotherapy literature was demonstrated by the high scores on the
experience of emotions/mental states associated with ecotherapy service in both parks.
Hence, the ecotherapeutic effect of the space can be increased by creating a dense and wild

108



Sustainability 2021, 13, 4600

appearance in the urban green areas or by preserving and enriching the existing vegetation
as it is. At the same time, both natural features and criteria such as calmness and silence
contribute to naturalness and influence the user preferences of the parks. Similarly, findings
concerning the effect of different spatial features, the type and appearance of facilities, and
the visual and auditory relationship established with the city based on the perception of
naturalness show that the therapeutic potential of a park can be increased when these
features and relationships are adequately designed. It is possible to obtain more natural,
calm, quiet and isolated spaces by using vegetation both to cut off the relationship of the
park with the city and to reduce the urban effect, and to separate different functions (sports
areas, seating areas, etc.) in the park. In addition to spatial features, the provision of space
and equipment for therapeutic activities is influential in the choice and enjoyment of the
park while at the same time encouraging people to engage in an active lifestyle.

To conclude, in accordance with the contributions of ecopsychology and ecotherapy
studies to design processes, both the physical and psychological health of urban citizens
can be increased, and environmental problems may be solved through the transformation
of individuals. For further research in this direction, more spatial studies and design
examples taken up from this perspective are needed to assess the contributions of the
ecopsychology discipline.
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Abstract: Through a dialectical approach, building a thesis, an antithesis and a synthesis, our goal
in this article is to discuss the implementation of the Parque Augusta, in the center of São Paulo,
Brazil. For years, an organized social movement struggled with the municipality and real estate
developers for the protection of the park and its green area. The demanded and desired park,
collectively designed and managed, physically structured on the principles of the nature-based
solutions (NBS), should represent a victory. However, in a capitalist urban space, the future park
has already been appropriated in the real estate market to enhance development values and to
increase the density of its environs with the construction of new skyscrapers. In a city tagging its
climate actions using NBS concepts, the project in implementation by the municipality has fewer
NBS elements than the co-designed with citizens participation. Here we present the narratives of the
park creation and some indicators about its appropriation, based on land use and real estate market
prices. The theoretical critical perspective was fundamental to reveal the contradictions within the
park construction, called attention to the consideration of the surrounding area in greening projects
and promoted a synthesis towards the universalization of the right to nature in the city.

Keywords: Parque Augusta; nature-based solutions; social movements; appropriation of nature;
green gentrification; right to nature

1. Introduction

The city, one of the greatest human achievements, an artifact par excellence, and an
apparent denial of nature, becomes the main place for observing a new relationship be-
tween society and nature. Nature, as ideas, metaphors, metonymies, objects, amenities,
realm, body, organism, among several possible interpretations, already reified and incor-
porated into social life throughout history, is now being (re)produced, (re)incorporated
or (re)introduced, in scale, in the cities, through greening or renaturing urban projects,
as green-blue infrastructures [1], ecosystem services [2], or nature-based solutions [3–6].
The prefix ‘re’ is used here to stress the dialectical and the historical content in these new
forms of (re)connection between city and nature [7–9]. This (re)valuation of nature in the
city can be read, in a critical and dialectical way, as a possibility for a radical transformation
of the urban space, towards the production of resilient towns [10], adapted to climate
change and sustainable [11] in its existence and at the ordinary level of the everyday life.
Nevertheless, the spaces of nature in the cities are, as well, an open arena for contradictions
and appropriations of collective resources, demands and desires [12].

Since our main goal is to produce a right to nature in the city [13], founded upon
social equity, spatial/environmental justice and just sustainability [14–16], through the
construction of spaces of nature in our cities, related with nature-based solutions, it is still
important to reveal some contradictions presented in the production of urban space [17].

If in the commonsense nature is opposed to culture and history [18,19], and conse-
quently to the city [20], on the other side, there is a long tradition, especially within the
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dialectic’s approaches [21–29] to understand nature also as a product of a long human
history due to its incorporation into the social life. Fulfilled with ideologies, sentiments and
expectations, the evolution of the ideas and concepts of nature [30,31], reveled and devel-
opment by everyday life practices and techniques, shows possibilities to understand the
role of nature the material-immaterial human production [32–34].

In this article, we investigated the history of the conception, creation and implementa-
tion of Parque Augusta, in the center of São Paulo/Brazil, after an intense dispute between
real estate developers and a social movement, with the municipality trying to mediate the
conflict [35]. The idea of this park, nourished by the residents and the civil society, demon-
strates the importance of popular participation in the discussion and production of spaces
of nature in the city, since the space is now protected, due to its green area. The vegetation
was the key natural element to safeguard the park and include it in the green area system
of the city, as a green space and public green infrastructure. During years of collaboration
inside the movement, organized in 2013, a citizen’s plan, co-created, co-designed and
self-managed was produced after consulting residents, users and scholars [36]. In this plan,
the park has a clear connection with the concept of the NBS, even if it was not defined as
a nature-based solution (NBS). The ideas, design, concepts and infrastructures presented
in this space, that remains as close as possible to nature, guaranteeing aspects such as
permeability of urban soil to retain and purify water, indicate that the lack of the NBS
concept does not invalidate the interpretation and use of the park and its content as a NBS.

However, there were several conflicts in the history of the Parque Augusta, not pro-
duced by the social movement or by the citizen’s park proposal, but by the other agents
in the production of urban space, such as the real estate developers and the municipal
government [37]. The contradictions resulting from the clashes between possibilities of
economic growth, environmental security and social equity are materialized in the urban
landscape [38]. The commodification of the green spaces [39] and the appropriation of the
successful results of the social movement fight and efforts [40] show that the economic
sphere is still unbalancing the idea of sustainability.

It is important to mention that we do not intend to make an academic appropriation
of the social movement struggles or to present a superficial and negative critique about
the population participation in movements demanding greening projects and protecting
spaces of nature in the cities. Our proposal is to build a critical reading showing how
the real estate agents appropriate the achievements of these movements, to increase the
values of estate developments. In the case of Parque Augusta, the area of the park is
now safeguarded, but not its surroundings, which have no protective measures to avoid
speculation and densification around the park. Unfortunately, contradictorily to the vision
and desires of the collective movement, the park is being used in the real estate market,
increasing housing and rental prices, creating an economic-based selection of who can live
around the park. Understanding and revealing these processes are, in our perspective,
fundamental to building a socially equal, greener and sustainable urban space [41].

2. Notes about the Method

The use of a dialectical approach could serve as an alert to future movements and
contributes to raising awareness about the importance to include in the debate the sur-
roundings of parks, green areas, NBS, and other definitions and concepts for environmental
amenities and produced urban natural spaces, in an attempt to avoid speculation, displace-
ment and spatial selectivity. In this way, considering the contradictions and a wider spatial
idea about the natural spaces (beyond the objects in themselves) can contribute to uncover
possible negative aspects of greening projects, and improve the universalization of the
right to nature in the city.

The epistemological construction of the idea to support the conceptualization about the
production of nature was built within the domain of dialectical knowledge [25]. Recently,
the idea of a produced nature expands from the territory of dialectical studies and is
reaching a broader audience [42–44]. Additionally, it has been gaining form, shape and
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application with the conception and acceptance of the nature-based solutions (NBS) [45,46],
which are infrastructures built by society to mimic and reproduce the functioning nature,
to offer ecosystem services and solve urban environmental problems.

The incorporation of the NBS in urban and environmental plans overcomes the idea
that, in the city, nature is no longer an antithesis of socially produced space. On the
contrary, it is an ally and a ‘Work’ [31] incorporated into the very existence and survival
of the city. The Lefebvrian conceptualization of ‘Work’ and ‘Product’ can provide an
important contribution in the necessity of upscaling the NBS. While a ‘Work’ is fulfilled with
uniqueness and it is genuine and authentic in its own existence and meaning, the ‘Product’
is the result of mass production, an object easily reproduced. In our idea, the NBS should
be conceived and implemented as a ‘Work’, when the object (the infrastructure, the plan)
tries to capture the uniqueness of nature and becomes an intrinsic and undissociated part
of the city, materializing the universality of natural cycles with local particularities and
singularities of nature. However, we need to be cautions, because the NBS can also become
a ‘Product’, when incorporated into the mass/industrial production, reproducing the
same solution (infrastructure/plan) without taking consideration the singularities and
particularities of places and local nature.

In our critical approach [47,48], we cannot fail to reflect on the fact that the social
production of nature in the city happens within the capitalist logic of production of space.
In this direction, it is central to produce a careful and strong critical analysis to expose
commonplaces, contradictions, and examine the burdens and benefits (who pays and who
receives) of policies, plans and projects, in the direction to overrule individualism and
egoism, in the name of ‘eternal prosperity and supreme happiness’ [47] (p. 101). A critical
way of thinking, that incorporates the dialectical sphere in the discussion about nature-
based solutions, demands to consider possible appropriations of NBS by the real estate
market or the uneven access to the benefits of greening and renaturing projects, creating an
unfair distribution of natural spaces among high and low-income citizens. In this text,
we will seek to bring, in a dialectical tradition:

- A thesis, based in the analysis of the successful history of an urban park implementa-
tion, understood as a NBS, after several years of strong and combative actions of a
social movement;

- An antithesis, to confront the results of the social demand for a park with its appropri-
ation by the real estate market;

- The synthesis, where we can combine the two sides of the process (the production
and the appropriation of the NBS), to transcend the contradictions, and, in our goal,
to promote a universal right to nature in the city.

The association of the nature-based solutions and the promotion of the right to nature
in the city [18] brings the urgency to consider the production and incorporation of nature
in the urban space, as well as the relationships between its use and appropriation [49,50].
While some can effectively enjoy the benefits of living with nature, others (the poorest,
more vulnerable, marginalized) end up being left out of the advantages, having to face
nature as a problem (diseases, risks, dangers, etc.) [41]. The clashes between classes,
communities, the winners and losers, the upper and lower-income residents, represent
some conflicts that is fundamental to take into consideration when implementing a NBS.
Revealing the contradictions and conflicts can bring light to the problems and make
possible to solve and overcome the uneven access to nature and promote a real collective
emancipation [26], inherent in the conception of the production and use of nature to
safeguard and ensure urban life. Green spaces, the green-blue infrastructures, the NBS and
other forms that natural spaces are taking shape cannot become a product or a commodity
just for individual satisfaction [13,14,26], where the incorporation and appropriation of
nature is other marketing strategy [39,51].
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2.1. Presenting the Study Area

Our time presents a visible clash between a consumerist and a sustainable culture,
where cities and nature are in the center of this disputed arena, and both cultures, contra-
dictory, were created and coexist in the sphere of the capitalist society. This fundamental
characteristic of the present is the path to follow and build our dialectical analysis about
the process that resulted in the creation and implementation of the Parque (Park) Augusta,
in the central district of São Paulo, Brazil (Figure 1).

 
Figure 1. Parque Augusta in the city center of São Paulo (December/2020). Credits: Baumgartner.

It was a long and strong battle for an environmentally important and economically val-
orized urban land, with several U-turns in an emotional rollercoaster story. With 24,000 m2

the area contains one of the last reminiscences of Atlantic Rain Forest (Figure 2) in the heart
of the most populous city in the Southern Hemisphere and of the World.

 
Figure 2. Landscape of the Parque Augusta (December/2020). Credits: Baumgartner.

The chronology of the disputed area shows an organized social movement in one side
and real estate agents on the other, with the municipal government trying to intermediate
the conflict (Table 1).

Several legal protections did not prevent the attempts of real estate developers to cut
down the vegetation and build skyscrapers in the area. Just the intense participation the
population throughout a self-organized movement succeeded to create the urban park,
what was conceived, in their project with the principles of a nature-based solution in a
densely built-up area of the city. Since 2020, for the municipality, the park is part of the
system of green urban parks of the city, which is officially planed and managed has a
nature-based solution [52].
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Table 1. The chronology of the Parque Augusta. Credits: Baumgartner; [35].

Year Event

1969 The schools which occupied the land were closed
1970 The area was declared of public interest by the municipality
1975 The municipality did not pay the compensation and the land was divided in two

lots: 7000 m2 with public interest and 17,000 m2 for buildings projects
1986 Without any construction, the area was declared Environmental Monument
1996 Both lots were sold
2002 The first project for a park was designed
2004 The area is declared a Special Environmental Protection Zone
2012 The lots were sold again to two real estate developers to build 3 skyscrapers
2013 The social movement occupied the area and opened a park. The municipality

approved a park. The owners had removed the occupants and closed the land
2015 The developers projected 3 towers. The area with public interest was reopened,

occupied and closed again. A negotiation began.
2016 With the area closed, it was declared a Special Environmental Protected Zone
2017 Conciliation hearings: the owners sold the land to the municipality
2019 After 20 months, the deal was signed
2020 Beginning of the park construction
2021 The park remains closed

2.2. Methodology

The research design focused on the production of authorial examination of published
documents and data; direct observation in the field; research about land and housing prices;
and the dialectical construction of our discussion and results (Figure 3). The methodology
is more qualitative than quantitative. For Brazil, since the last census with data at the
individuals and house units’ levels is from 2010, it is difficult to get an actual picture
about, for example, the characteristics of the population living around the park (age,
income or educational level, occupation, etc.) that will be important to support, statistically,
the discussion about some of the themes such as exclusionary displacements [53,54],
amongst others.

Figure 3. The research design. Credits: Baumgartner.

To overcome the lack of detailed data, we collected official general data to characterize
the case study from the Brazilian Institute of Geography and Statistics [55] and Seade
Foundation [56]; and legislation [57] and plans produced by the municipality about the
park, such as the urban zoning map [58]. The data about the real estate market in the area
around the park was important to visualize how the developers are appropriating the
park in their strategies to produce a property value gain. The prices for housing purchase
and the features of the estates were researched via real estate websites and the marketing
material of the new developments [59–61]. The data we present about the price of housing
unities available in the market is representing examples but are not statistically connected
with all available unities for the city.

The qualitative research procedures, such as the topologic-morphologic analysis of
the landscape, the analysis of marketing strategies for new developments in the area
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around the park and the data about the current prices in the real estate market produced
some indicators about the profile of the desirable new residents and users for the park
surroundings. The field trips also allowed the identification of possible spaces for new
developments, increasing the already dense use of the area, visiting the new developments
in the area. Due to the situation of the COVID-19 pandemic in Brazil and the sanitary
protocols, we did not carry out interviews and inquiries with the local population, users,
real estate customers and agents, government representatives, etc.

In May and December/2020, we carried out fieldworks to cartograph and identify
the land use of lots and buildings in the immediate perimeter surrounding the Parque
Augusta to confirm, or not, the appropriation of nature and the potentialities for a green
gentrification process [12,38]. At that phase of the research, by direct observation, we cata-
loged 43 units with different typologies (individual and townhouses, multistory buildings,
parking lots) and uses (residential, commercial, educational and institutional) around
the park. Amongst these units, 17 are old, new (3) or under construction (1) residential
buildings (some with commercial use on the ground floor), ranging from 10 to 33 stories;
2 are commercial buildings (from 8 to 29 stories); 1 is the campus of a private university;
1 hosts a police station; 2 are closed and unused parking lots; 16 are lower constructions
(1 or 2 floors) with commercial or residential use (Figure 4). Amongst them, 6 are closed
and without apparent use; 1 is for sale; 2 where demolished before December/2020 for
the construction of a new residential building; 1 building in construction with 3 floors and
mixes commercial and residential use.

  
(a) (b) 

  

(c) (d) 

Figure 4. Aspects of the built environment around the park in December/2020. (a) A house for sale
in front of the park (400 m2, BRL 8,550,000 or BRL 21,375 per m2); (b) the historical protected house
was sold in an auction in 2018, but still has no use; (c) lower buildings at Rua Augusta. Just the first
one is considered a historical monument and it is protected against demolition; (d) a closed parking
lot, a potential area for new developments. Credits: Baumgartner.

Finally, before starting our explanation of this important victory of the social mobi-
lization in favor of the Parque Augusta, it is important to clarify that this is an external
study of the social movement (Movimento Parque Augusta), since we did not participate in
the collective that demanded and proposed the park. Movimento Parque Augusta (Move-
ment Augusta Park) is a self-organized social movement formed by three groups Aliados
do Parque Augusta (Augusta Park Allies), Parque Augusta sem Prédios (Augusta Park
without buildings) and Organismo Parque Augusta—OPA (Organism Augusta Park).
OPA has the most extensive documented references about the history of the movement,
including the production of two issues of a journal. Our analysis is based on the vast
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number of detailed documents, videos and social media texts that have been produced
and organized, since 2013, by the movement [36,62–66]. We also checked for newspapers
reports and news [37,40,67,68]; academic texts published in journals [69,70]; and social
media [71,72].

3. Results and Discussions

3.1. The Thesis: The Action of The Social Movement for the Creation of Parque Augusta and its
Institutionalization as a NBS

In 2013, emerged an organized social movement around the claim of the area located
between Augusta, Caio Prado and Marquês de Paranaguá streets and the Catholic Univer-
sity property, for the creation of an urban park. In the past, the area was occupied by two
primary and secondary education institutions, and part of a university campus. After the
demolition of the internal buildings, the land was used as a parking lot, for circus tent and
as a space for shows [69,73,74]. The land was divided in two lots, where one was of public
interest declared by the municipality. This dual ownership was the cause of the intense
dispute about the area. Even though the area was already protected, in 2012, two real estate
developing corporations decided to build three high residential towers in the area, or four
smaller ones, or even a shopping mall [75].

Although other social efforts demanded the implementation of the Parque Augusta
prior to the Parque Augusta Movement, it was this group that successful accomplished the
task and have a well-documented history [62–66]. The movement was organized through
festivals, meetings and other events, where participants with different backgrounds (res-
idents, activists, scholars, artists) and expertise (traditional, academic or non-academic
knowledge) were congregated in support for the maintenance of the space and its vegeta-
tion, located in the gray and highly dense center of São Paulo. The goals of the movement
were the preservation of local vegetation, maintaining the land as a permeable space,
contributing to the infiltration of rainwater and control of flooding, and the creation of
a citizen’s designed, self-organized and managed public park. These goals show the
awareness of the social movement about what would later be defined as a NBS. The group
defined itself as ‘self-managed, horizontal and heterogeneous’, achieved a great impact in
media coverage, with a large repercussion and mobilization of public opinion about the
importance of the area and the vegetation of the Parque Augusta for the discussions about
the production of the city and the right to the city [76].

In 2013, the first year of the published actions of the movement, the documents show
an internal concern of the group in relation to the subject of gentrification [63]. A debate
about the theme was promoted by the journalistic project Architecture of Gentrification [77].
Nevertheless, this first effort and the knowledge about gentrification did not prevent the
park being used to promote green gentrification in the surroundings, as we will explore in
the next section of this article.

The park conception created by the movement should be contemplate the citizens
participation in all phases, from the project design to the construction stage, finishing with
a form of self-governance or management shared among the residents, users and general
population. The park, projected, built and administered by the community could become a
living laboratory for urban environmental planning, according with the movement [62].
To promote these conceptions, the movement occupied the land and a opened their ver-
sion of the park in July/2013. In this process of occupation, infrastructures were built;
furniture produced and acquired by the movement itself through donations of materials
(gardening tools, chairs, tables, dumpsters, etc.) and were placed throughout the park;
money (for maintenance, rent chemical toilet, etc.) was collect and people collaborated in
the construction of the park’s signage.

With the park opened and self-managed by the citizens group, various educational,
cultural and political activities took place until December/2013, attracting academic, politi-
cal and cultural personalities. Strong social and political pressure ensured the approval,
on 23 December 2013, of the law that institutionalized Parque Augusta [57].
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Unfortunately, just six days later, on 29 December 2013, the park’s occupants were
removed, the provisional infrastructure dismantled and the real estate developers managed,
through private security agents, to retake the private portion of the park’s land, walled and
guarded, making it impossible the access even to the public portion of the area.

Throughout 2014, the gates remained closed and heavily controlled. The Movimento
Parque Augusta continued to meet and held, on a weekly basis, cultural, political and
educational activities on the sidewalks around the area. They reinforced the concept of a
citizen’s collective movement active in the production of the city, going beyond the simple
idea of the park as physical space only. In their notion, the land of the park is part of
an urban ecosystem, including springs of a hidden urban basin that flows under asphalt;
promotes better quality of life for humans, animals; and regulates and improves water and
air quality [62].

In the beginning of 2015, the park is reopened and occupied again by the move-
ment. However, soon after the reoccupation, the corporations managed to repossess the
land [78,79]. At that time, judicially and politically favorable to the construction companies,
there was a judicialization of the social movement, with the criminalization of activists
who occupied the land and the surrounding streets [80]. Due to the negative repercussion,
the municipality tried a first draft of a public-private agreement, where the City Hall
would sell the public part of the land to the real estate companies to build their skyscrapers
projects [78]. In exchange, the developers must create and manage an open park to the
public, which was a reduced version of what the original Parque Augusta should be. Just a
small portion of the land will be kept opened, the rest of the area could be used for the
construction of residential buildings and a private park for the future residents, where most
of the vegetation would be preserved.

With this setback, the movement reaffirms the strategies of struggle and mobilization
of public opinion against the public-private agreement. Strengthening the idea of creating
a park that occupies 100% of the land and the importance to protect the vegetation granted
the public opinion support to the movement. With this repercussion, the municipality
reversed the decision to sell part of the land, and due to U-turn, the companies reopened
the public portion of the land.

Already in 2017, the impasse continued to block a solution for the park. Between April
and August, conciliation hearings were held between the three agents involved in the de-
mand for the park: the municipality, the real estate companies and the social movement [35].
Among some proposals, the first decision had been the exchange of the private portion of
the land in the Parque Augusta for a public area in the other part of the city. But, since the
proposed area had a higher value in the market, this proposal had been not approved
by the City Council. The new attempt for a solution involved the exchange of the park
land for Bonds of Potential Constructed Area—BPCA (Certificados de Potencial Adicional
de Construção—CEPACs, in Portuguese), issued by the City Hall [67,68]. The BPCA are
papers issued by the municipality to capitalize the created soil in the real estate market,
allowing constructions between a basic and a maximum potential build area, according to
the Brazilian urbanist laws [81]. With the agreement, the previous owners of the private
parcel in Parque Augusta, received an amount of Bonds that they can use to build in other
developments, or sell in the stock market. The final agreement was signed in August 2018.

With this decision, the judicial imbroglio was finally solved. In the social networks
(Facebook and Instagram), practically, all the comments celebrate the park creation and the
fundamental involvement of the social movement, emphasizing the importance of the park
and its remaining green area in the center of São Paulo, its role in floods and urban heat
island prevention and as a recreational area.

The Parque Augusta Movement accepted the decision [67] and reiterated the impor-
tance of building a space with effective community participation in the park’s planning
and co-creation process and a shared management and. In fact, during 2017, the movement
organized several popular polls (approximately 300 contributions) to establish the main
aspirations of the population for the park and promoted several co-creation workshops
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to design the park. The citizens/community proposal for the implementation of the Au-
gusta Parque [36] was designed and have proposals constructed with the participation of
organized groups and individuals (scholars, artists and residents). In this plan for the park
(Figure 5), the area should be sustainable, greener, self-sufficient, integrate educational and
recreational areas and have a blue infrastructure to increase the contribution of the park
to the problems of floods and drought in a climate adaptation strategy. The main actions
and structures in the citizens proposal for the park should contain, mainly outside the area
covered by the original vegetation:

• Photovoltaic panels to produce energy;
• Infrastructure to treat and transform used waters and waste into biogas;
• A system to collect selective solid garbage;
• A composting area on site;
• Furniture and signage system produced with natural and sustainable materials;
• An increased green area, recovered with local fruit trees, contributing to the mainte-

nance of the fauna and the regeneration of the ecosystem functions of the place;
• Basic infrastructures (toilets, dog training space and educational areas);
• A reservoir for rainwater harvesting;
• A seedling nursery, producing new trees and plants for the park and the community.
• A space for urban agriculture and communal garden.

 

Figure 5. Citizens park project co-created by the Movimento Parque Augusta. Credits: [36].

Comparing these proposals presented in the citizen’s plan for the Parque Augusta
with some catalogues [3,82–84], all these measures and infrastructures can define the whole
park as nature-based solution, albeit the term is not appearing the document published by
the social movement [36].

In June 2020, São Paulo published its territorial plan of Sustainable Development Goals
implementation, based, at least in the mayor’s speech [52] (p.23), on the conception of
nature-based solutions. According to this document, the Parque Augusta, amongst others
municipal parks, is considered by the municipality as a green space and a green infras-
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tructure, joining a system of green areas that would be understood and configured as a
strategy tackling climate change.

Within the ‘Municipal plan for protected, green areas and open spaces’ [52], the park
and other green spaces are clearly defined as areas for provision of ecosystem or envi-
ronmental services. In private areas, the plan projected a financial bonus program for
the construction, restoration and maintenance of natural spaces that offer ecosystem or
environmental services. In the city’s conception, these services provided by the biodiversity
present in the city have an aesthetic nature, but also are associated with the availability and
control of water, soil and atmosphere quality, regulating the urban thermal sensation. Thus,
the green and unpaved area would have some functions: filtering rainwater and regulate
underground storage; promoting carbon sequestration and retention; improving air quality,
reducing pollution rates; and regulating surface temperature, through evapotranspiration
and direct shading. In addition, the park would be a space for sociability, recreation and a
platform for educational activities, improving the indicators of habitability in the city.

Associating the assumptions of the plan and the potentialities observed in the Par-
que Augusta, considering the environmental sphere, the territorialization of following
SDGs would be possible: 3 (health and well-being), 6 (drinking water and sanitation),
11 (sustainable cities), 13 (action against global climate change) and 15 (terrestrial life).
The municipality also indicates that SDG 17 (partnerships and means of implementation)
would be achievable in municipal parks.

However, the project of the park has a stronger partnership with the real estate
developers than the social movements. The official project of the Parque Augusta (Figure 6)
designed and approved by the City Hall will be managed by the former’s private owners
of the land, who are responsible for its implementation and maintenance for 2 years [85].

 

Figure 6. Official project for the park. Credits: [85].

Besides a dog training space (Cachorródromo), public toilets, composting area and
seedling nursery, all the other ‘attractions’ (hammock lounge [redário], open gym for
the elderly [academia da Terceira idade], slackline area, a grandstand [arquibancada],
an elevated deck) were not in the scope of the citizens proposal for the park.

Several demands and strategies, including a much more sustainable and consistent
with the NBS approach, presented in the community project, are not present in the official
project produced by the municipality. Additionally, the project defines that 10% of the area
can be impermeabilized, with some pavements constructed with concrete. This material
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could easily be replaced by some other type of material, increasing the permeability such
as demonstrated in the NBS catalogues and standards [82,83].

In 2019, the official presentation of the project registered that it was showed to the
social movement in 2017, but there is no information about any update or changing in the
project with the movement [86]. In addition, the project is vague about the community
participation in its designs, just informing that the suggestions from the population were re-
ceived, but without further details about how many people participated and when/where
the participation happened. The only sphere of the official project with clear citizen’s
involvement is the participation in a management committee. According to local regula-
tions, the committee should control the planning and maintenance of the park and monitor
the activities and events in the area. The local population (registered in the document
as users) took part in the election, back in 2019, for four seats in a 2-year term, to form
this group with members of the municipal government (presidency and other two seats),
a member representing the park works, and another member from an organized social
movement [87].

In March 2021, even with a simpler project in implementation, the bureaucracies
solved and a local committee elected to follow the implementation and construction of
the park infrastructures, the Parque Augusta remains closed. The works have not been
completed and the inauguration date has been postponed since 2020. The expected date
to open the gates for the population is July/2021, but there is already another conflict,
involving the construction of a grandstand designed for art performances. Even if an
amphitheater was present in the citizens proposal, it is now not desired by some local
residents who does not want to have noise and higher number of visitors during cultural
events in the park [88].

3.2. The Antithesis: The Appropriation of Nature by the Agents of the Real Estate Market

To dialectically confront the implementation process of the Parque Augusta, we take,
as a premise, the fact that nature, materially and symbolically, is incorporated into the
sphere of a capitalist world, where it is (re)produced as an instrumental rationality [89].
In the cites, from a set of intrinsic needs for humans and other forms of life, the values,
the experiences and the spaces of nature are reified and commodified [90]. Converted into
wishes and desires, transmuting its constitution as a value of use into value of exchange,
nature is becoming another possibility for consumption, in a process that appear to be
inherent to our society [91]. In the XIX century, Marx had already warned about the
commodification of nature and its capitalist appropriation, indicating that it can be used as
bait to capture, ironically, the essence of a person in the capitalistic society: its money [21].

In the contemporary city, highly artificialized places, nature is converted and per-
ceived as a resource, a commodity or a service, and used to enhance premiums in the real
estate market [39,51]. Since a price to live with nature is established, a difference in its
accessibility and affordability, according to class or income, is also recognized. Even if
all humans depend on nature to survive, and renaturing of cities is urgent and necessary,
not all have the same capital to live with nature, or nearby. From luxurious condominiums
to low-income housing projects, the spaces of nature are very different. While in high
income urban or suburban neighborhoods’ nature is well cared, produced for contempla-
tion, relaxation and exhibition of prestige/privilege, in the low-income, vulnerable and
marginalized areas, in the social or geographical peripheries of the capitalist city, the ‘raw’
and not controlled nature is a synonym of risks, dangers and threats, such as floods or
diseases. The appropriation of nature by real estate companies denies collective benefits,
hiding illusions of comfort, satisfaction and sustainability in the individual life.

Having in consideration these statements, we can try uncovering how the Parque
Augusta, a necessary but also a desirable space, have been appropriated by the real
estate developers. The commodification of the park, from its physical nature to its image,
happens in the immediate surroundings of it, and had started even before its official
implementation. As explained before, to have the full ownership of the land where the park
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was planned, the municipality exchange (paid) the lot for Bonds of Potential Construction
Area (BPCA). The number of certificates issued represents a potential 3.3 million m2 of
constructed area, that can be used in several parts of São Paulo or even be sold in the
regular stock market. Usually, the money received by the municipality in BPCA transactions
is used to improve the basic urban infrastructure (sewage, water distribution, garbage
collection, etc.) in areas of saturation or highly dense use. The strategy, at the surface,
seems to be proper, since the municipality received the land without paying for it in
advance, just had ceded future capital income. However, the Bonds issued overpriced
the land in BRL 95 million (USD 24,1 million in the exchange rate of August/2018 or
USD 16,5 million nowadays, due to intense devaluation of the Brazilian Real) [68]. It is
important to remember, that even if the land had a contested private ownership, the area
and the vegetation should be protected according to the municipal laws. On several
occasions, documented in their webpage, the Movimento Parque Augusta complained
about the lack of transparency in the financial agreements between the municipality and
the developers [62].

But our biggest concern is the propagation of what some scholars are defining as
green gentrification [12,38,92,93] and is already punctually identified around the Parque
Augusta, in three recent real estate developments in front of the park, but with a potential
growth. These new developments will be identified as Development 1 (with one tower),
Development 2 (with two towers) and Development 3 (with one tower).

The green gentrification can be the result of exclusionary displacement [53] or exclu-
sion of the poorest from the benefits of environmental amenities [94]. The green gentri-
fication materializes the supremacy of the production and consumption of nature as an
individual or personal satisfaction project in the access of nature in the urban space. Eco-
logical gentrification [95] was the concept used to represent the denial of access to natural
spaces in the cities, based in class, income or social hierarchy, including the perspectives of
homeless people about the nature. Several homeless are living in the streets around the
park, being naturalized and included in the urban landscape without the minimal basic
rights, and quite far away from the right to nature in the city. Comments in news or posts
about the park revels the need to remove/transfer these homeless people from the Parque
Augusta area to avoid depreciation of real estate vale and the infeasibility for families to
use the future park.

The region, known as Baixo Augusta (Lower Augusta) has a popular commerce
profile, and it was famous for its dancing/sex clubs, that are now partially shut down [74].
Several other commercial properties are also closed, not only because a possible property
price reevaluation, but also due to bankruptcy during the COVID-19 crisis.

The actual valid urban zoning, from 2016 (Figure 7) [58], includes 3 of the park
perimeters (Augusta and Marques de Paranaguá streets, and the limit with a university
campus) as Areas for Urban Structuring Transformation (ZEU) and 1 perimeter (Caio Prado
street) as a Centrality Zone (ZC). The park itself is a Special Environmental Protection Zone
(ZEPAM). The ZEU foresees measures to increase the density, allowing high construction
potentials without story limits. The ZC is defined as medium density area, with incentives
for commercial and residential uses, with heights limited up to 60 m.

Thus, according to this current zoning legislation, the areas of the two currently
closed parking lots and 9 lower buildings (1 or 2 floors) are in the zone that allows high
density. Four lower buildings are in the medium density zone. The height profile and
the lower density of the park surroundings buildings, the current use, or its emptiness,
indicate a great constructive potential in the area, with the replacement of individual
houses, townhouses and parking lots by skyscrapers, fulfilling the projections of the urban
zoning indicators. For example, in 2019, after the final decision about the park, a developer
demolished a gas station and two townhouses to build a residential apartment tower,
which is already conclude. This development has 24 floors and 250 units (from 67 to
125 m2). In another space, a former parking lot gave space, also in 2019, to a 27-story
residential building with 216 units (ranging from 24 to 58 m2) [60].

124



Sustainability 2021, 13, 5150

Figure 7. Extract from the zoning map of São Paulo center district. ZEU, Urban Structuring Trans-
formation Zone; ZC, Centrality Zone; ZEPAM, Special Environmental Protection Zone; AC-1, recre-
ational club; praças e canteiros, squares and flower beds; ZEM, Metropolitan Structuring Axis Zone;
ZM, Mixed Zone. Credits: [74].

Besides the substitution of houses and others low-density used spaces for high res-
idential developments, the prices of these new apartment’s units are also an indicator
of the valorization that the park brought to the area. Our survey on the prices of land,
units and average value for constructed area (square meters—m2), shows that the value of
the constructed square meters, in the area surrounding the park increased from BRL 5522
(August/2018) to BRL 8817 (March/2021). The first value corresponds to the price on the
date of the final agreement between the developers and the municipality [59,67] and the
second one, from March/2021, covers the average price for m2 (buying transactions) in the
region where the park is located [68]. Besides the park, the only transformation in the area
was the inauguration of a subway station in January/2018. Since the Brazilian Real suffered
a large devaluation in the past years, we decide to present the values in the local currency,
avoiding transferring the dollar devaluation to the prices that are practiced in ‘reais’ in
the local real estate market. The conversion rate to American dollars was USD 1/BRL 3,93
(August/2018) and USD 1/BRL 5,76 (27 March 2021). In the same period, the accumulated
inflation was 11.09%, meaning that the price per m2 soared 143.73% above inflation.

Four new skyscrapers (in three different developments) are the first visual impact,
recently built or nearing completion in the immediate perimeters of the park (Figure 8),
are also priced for purchase with values above the neighborhood average values.

The Development 1 is most recent completed residential building has its marketing
strategy focused on the direct relationship with the park, the urban renewal of the area
and the gentrification of services and commerce [60]. In December/2020, we visited this
development, which had gross (without upgrade options) values for m2 ranging from BRL
11,558.44 (unit on the 9th floor with 77 m2) to BRL 12,779.19 (unit on the 10th floor with
66 m2).

The above-average value is also visible in other properties, which offer free views to
the Parque Augusta, such as the two towers in the Development 2. In the residential one,
we found a unit with 158 m2 being sold for almost BRL 2 million, or BRL 11,958.81 per m2.
Apartments in older buildings, from the 70s and 80s, are also being offered in the market,
even without a direct view of the park at average prices around BRL 9,000.00 per m2.

The Development 3, in its last phase of conclusion [61], have units with 24 m2 being
sold for BRL 15,208.33; units with 37 m2 for BRL 16,101.18 per m2; and units with 57 m2

for BRL 15,870.17 per m2. These values represent almost a 100% valorization above the
average prices in the region (BRL 8,817 m2).

The neighborhood valorization and the attraction of new private investments to the
area has been predicted by the municipality since the launch of the final and official project
for the park [85].
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(a) 

 
(b) (c) 

Figure 8. New developments in the environs of the park (December/2020). (a) The two newest
building, on the right Development 1 and Development 3, on the left side of the picture; (b) The view
from an apartment for sale; (c) Development 2 towers. Credits: Baumgartner.

To understand how those values promote an exclusionary displacement, and a po-
tentially green gentrification, it is important to have a clear picture about the economic
situation of the majority of São Paulo’s population. According to the Brazilian Insti-
tute of Geography and Statistics (IBGE) [55], 12,325,232 people are living in the city and
21,6 million in its Metropolitan Area (50% of the state population; approximately 10% of
Brazil’s population; and 33.3% of the Brazilian GDP). The average income (2018) of formal
workers in the city is 4,3 times the minimum wage (BRL 954 in 2018 and BRL 1,102 in 2021),
but just 45.8% of its population has a formal (regular/legalized) job; 31.6% of the inhabitants
were living (2010, last available data from the census) with less than a half of the minimum
wage. The most recent data about income is from 2019, and shows that the medium income
per person is BRL 48.40 per day, or BRL 1,472, 16 monthly (in favelas/slums the income is
BRL 13.47 per day, BRL 409.71 monthly) [56,81].

The center of São Paulo (2.67 million inhabitants), where the Parque Augusta is
located, has an average income of BRL 2,366 (63% higher than the city), the highest amount
of people with university or higher degree (28.3%), the lowest rate of unemployment,
the highest rate of formal jobs and the lowest infantile and juvenile population [56].

The differences of the general revenue in the city, considering formal/informal jobs
and their distribution along São Paulo, show the gap between the average income of the
inhabitants and the prices found in the real estate market for housing around the park.
The profile of the inhabitants, that is represented in the context of the people engaged
in the social movement [72], indicates another debate about green gentrification: are the
environmental amenities inducing gentrification or inhabitants of gentrified areas are
demanding better green spaces?

In the case of the Parque Augusta, the documents, the data and the field trips show
that both processes running together. First, the implementation of the park has a direct
connection with the profile of the area and its population, which has better access to the
legal and media channels, than the population of lower income area. The residents and the
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activists of the social movement, due to their professional background, have a clear picture
about their strategies, the importance of this park and its green area to the neighborhood
and to the whole city. Connecting the conceptualization of the park with the NBS principles,
matching the climate action by the municipality, was an important strategy to receive sup-
port from the public opinion, resulting in the park creation. Second, the immediate vicinity
of the park has several potential lots for high density new developments (indicated by
the actual urban zoning of São Paulo), and the prices in the market (above local average
prices and medium income of the population), are enhanced by the implementation of the
park. These indicators visible in the urban landscape and support by the prices survey,
demonstrate the potential exclusionary displacement is already taking place, promoting
what could be characterized as green gentrification.

3.3. The Synthesis: The Right to Nature in the City and the NBS

If we seek to build a synthesis, in the direction to promote a right to nature in the
city [13], a first step is to uncover the history and the ideology that produces the city [7,17]
and the spaces of nature in the city [25,26], to understand conflicts, class/racial privileges
or struggles, such as like in a green gentrification process [38].

The construction of our proposal for dissemination of the right to nature in the city
has three basic principles:

• A new praxis in the relationship with nature. In an optimistic conception of human
action with nature, the right to nature in the city is not a right to exploit, dilapidate
or consume nature for satisfaction of few individuals, but it is a process of collective
emancipation to change the future perspectives for humanity in times of climate
change. It is necessary to rethink daily life society’s action on nature, from the crops to
the cities, passing through commerce, industries and finances [96–98].

• The idea of nature for all citizens and not for customers. The imposition of individual
satisfaction also led nature to be understood as an object of consumption and people
as the consumer. The installation of consumption’s ideology in all spheres of social
life is one of the greatest perversions of the current period, with the commodification
of nature and its services. One way to overcome this process is the defetishization
and demystification of nature, understanding it as an element integrated to social
life through history. In addition, it is essential to combat class, age, social and racial
discriminatory access to nature in the city [99–101].

• To rethink the place of nature in the city. First, it is necessary to rethink the city not
as an object, as a machine or an organism, but as the place of people’s life, a human
ecosystem, restoring collectiveness and empathy as the purpose of urban life. It is
necessary to inhabit the city, to conscious participate in collective social life. Then,
we can build a collective place to nature and to the nature-based solutions in the center
of urban life [102–107].

The Praxis: 10 Strategies to Promote the Right to Nature in the City

The optimistic or utopic view of the relationship between urban society and nature
is based on the urgency of the physical presence of natural spaces throughout the city,
opened and accessible for all inhabitants or communities, despite income, classes, race or
age. To achieve this goal, the following propositions were elaborated, considering necessary:

1. To create a right to nature in the city, as a collective right, not dissolving history or
the city to return to a primitive nature. Nature can also not be reduced to a view,
a panorama or a landscape.

2. To destroy the ideology of consumption of nature and urban spaces, in the direction
to renew an innovative and creative freedom to produce a new real sustainable urban
humanism and urbanism, considering all aspects of sustainability.

3. To transform the access to natural spaces in an accessible and affordable essential right.
Nature is necessary for everyone, regardless of income and address. Nature cannot
be a luxury commodity neither an object of decoration.
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4. To reaffirm the public aspect of nature, changing the current practice in which some
high-income real estate developments have natural reserves in their areas, a space
restricted to their residents, while in the poorest areas of cities the benefits of nature
are denied, with, for example, in the absence of parks and green areas and the
transformation of urban rivers in sewage. Preservation and production of nature and
nature-based solutions in the city must be universal.

5. To consider the totality of nature in the city, overcoming its reduction as a synonym
for green areas. Nature should be understood beyond trees, shrubs and grasses in
the urban plans. The right of nature in the city must be expanded as the right to air,
soil and water of good quality.

6. To understand the nature in the city as part of human work and history, overcoming
the idea that nature in the city is a refuge for nature that no longer exists or an enclave
in the urban fabric protected with a dome and separate from city life. Today nature is
incorporated into human urban life. Therefore, the spaces of nature in the city must
be used and lived, integrated in the everyday life. It is necessary to socialize its use,
making nature a meeting place.

7. To promote ideas of nature-based solutions and blue-green urban infrastructures,
radically transforming the cities, financing the incorporation of sustainable practices,
especially in the poorest and vulnerable countries. Having green cities in some rich
or high developed places will not create a resilient urban world.

8. To establish the connection with nature under the guidance of the concept of value of
use and not exchange value. If nature is understood as a value of use it should not be
commodified or commercialized, for example by real estate developers to enhance
premiums in their properties. This will avoid green gentrification, spatial and eco-
nomic segregation in the access to nature in our cities. There would be an appreciation
of nature for its content, used by society, incorporated into the territory and benefiting
all people.

9. To revel the perversion of neoliberal and public-private associations, where the public
pays the burdens and the private sphere receives the bonus.

10. To understand the nature in the city dialectally, making it visible the history and
the conflicts of the relations between society and nature, to overcome the traditional
dichotomy between the city and nature.

4. Some Conclusions and Final Considerations

The project of the Parque Augusta produced by the social movement, with citizen’s
participation, had several principles and infrastructures which can define it as a nature-
based solution, despite not using the term in the document. This collective design is much
more integrated with nature, from its lake to the enhanced green area, but was not chosen
by the São Paulo city’s government to be implemented in the area. The official project in
execution, designed by the municipality and constructed by the real estate developers who
sold the land, although it is integrating a climate action, where the nature-based solutions
are a key concept, has fewer physical elements of a NBS in its design. There is no space for
rainwater harvesting, such as a lake or pond, the reforestation and other greening actions
are vague and have more constructed and paved surfaces.

Considering how it was designed and co-created, the perspectives of a self-managed
park and the NBS conceptualization, the project presented by the Movimento Parque
Augusta was a much better choice for the area.

In our critical perspective, both projects are deficient in an integrated vision with the
surroundings and the homeless people who live around the park. The integration and the
participation of the homeless should be important to the construction of the park. Of course,
the ideal solution will be the distribution of houses for them, but since this is not foreseen
in the near horizon, due to deficiencies of public policies and social affordable housing
projects, the homeless will be living around and inside the park. Regrettably, for some
future users and inhabitants, they are and will be a problem, when using the park in their
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everyday life. Throughout the analysis of the content in some comments posted in social
media (Facebook and Instagram) about the park creation, the problems of security and
social selection is quite evident. Even without statistical accuracy, those comments provide
some points for further discussion about the Parque Augusta, and other parks and open
public green areas, since the fear and discomfort with diversity in public Brazilian spaces
is a common felling [108]. The widespread and easiest solution have been fencing and
gating the green spaces and public parks, controlling schedules and their access. As well,
the integration of homeless people in the debate about the NBS, and other conceptual
framework for projects designed to produce greener and resilient cities, is still an area
for improvement.

Additionally, both projects did not incorporate instruments to prevent land specula-
tion, fast values enhancing in housing prices, population displacement or green gentrifi-
cation. Several instruments available in the Brazilian urban legislation, especially those
in the ‘Estatuto da Cidade’ (City Statute) [81] were not taken into consideration to tackle,
through an alternative to the current urban zoning, the increased construction potentials
around the park, the liberation in the amount of floors and heights for new developments
in three perimeters of the park, what can improve the densification of the in the immediate
surroundings of the Parque Augusta.

In our conclusion, the focus just in the object (the park, the NBS, etc.), losing a wider
spatial perspective, with the inclusion of the surroundings and the whole neighborhoods,
can produce gaps where the real estate capital will prosper and appropriate the benefits of
greening and renaturing projects. To promote social, environmental justice and the right to
the nature in the city, the action of real estate developers must be controlled and regulated,
otherwise the land and housing prices will rise. Exclusionary displacement, spatial selec-
tiveness and green gentrification means less diverse urban environment. These side effects
are contradictory with the ideas behind the NBS, the SDGs and other greening projects
which reinforce the importance of diversity. However, in the urban space, the biodiversity
must include the socio-diversity, as well.

A dialectical approach to understand the (re)production of urban space and the
(re)production of nature in the city is fundamental to uncover the contradictions and
conflicts, rooted in the urban fabric and visible in the landscape. As a theoretical perspective,
it brings other layers of complexity to the debate about the scope of nature-based solutions
and how them can reach and be beneficial for more people. The construction of a synthesis,
more than a practical compromise between the production and the appropriation of nature,
allowed us to thing further, establishing principles for a co-existence of nature and city in
the same space and launch perspectives about the access to nature.

Climate change adaptation and life during/post the COVID-19 pandemic demon-
strate how important and valuable nature in the city can be. The construction of a better,
sustainable and collective world will be possible, dialectally, understanding the production
of urban and natural spaces and the universalization of the right to nature in the city to all
inhabitants, despite color, age, race, social-economic situation and geographical position
on the city. The right to nature in the city is a right for humans to live and prosper with
nature and for nature to exist and flourish with humans.
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Abstract: Growing and uncontrolled urbanization and climate change (with an associated increase in
the frequency of intense meteoric events) have led to a rising number of flooding events in urban
areas due to the insufficient capacity of conventional drainage systems. Nature-Based Solutions
represent a contribution to addressing these problems through the creation of a multifunctional
green infrastructure, both in urban areas and in the countryside. The aim of this work was to
develop a methodology to define Green Infrastructure for stormwater management at the municipal
level. The methodology is defined on the basis of three phases: the definition of the territorial
information needed, the production of base maps, and the production of a Suitability Map. In the
first phase, we define the information needed for the identification of non-urbanized areas where
rainwater can potentially infiltrate, as well as areas with soil characteristics that can exclude or limit
rainwater infiltration. In the second phase, we constructed the following base maps: a “map of
green areas”, a “map of natural surface infiltration potential” and a “map of exclusion areas”. In
phase 3, starting from the base maps created in phase 2 and using Geographical Information Systems’
(GIS) geoprocessing procedures, the “Green area compatibility map to realize Green Infrastructure”,
the “map of areas not suitable for infiltration” and the final “Green Infrastructure Suitability Map”
are created. This methodology should help municipal authorities to set up Green Infrastructure
Suitability Maps as a tool for land-use planning.

Keywords: spatial planning; nature-based solutions; green infrastructure; rainwater management

1. Introduction

Land take and soil sealing are the most evident and worrying consequences of grow-
ing and uncontrolled urbanization. Climate change, with an associated increase in the
frequency of intense meteoric events, have led to an increasing number of flooding events
in urban areas due to the insufficient capacity of conventional drainage systems.

Urban rainwater drainage systems are essential infrastructures for cities, which are
needed to collect and convey rainwater away. Conventional stormwater management
systems (so-called gray infrastructures) are systems primarily oriented towards a single
objective: the control of water quantities. In Italy, most of the grey infrastructure is
represented by the sewerage network [1]. It is a “mixed network” which collects both
rainwater and wastewater, then transports it to the treatment plant. Due to this network
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characteristic, despite significant developments, it remains difficult to implement a fully
efficient conventional urban drainage system [2].

Intense urbanization over the past few decades has significantly changed land-uses
and greatly increased the proportion of impermeable surfaces around the world [3–5].
This rise in the percentage of sealed soils has changed urban hydrological systems, as
demonstrated by the increase in surface water runoff and peaks of maximum flow, the
decrease in the amount of rainwater infiltrated into the soil, alterations in the recharge
cycle of aquifers and the deterioration of water quality [6–10].

These factors, along with the combined effect of climate change-induced intense
meteoric events, have caused a higher frequency of flooding in urban areas [11].

At present, there exists a need to consider other important aspects of water manage-
ment in urban environments: the quality of the water itself, the ecological and recreational
value of locations and their visual quality, the aesthetic aspect and architectural form of
drainage systems and the possibility of reusing the volumes of water conveyed [12].

Over the last two decades, the academic and professional worlds have increasingly
investigated the effectiveness of using Nature-Based Solutions (NBS) for the creation
of a multifunctional green infrastructure, both in urban areas and in the countryside.
The European Commission defines NBS as “solutions that are inspired and supported
by nature, which are cost-effective, simultaneously provide environmental, social and
economic benefits and help build resilience. Such solutions bring more and more diverse,
nature and natural features and processes into cities, landscapes and seascapes, through
locally adapted, resource-efficient and systemic interventions. Nature-based solutions
must benefit biodiversity and support the delivery of a range of ecosystem services” [13].

Nature-based solutions can contribute to stormwater management both by reducing
the volume and flow rate of stormwater runoff and removing contaminants from stormwa-
ter. Nature-based solutions such as urban parks and open spaces, wetlands, green roofs,
bioswales, rain gardens and detention and retention ponds promote water storage and
infiltration, reducing stormwater runoff [14–16]. Cities with combined sewer infrastructure
will see improvements from nature-based solutions arising from reductions in stormwater
quantity and reduced sewage overflows [16].

Nature-based solutions are attractive in combination with grey infrastructure, not
only for stormwater management but also for properly considering the full spectrum of
co-benefits and their integration within wider GI networks [16,17].

The interdisciplinary concept of ecosystem services (the benefits in terms of goods
and services to humans provided by nature) [18] helps to understand the suite of services
that the different types of NBSs deliver to the human society, among which we can find
stormwater management [16].

The scientific literature related to NBSs for stormwater management has presented
a diversified terminology to describe their principles and practices, in relation to local
situations and different contexts. Different terms have been used to define similar concepts
in different parts of the world, sometimes generating contradictions and confusion [14].

The term Low Impact Development (LID), used mainly in North America, refers to
small-scale water treatment works close to the point of origin of runoff [19], while the term
Best Management Practice (BMP) describes interventions and practices designed to prevent
pollution [14]. Water Sensitive Urban Design (WSUD) has been used since the early 1990s
in Australia, with the main objective of managing the water balance, while the concept
of Integrated Urban Water Management (IUWM) refers, more broadly, to the integrated
management of all parts of the water cycle at the catchment level.

The term Sustainable Drainage Systems (SuDS) originated from the UK and it includes
a range of techniques used to drain water by restoring drainage conditions existing prior
to site development [20].

The concept of Green Infrastructure (GI) was developed in the USA in the 1990s [21]
and represents a term referring not only to rainwater management. Its origins were derived
from landscape architecture and landscape ecology.
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Green Infrastructure can be defined as “a strategically planned network of high quality
natural and semi-natural areas with other environmental features, which is designed and
managed to deliver a wide range of ecosystem services and protect biodiversity in both
rural and urban settings. [ . . . ] One of the key attractions of GI is its ability to perform
several functions in the same spatial area, in contrast to most ‘grey’ infrastructures, which
usually have only one single objective [ . . . ]. Green Infrastructure is made up of a wide
range of different environmental features that can operate at different scales, from small
linear features such as hedgerows or green roofs to entire functional ecosystems [ . . . ].
Each one of these elements can contribute to GI in urban, peri-urban and rural areas, inside
and outside protected areas” [22].

Green Infrastructure plays an important role in stormwater management (in addition
to the existing grey infrastructure), enhancing natural processes such as infiltration, evapo-
transpiration and filtering and reuse of water [23]. Green Infrastructure for stormwater
management provides several benefits, such as rainwater detention, flood alleviation,
fewer sewer overflow events and the reduction of management costs for grey infrastruc-
ture [24,25].

In Italy, several regional authorities have adopted laws and regulations aimed at
planners and designers in order to satisfy the hydraulic-hydrologic invariance (HHI)
principles in land-use plans and new developments design (i.e., the maximum outflow rate
should be at greenfield runoff) [26]. These principles can be carried out by dimensioning
appropriate grey infrastructure (e.g., water storage tanks) or nature-based solutions to
balance the soil sealing effects [27].

In 2017, the Lombardy Region adopted a new regulation related to HHI which obliges
municipalities to set up a hydraulic risk management plan that should identify, among
other things, areas suitable for rainwater infiltration.

The aim of this work was to develop a methodology to identify areas where there
was the potential to install Green Infrastructure for stormwater management at the munici-
pal level, in particular infiltration SuDSs which reduce both the flow and the volume of
runoff [28]. This methodology should help municipal authorities to set up Green Infrastruc-
ture Suitability Maps as a tool for land-use planning [29–33]. This work is part of a broader
study involving several entities (universities and professionals), promoted by BrianzAcque
SRL, a public water management company for municipalities in Monza-Brianza province
(Italy). The paper presents the results of the first part of the study. In the second part
(still ongoing) we are analyzing the existing drainage network (the sewer network) in
order to define where and how to carry out specific interventions to solve the problems of
insufficiency of the drainage network, through the modeling of the networks.

2. Materials and Methods

In a preliminary step, the factors to be taken into consideration for identifying the
areas suitable for the realization of green infrastructure for stormwater management were
analyzed through a review of the available literature.

Several authors [28,34–37] have agreed about the use of Geographical Information
Systems (GIS) as support systems for the localization of NBS. GIS allows users to manage
and consider many territorial characteristics, overlay geographic data layers, develop
models based on raster and vector data, support choices of land-use planning, and define
possible alternative scenarios.

From the review of the methodologies proposed by various authors, it emerged that
the main factors considered are slope, soil type and land use.

The slope determines a considerable influence on the localization of NBS, limiting
infiltration and increasing surface runoff. According to several authors [29,35,38], natural
solutions for detention and infiltration should be realized in areas with slopes not exceeding
15%. In this sense, zones with inadequate slopes represent areas to be excluded in the
definition of green infrastructure.
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With regard to the type of soil, the most important parameter considered is the
infiltration potential, expressed as the saturated hydraulic conductivity value (m/s) [35,39].
These data can be derived from pedological–lithological maps, if available, with a good
level of detail, or through direct survey and infiltration testing.

In urban areas, the permeability characteristics of soils can vary significantly, due to
compaction caused by buildings and other uses [40]; for these reasons, direct surveys are
generally necessary to define the characteristics of the infiltration potential at a specific site.
Tredway and Havlick [41] also underlined the usefulness of carrying out, where necessary,
any work to improve the infiltration rate of the soil.

Land use is a fundamental topic as the possibility of natural infiltration depends on
the presence of non-impervious surfaces. Land use and the proportion of green space
available in a given area determine the behavior of surface waters and affect exposure to
floods [28–30]. Land-use maps provide information about the green areas that are compati-
ble with the possibility of infiltration and, at the same time, allow for the identification of
different impervious surfaces and the estimation of possible surface runoff [28–31,42–44].

The proposed methodology was defined on the basis of three phases (see Figure 1):
(I) Definition of the information needed; (II) Production of the base maps; and (III) Pro-
duction of the Suitability Map. We further present, as a case study, an application of the
methodology to the municipality of Caponago (in the province of Monza-Brianza).

 

Figure 1. Phases of the methodology proposed for the definition of Green Infrastructure for stormwa-
ter management.

2.1. Definition of the Information Needed (Phase I)

During this phase, we defined the information needed for the identification, on the
one hand, of non-urbanized areas where rainwater can potentially infiltrate and, on the
other hand, areas with soil characteristics that can exclude or limit rainwater infiltration.
Secondly, we selected the most suitable information based on their availability, territorial
coverage, scale and updating.

Most of the data analyzed were either produced by the Lombardy Region and made
available on their geoportal or produced by the municipalities involved.

2.2. Production of the Base Maps (Phase II)

In phase II, the following base maps were produced: a map of green areas, a map of
natural surface infiltration potential and a map of exclusion areas.

2.2.1. Map of Green Areas

In relation to the green areas potentially available for infiltration (phase II, map 1 of
Figure 1), we followed a specific procedure, which is shown in Figure 2.
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Figure 2. Procedure for mapping green areas potentially available for infiltration.

First of all, an analysis of the available geographical databases concerning the theme of
land-use/land-cover was carried out. In particular, the following data sources were analyzed:

• The land-use database “DUSAF”, produced by Lombardy Region;
• The topographic database “DBT”, produced by Lombardy Region and Municipalities;
• Maps contained in Municipal urban plans, produced by Municipalities.

The Land-use database DUSAF is a geographical database produced for the last
20 years by the Lombardy Region. The first version was created by the photo-interpretation
of digital orthophotos (IT2000 program, frames from 1998 to 1999); subsequent updates
were made in 2005, 2006, 2007, 2009, 2012 and 2015, up to the latest update available with
orthophotos in 2018 (DUSAF 6). The database has a level of detail compatible with the
scale of 1:10,000 (minimum mapped area = 1600 m2) and uses a legend structured in classes
and subclasses. It is available, for the entire Region, in shapefile format.

The Topographic database DBT represents the reference base of the Regional Informa-
tion System at the municipal level. Its creation was overseen by the regional law n.12/2005
and it has been produced by the municipalities at 1:1000–1:2000 scales. With reference
to vegetation, the DBT includes agro-forest areas (agricultural crops, woods, pasture—
uncultivated, areas temporarily not vegetated) and urban green areas (green areas, rows,
trees). The update year differs from municipality to municipality and varies from 2007 to
2015; it is available as a shapefile for most of the regional territory.

The maps of the municipal urban plan are specific to each municipality; in the case
of Caponago, information on green areas is contained in the maps “Destination of land
use” and “Components of environmental systems” (2011, scale 1:5000), which identify
agricultural areas, wooded areas and green areas of public interest, such as parks and
gardens. They are only available in pdf format.

From a comparison of the above-mentioned databases, the following considerations
emerged: The DUSAF database represents the official land-use map of the Lombardy
Region, which is particularly suitable for obtaining information about green areas in extra-
urban contexts (e.g., agricultural, wooded and semi-natural areas); however, the level of
detail of the DUSAF may not be sufficient in the urban context. It has been updated to 2018.

The DBT contains information with a greater level of detail in the urban context and
includes, in addition to public green spaces, private areas. It contains green areas connected
to the transport network (e.g., traffic islands, roundabouts). The DBT of Caponago has
been updated to 2015.
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The maps of the Municipal urban plan (PGT) of Caponago contain information on
green areas that are less detailed and less updated than the DUSAF and DBT. In the urban
context, only public green areas are detected (not private).

Based on the information available, and the objectives of the project, we defined the
classes of green areas to map as:

1. Agricultural, wooded and semi-natural areas;
2. Urban green areas;
3. Green areas connected to the transport network.

In order to have the most updated and accurate data, we decided to map the green
areas by integrating information from different sources.

We used the DUSAF database as a data source for agricultural, wooded and semi-
natural areas (1), mainly located in the extra-urban context and the DBT green areas
connected to the transport network (3).

For urban green areas (2), the choice of data source (DBT or PGT) was made by
evaluating the following conditions (in hierarchical order):

• Availability of data in shapefile format, including not only public green areas but also
private green areas (i.e., annexed to residential areas, industrial areas etc.);

• Completeness of the data related to green cover;
• Up-to-date data (we preferred to use the most recent data).

In this work, we used the DBT for urban green areas (2), (as shown in Table 1) as
it satisfied all three conditions (unlike the PGT); it is available in shapefile format, it is
complete with regard to green cover and it is more up-to-date.

Table 1. Urban green areas: availability, completeness and update for Caponago.

Urban Green Area Conditions PGT DBT

Availability no yes
Completeness no yes

Update yes yes

After selecting the databases to be used, we proceeded with the extraction of the data
and the creation of the final database. With regard to agricultural, wooded and semi-natural
areas mainly located in the extra-urban context, polygons were extracted from the DUSAF
database. With regard to urban green areas, polygons were extracted from the DBT (only
for the portion of the territory in the urban context). A check was carried out in order to
identify any changes in land-use through visual analysis of the most recent satellite images
available (Google, ESRI) and digital orthophotos available on the Lombardy geoportal.

With regard to green areas connected to the road network, polygons were extracted
from the DBT. All the derived layers were then merged into a single shapefile, creating a
field containing the final classification, as reported in Table 2.

As required by the Lombardy regional law, we analyzed the whole municipal territory.
This is also coherent with the need to give land-use planners information related to all
the not yet urbanized areas of the municipality, in order that they can take into account
different factors for the decision of the new urbanizations to include in the land use plans.

The map of green areas (phase II, map 1 of Figure 1) was produced at 1:5000 scale
(Figure 3).
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Table 2. Map of green areas: final classes.

Class Type

Urban green areas

garden
flowerbed

trees
other green area

Green areas connected to transport network traffic island/roundabout
parking strip

Agricultural, wooded and semi-natural areas

crop
crop with trees
horticultural

horticultural (greenhouse)
floricultural and plant nursery

vineyard
grassland

grassland with trees
orchard

vegetable garden
deciduous wood

reforestation
riparian wood

bushes
bushes in abandoned agricultural lands

Figure 3. Map of green areas for the municipality of Caponago.

2.2.2. Map of Natural Surface Infiltration Potential

The second map of the procedure (phase II, map 2 of Figure 1) is related to the natural
surface infiltration potential. It expresses the capacity of water to infiltrate through the
most superficial layers of the soil. It is useful for the study of hydraulic risk and the
evaluation of infiltration strategies. The map was built through a zoning of the territory
into geological units that are “average homogeneous”, from the point of view of infiltration,
for each of which a saturated hydraulic conductivity value (m/s) was estimated. The zones
were derived from the geological cartography available—in particular, from the Regional
Geological Map at 1:10000 scale (“CARG” project)—integrated with other information from
the geological cartography of the municipal urban plan.
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The infiltration values were derived from an empirical estimation of the permeability
of the different lithofacies, based on the available surveys and corrected by infiltration tests.

With regard to the study area, the geological units were derived from the geological
map of the municipal urban plan. The Regional Geological Map (CARG) is not available
at present. The delimited units were “average homogeneous”, from the point of view of
the surface infiltration potential and may present heterogeneity in different specific sites
(Table 3).

Table 3. Characteristics of the geological units in Caponago.

Geological Unit CARG Code Description

Unità di Besnate Bes Fluvioglacial and glacial deposits, slightly
weathered, up to 4 m. Sporadic Loess deposits.

Sintema del Po Pg

Gravels, sands and silts from recent fluvial
deposits, lacustrine deposits, slope and colluvial
deposits, landslide deposits. Fresh upper surface,
characterized by entisols and inceptisols.

Once zoning was carried out, a saturated hydraulic conductivity value was assigned
to the units and appropriately reclassified into hydrofacies, thanks to the availability of
infiltration data obtained by surveys at variable depth (Figure 4).

Figure 4. Geological units and localization of the points of survey for the municipality of Caponago.

The association of infiltration values derived from infiltration tests to the geological
units allowed us to estimate a reference value for each unit and, thus, to proceed to the
mapping of the infiltration potential. Being a parameter that varies over several orders
of magnitude, it was considered appropriate to consider the logarithm of the infiltration
potential and to average the available values.

Table 4 shows the reference values of saturated hydraulic conductivity (m/s) related
to the different classes of infiltration potential, whereas Table 5 shows the attribution of the
final class of surface infiltration potential to each geological unit in the study area.

The map of natural surface infiltration potential (phase II, map 2 of Figure 1) is
represented in Figure 5.
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Table 4. Classes of surface potential infiltration.

Classes of Surface Infiltration Potential
Reference Values of Saturated Hydraulic

Conductivity (m/s)

Very high >10−2

High 10−2–10−3

Medium 10−3–10−4

Low 10−4–10−5

Very low <10−5

Table 5. Surface potential infiltration classes assigned to the geological units in Caponago.

Geological Unit CARG Code Surface Potential Infiltration Class

Unità di Besnate Bes Low
Sintema del Po Pg Medium

 

Figure 5. Map of natural surface infiltration potential.

2.2.3. Map of Exclusion Areas

The third map of the procedure (phase II, map 3 of Figure 1) is related to the exclusion
areas. These are portions of the territory that have hydrogeological characteristics such
that the infiltration of water could represent a risk to the safety of the population. These
areas were identified on the basis of laws and regulations and were derived from various
territorial plans, such as:

• The Flood Risk Management Plan (PGRA) of the Po river basin, as established from
the EU Floods Directive (60/2007);

• The Hydrogeological Plan of the Po river (PAI), provided by the Po river basin author-
ity;

• A geological feasibility map of the municipal urban plan;
• A geological general map of the municipal urban plan.

The layers, in shapefile format, were derived from these data and the map of exclusion
areas was produced, as shown in Figure 6.
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Figure 6. Map of exclusion areas for the municipality of Caponago. They represent the portions
of the territory that have hydrogeological characteristics such that the infiltration of water could
represent a risk to the safety of the population.

As already mentioned, land morphology must be also considered in order to exclude
areas with inadequate slopes. The construction of a Digital Terrain Model (DTM) allowed
us to identify areas with a slope greater than 15%. In the territory of Caponago, the slope
never exceeded this value.

3. Results

In phase III of the procedure, first the “Green area compatibility map to realize the
Green Infrastructure” (phase III, map 4 of Figure 1) was created. Then, using a GIS overlay
procedure, this map was combined, after the assignment of appropriate weights, with the
Map of natural surface infiltration potential (phase II, map 2 of Figure 1) and the map of
exclusion areas (phase II, map 3 of Figure 1), in order to create the final Green Infrastructure
Suitability Map (phase III, map 5 of Figure 1).

3.1. Green Area Compatibility Map to Realize the Green Infrastructure

We derived the “Green area compatibility map to realize the Green Infrastructure”
by giving a compatibility score to each green area typology in the map of green areas.
The compatibility score expresses how compatible each green area typology is with the
realization of the Green Infrastructure for rainwater management.

In order to provide an appropriate compatibility score, we identified the “equipped
green areas” (i.e., those with benches, playgrounds and so on) using municipal maps,
satellite images and Google Street View (Figure 7).

The compatibility score was derived through the aggregation of different characteris-
tics: Naturalness [N], Anthropic presence [A], Productive value [P] and Urban context [U].
Each characteristic was assessed by assigning a value ranging from 1 (low presence of the
characteristic) to 5 (maximum presence of the characteristic).
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Figure 7. Identification of “equipped green areas” using municipal maps, satellite images and Google
Street View. In the example, only the area “A” is classified as an “equipped green area”.

The compatibility score was directly proportional to naturalness and urban context
while being inversely proportional to the anthropic presence and productive value. Every
single score was then calculated as follows:

• Naturalness score [Ns] = [N];
• Urban context score [Us] = [U];
• Anthropic presence score [As] = 5 − [A] + 1;
• Productive value score [Ps] = 5 − [P] + 1.

The Total Compatibility score [TCs] for each green area (see Table 6) was finally
calculated as follows:

[TCs] = [Ns] + [Us] + [As] + [Ps].

Green areas were finally reclassified, according to the TCs value, into three compatibil-
ity classes: High compatibility (TCs = 16–20), medium compatibility (TCs = 10–15) and low
compatibility (TCs = 4–9). The Green area compatibility map to realize the GI was then
produced, as shown in Figure 8.

Figure 8. Green area compatibility map for realizing the Green Infrastructure for the municipality
of Caponago.
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Table 6. Compatibility scores for green area classes. H: high; M: medium; L: low.
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Equipped green area 1 5 1 5 1 1 5 5 12 M
Garden 4 1 1 1 4 5 5 1 15 M

Garden in urban context (uc) 4 1 1 5 4 5 5 5 19 H
Trees 4 1 1 1 4 5 5 1 15 M

Trees uc 4 1 1 5 4 5 5 5 19 H
Other green area 4 1 1 1 4 5 5 1 15 M

Other green area uc 4 1 1 5 4 5 5 5 19 H
Flowerbed 1 2 1 1 1 4 5 1 11 M

Flowerbed uc 1 2 1 5 1 4 5 5 15 M
Traffic island/roundabout 1 2 1 1 1 4 5 1 11 M

Traffic island/roundabout uc 1 2 1 5 1 4 5 5 15 M
Parking strip 1 5 1 1 1 1 5 1 8 L

Parking strip uc 1 5 1 5 1 1 5 5 12 M
Floricultural and plant nursery 1 5 5 1 1 1 1 1 4 L

Floricultural and plant nursery uc 1 5 5 5 1 1 1 5 8 L
Horticultural 1 5 5 1 1 1 1 1 4 L

Horticultural uc 1 5 5 5 1 1 1 5 8 L
Horticultural (greenhouse) 1 5 5 1 1 1 1 1 4 L

Horticultural (greenhouse) uc 1 5 5 5 1 1 1 5 8 L
Vegetable garden 2 3 3 1 2 3 3 1 9 L

Vegetable garden uc 2 3 3 5 2 3 3 5 13 M
Crop 2 3 4 1 2 3 2 1 8 L

Crop uc 2 3 4 5 2 3 2 5 12 M
Crop with trees 3 2 3 1 3 4 3 1 11 M

Crop with trees uc 3 2 3 5 3 4 3 5 15 M
Orchard 2 3 5 1 2 3 1 1 7 L

Orchard uc 2 3 5 5 2 3 1 5 11 M
Vineyard 2 3 5 1 2 3 1 1 7 L

Vineyard uc 2 3 5 5 2 3 1 5 11 M
Grassland 3 2 3 1 3 4 3 1 11 M

Grassland uc 3 2 3 5 3 4 3 5 15 M
Grassland with trees 4 2 2 1 4 4 4 1 13 M

Grassland with trees uc 4 2 2 5 4 4 4 5 17 H
Deciduous wood 4 2 2 1 4 4 4 1 13 M

Deciduous wood uc 4 2 2 5 4 4 4 5 17 H
Reforestation 4 2 2 1 4 4 4 1 13 M

Reforestation uc 4 2 2 5 4 4 4 5 17 H
Riparian wood 5 1 1 1 5 5 5 1 16 H

Riparian wood uc 5 1 1 5 5 5 5 5 20 H
Bushes 5 1 1 1 5 5 5 1 16 H

Bushes uc 5 1 1 5 5 5 5 5 20 H
Bushes in abandoned agricultural lands 5 1 1 1 5 5 5 1 16 H

Bushes in abandoned agricultural land uc 5 1 1 5 5 5 5 5 20 H
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3.2. Weighting Procedure for Potential Infiltration and Exclusion Areas

The Green Infrastructure Suitability Map was produced by overlaying (with GIS)
the Green area compatibility map to realize the GI, the map of natural surface infiltration
potential and the map of exclusion areas.

The Green area compatibility map to realize the GI was, in fact, reduced by the
potential infiltration of soil and the presence of areas where it is not possible to infiltrate.

For this reason, a weight (ranging from 0 to 1) was assigned to each infiltration
potential class and to each exclusion area (Table 7) in order to take into account the
reduction of the compatibility, which could remain unchanged (weight = 1) or decrease to
a minimum (weight = 0).

Table 7. Weights assigned to potential infiltration and exclusion areas.

Potential Infiltration [PI] Saturated Hydraulic Conductivity (m/s) Weight [WPI]

High 10−2–10−3 1.0
Medium 10−3–10−4 0.7

Low 10−4–10−5 0.5
Very low <10−5 0.1

Exclusion Areas [EA] Weight [WEA]

Absolute protection area of wells, buffer zone of wells, flooded area,
contaminated area, quarry, frequently flooded areas (return period of

20–50 years)
0.0

Not frequently flooded areas (return period of 100–200 years), rarely flooded
areas (return period of p > 200 years), groundwater vulnerability to pollution 1

3.3. Green Infrastructure Suitability Map

Once the three maps had been overlaid, the Green Infrastructure Suitability Map
(Figure 9) was produced, classifying the total Green Infrastructure Suitability score into six
classes [GI-Suit] (Table 8). [GI-Suit] was calculated as the product of the Total Compatibility
score [TCs] and the weights [WPI] and [WEA], according to the following formula:

[GI − Suit] = [TCs]·[WPI]·[WEA].

 

Figure 9. Green Infrastructure Suitability Map for the municipality of Caponago.
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Table 8. GI-Suit Scores and Green infrastructure suitability classes.

Score of [GI-Suit] Classes of Green Infrastructure Suitability

0 Null
1–7 Low
7–10 Medium–Low
10–13 Medium
13–15 Medium–High
16–20 High

4. Discussion and Conclusions

4.1. Discussion

The methodology applied to the study area allowed us to quantify the availability of
green areas that are useful for the creation of GI at the municipal level.

The non-sealed areas in the municipality of Caponago cover 337.56 ha, equal to 67.28%
of the municipal area (501.73 ha). The remaining areas are water (0.58%) and impervious
surfaces (32.15%).

Most of these areas are agricultural, wooded and semi-natural areas (50.74% of the
municipal area and 74.42% of the green areas), while urban green areas represent 15.13% of
the municipal area and 22.48% of green areas. Significantly lower percentages concerned
green areas connected to the transport network (Table 9).

Table 9. Municipal green areas: Values in ha, % of municipal area [ma] and % of total green areas [tga].

Green Area Class Area (ha) % of ma % of tga

Agricultural, wooded and semi-natural areas 254.60 50.74 75.42
Green areas connected to the transport network 7.07 1.41 2.09

Urban green areas 75.89 15.13 22.48
Total 337.56 67.28 100.00

Despite the small size of the municipality of Caponago, the characteristics of the study
area are those typical of an area with intermediate land-use intensity. Valtanen et al. [9]
described three study areas in the city of Lahti (Finland) according to their land-use intensity
and type: from high land-use intensity (80% of impervious area) to low land-use intensity
(14% of impervious area). Yao et al. [5] and Du et al. [8] reported situations relating to large
Chinese cities with impervious surfaces ranging from 20% to 50%. Surma [43] reported
three case studies in Poland with impervious surfaces ranging from 19.8% to 47.5%.

With regards to the areas compatible with the construction of GI, the green areas with
high compatibility are close to urban areas and road networks (Figure 8) and represent
17.64% of the municipal territory and 26.22% of the total green areas. This means that
about three-quarters of the permeable areas of the municipality have from medium to null
compatibility with the construction of GI (Table 10).

Among the green areas with high compatibility, the prevailing class was made up of
Urban green areas (14.33% of the municipal area, 21.30% of total green areas). Among the
areas with medium compatibility, the main class was represented by agricultural, wooded
and semi-natural areas, with 18.19% of the municipal territory and 27.03% of the total green
areas.

About green areas suitable for the construction of the GI, there are no areas with high
suitability. This is due to the fact that the characteristics of the soils are such that the natural
surface infiltration potential is medium or low (Figure 5) and the relative maximum weight
is, therefore, 0.7 (Table 7). Charlesworth et al. [28] and Muthanna et al. [36] also reported
very small percentages (2.5% and 3.2%) of areas suitable for infiltration SuDS in the city of
Coventry (UK) and Trondheim (Norway) respectively.

The areas with medium-high suitability (10.14 ha) represent 2.02% of the municipal
area and 3% of the total green areas (Table 11). 6.05 ha are urban green areas and 4.09 are
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agricultural, wooded and semi-natural areas. No green areas connected to the transport
network are included in the medium-high suitability class.

Table 10. Municipal areas compatible with creating GI: Values in ha, % of municipal area [ma] and % of total green
areas [tga].

Class of Green Area
High Compatibility Medium Compatibility Low Compatibility

ha % of ma % of tga ha % of ma % of tga ha % of ma % of tga

Agric., wooded and
semi-natural 16.62 3.31 4.92 91.24 18.19 27.03 146.74 29.25 43.47

Green areas connec. transport 0.00 0.00 0.00 7.07 1.41 2.09 0.00 0.00 0.00
Urban green areas 71.9 14.33 21.30 3.99 0.80 1.18 0.00 0.00 0.00

Total 88.52 17.64 26.22 102.3 20.39 30.31 146.74 29.25 43.47

Table 11. Suitability of municipal areas for creating GI: Values in ha, % of municipal area [ma], and % of total green
areas [tga].

Class of Green Area
Medium-High

Suitability
Medium

Suitability
Medium-Low

Suitability
Low Suitability Null Suitability

ha
% of
ma

% of
tga

ha
% of
ma

% of
tga

ha
% of
ma

% of
tga

ha
% of
ma

% of
tga

ha
% of
ma

% of
tga

Agric., wooded, and
semi-natural 4.09 0.82 1.21 0.7 0.14 0.21 12.39 2.47 3.67 214.9 42.83 63.65 22.55 4.49 6.68

Green areas connec.
transp. 0.00 0.00 0.00 0.00 0.00 0.00 6.02 1.20 1.78 0.00 0.00 0.00 1.04 0.21 0.31

Urban green areas 6.05 1.21 1.79 0.17 0.03 0.05 51.86 10.34 15.36 0.52 0.10 0.15 17.58 3.50 5.21
Total 10.14 2.02 3 0.87 0.17 0.26 70 14.01 20.82 215.4 42.93 63.81 44.06 8.78 12.20

The agricultural, wooded and semi-natural areas are very close to the urban area
(Figure 10) so they are indeed interesting for the sustainable management of rainwater.
Christman et al. [27] also reported the presence of a percentage (between 5% and 22%) of
non-urban areas among the high-priority GSI (Green Stormwater Infrastructure) imple-
mentation sites in the city of Philadelphia (USA).

 

Figure 10. Typologies of green areas with medium-high suitability for creating GI in the municipality
of Caponago.
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Only 27% of urban green areas with medium-high suitability for the construction of
the GI are public areas. The remaining 73% is private, 68% residential and 5% industrial
(Figure 10). Dhakal and Chevalier [24] reported a similar average percentage (65–75%) of
private land in five American cities (Portland, Seattle, Philadelphia, Chicago, and Syracuse),
noting that incentives and other programs offered to private landowners have produced
encouraging results.

The areas with medium-low suitability constitute 14.01% of the municipality and
20.82% of the green areas. The areas with low suitability represent 42.93% of the municipal-
ity and 63.81% of the green areas.

4.2. Conclusions

The proposed Green Infrastructure Suitability Map is a tool that municipal authorities
can use as:

• An informative basis in the land-use planning process in order to set up or update the
municipal plan (PGT) with reference to rainwater management, in accordance with
the regulations of Lombardy Region;

• A necessary knowledge basis for the definition of municipal stormwater management
plans, particularly related to the choice of the most appropriate NBS for each location.

The localization of the most appropriate intervention must be made on the basis of
the assessed territorial characteristics, type of prevalent function required (e.g., detention,
retention, flow control, infiltration, filtration, or evapotranspiration), context (urban or
rural–natural), expected use (accessible to people or not), and maintenance needs.

Our work is still in progress. The Green Infrastructure Suitability Map is the first step
towards the development of a more complete process of identifying the type of NBS which
is best suited to address various specific local problems.
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Abstract: Implementing nature-based solutions (NBSs) in cities, such as urban forests, can have
multiple effects on the quality of life of inhabitants, acting on the mitigation of climate change, and
in some cases also enhancing citizens’ social life and the transformation of customer patterns in
commercial activities. Assessing this latter effect is the aim of this paper. An agent-based model
(ABM) was used to assess change in commercial activities by small and midsize companies in retail
due to the development of parks. The paper focuses on the potential capacity of NBS green spaces
to boost retail companies’ business volumes, thus increasing their revenues, and at the same time
create a pleasant feeling of space usability for the population. The type of NBS is not specified but
generalized into large green spaces. The simulation contains two types of agents: (1) residents and
(2) shop owners. Factors that attract new retail shops to be established in an area are simplified, based
on attractor points, which identify areas such as large green spaces within and around which shops
can form. The simulations provided insights on the number of retail shops that can be sustained
based on the purchasing behavior of citizens that walk in parks. Four European cities were explored:
Szeged (Hungary), Alcalá de Henares (Spain), Çankaya Municipality (Turkey) and Milan (Italy).
The model allowed analyzing the indirect economic benefit of NBSs (i.e., large green spaces in this
case) on a neighborhood’s economic structure. More precisely, the presence of green parks in the
model boosted the visits of customers to local small shops located within and around them, such as
cafés and kiosks, allowing for the emergence of 5–6 retail shops (on average, for about 800 walking
citizens) in the case of Szeged and an average 12–14 retail shops for a simulated population of
2900 persons that walk in parks in the case of Milan. Overall, results from this modeling exercise can
be considered representative for large urban green areas usually visited by a substantial number of
citizens. However, their pertinence to support for local policies for NBS implementation and other
decision-making related activities of socioeconomic nature is hampered by the low representativeness
of source data used for the simulations.

Keywords: urban green areas; nature-based solutions (NBSs); agent-based model (ABM); firmo-
graphics; market segmentation

1. Introduction

A recent analysis by the United Nations [1] highlighted that the current share of the
world population living in cities and urban areas (around 55%) is expected to increase
steadily to 68% by 2050. At the same time, in Europe, the number of people living in
urban areas will considerably grow from approximately 73% today to over 80% by 2050.
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New techniques and approaches are thus required to design sustainable cities for future
dense populations in narrower areas [2]. Population growth has pushed cities to adopt
new revitalization schemes, forcing market dynamics to reshape the landscape of retail
businesses, with retailers attempting to adopt innovative strategies in order to keep up
with the new patterns arising in a changing society [3]. In this framework, the concept of
biophilia has emerged. This concept is based on the acknowledgement that connection
with nature (not only on a physical level, but also mentally and at a social level) is an
innate biological need of humans, and that this connection affects our personal wellbeing,
productivity and societal relationships. In this sense, several studies show the stress
relief properties derived from the ability to directly access nature and the many positive
influences of the natural environment on various human psychological states [4,5]. In
addition, the connection of natural stimuli coming from nature with significant and positive
effects on emotional responses in retail-store settings has also been demonstrated [6].

Urban green and blue spaces, such as urban parks, forests, gardens, water streams, green
roofs and green facades, not only result in multiple co-benefits for health, the economy, society
and the environment but also provide habitats for several species [7]. These are all nature-
based solutions (NBSs), which are defined by the European Commission (EC) as “solutions
inspired and supported by nature, which are cost-effective, simultaneously provide environ-
mental, social and economic benefits and help build resilience. Such solutions bring more and
more diverse natural features and processes into cities, landscapes and seascapes, through
locally adapted, resource-efficient and systemic interventions” (https://ec.europa.eu/
info/research-and-innovation/research-area/environment/nature-based-solutions_en (ac-
cessed on 15 June 2021)) The EC has developed a framework to assist member states in
mapping and assessing the “urban ecosystem”, which consists of both built and green
infrastructure and delivers a wide range of social, economic and ecological services [8].

The concept of NBSs has been extensively studied, with a broad range of literature
reviews synthesizing existing knowledge on NBSs in relation to urban contexts being
published in recent years [9,10]. According to a recent literature review on stakeholders’ en-
gagement in NBSs [11], most studies have focused on the social and environmental benefits
of NBSs. The social benefits most often investigated are related to access or proximity to na-
ture, physical and mental wellbeing and exercise. The most studied environmental aspects
are related to air quality, climate regulation, biodiversity and wildlife. Studies focusing on
economic benefits remain lacking, though some exist that include wood provision [12,13],
increase in property value [14–16] and food provision [17–19]. This identified bias toward
social and environmental benefits is also highlighted by Parker and co-authors [20]. In
addition, a recent literature review on key enablers and barriers to the uptake and imple-
mentation of NBSs in urban settings [21] identified five publications [22–26] that included
economic opportunities and jobs as part of the objectives evaluated in mostly integrated
evaluations of case study applications.

More specifically, in Chen et al. [22], the socioeconomic benefits of farm ponds in
Southern China are roughly estimated. These benefits stem from the hydrological regula-
tion and flood alleviation services that ponds provide, contributing to social stability, and
the improved nutrient cycling beneficial for agricultural production and the farm economy.
Especially in the case of the city of Wuhan, the authors reported a generated profit from fish
production between USD 1.96 and 2.55 per square meter and an estimated benefit for the en-
tire city, coming from the industry of pond aquaculture, of approximately USD 145 million.
In Liquete et al. [23], a multi-criteria analysis (MCA) is used to assess the environmental,
social and economic benefits provided by the Gorla Maggiore water park in Northern Italy.
Although an estimation of the costs associated with the alternatives assessed in the MCA is
provided, conclusions from this study do not prove that economic benefits actually arise
from the transition from an alternative grey infrastructure and from the previous situation
(a poplar plantation) to the proposed green infrastructure. Relying on figures reported in
Terrapin [27], Santiago Fink [24] provides instead some estimates of the potential economic
benefits arising from access (even just visual) to green spaces and simply daylight. The
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benefits, which are only based on expert-based judgements, range from reduced stress
and increased productivity of employees in businesses and offices to faster recovery after
surgery in hospitals, improved test scores of students in schools and consequent reduction
in school dropout rates, reduction in healthcare insurance premium expenses due to better
physiological and mental state induction and finally reduction in criminal acts (violence
and aggression). While the flood and coastal erosion risk management (FCRM) Partnership
Calculator (https://www.gov.uk/guidance/partnership-funding (accessed on 15 June
2021)) developed by Short et al. [25] is used to estimate the economic benefits of protecting
some river catchment properties in the United Kingdom from single rainfall events using
natural flood management interventions, the approach used takes an economic-based
perspective typical of the insurance sector. Finally, van der Jagt and co-authors [26] make
the point that gardeners of large plots need to organize themselves in a company, meet
food handling regulation and pay tax. This helps to create proper green jobs and revenue.
However, no quantification of this job creation potential is given, even for the few European
cities that are reported as examples of communal urban gardening (CUG) in the paper.

Despite this diversity of successful achievements and findings, none of these examples
presents a computational tool to simulate and quantify the economic advantages associated
with the future implementation of NBS scenarios. In other words, to the best of the
authors’ knowledge, the recent and growing NBS literature still does not offer examples of
computational tools that allow simulating NBS implementation models with the possibility
of tweaking parameters of interest. A gap regarding such aspects therefore exists in NBS
research, which this paper has the ambition to, at least partially, address. Accordingly,
the paper aims at creating quantitative simulations of the effects of developing large
NBSs in cities, such as parks, on the change in commercial activities based on small and
midsize companies in retail. The research hypothesis is that an NBS (or collection of
NBSs), such as an urban park, can attract people in areas previously not frequented by
outsiders. Such an increase (and the possible diversification) of daytime and sometimes
nighttime human activities can potentially favor the growth of pre-existent commercial
activities and attract new hospitality and retail activities in a certain urban area. An
agent-based modeling approach, as illustrated in the section, is used to accomplish the
objective of this study. The developed agent-based model (ABM) furthers NBS assessments
from two perspectives: firstly, to explore the dynamics between NBSs and socioeconomic
development as a deductive process. Beyond developing an understanding of what factors
are relevant or not in this context, it also informs regarding what data to collect to establish
inductive evidence on the relationship between the existence of NBSs in an area and
socioeconomic indicators, using statistical analyses to validate relationships. Secondly, the
model is used as a quantitative tool for urban planners to assess socioeconomic benefits
once the relationships in the model have been validated by inference of relationships using
real-world observations. This paper concerns the first exploratory aspect.

2. State of the Art

The economic attributes of NBSs have mostly been studied in relation to the economic
effects of climate change mitigation and adaptation, e.g., in the recent report by the United
Nations Environment Programme [28]. However, the potential economic co-benefits of
NBSs can also go beyond these core objectives of NBSs, thereby providing even more eco-
nomic reasons to implement them. Providing insight to practitioners and decision makers
about these additional economic benefits is critical. As stressed in Babí Almenar et al. [10],
in order to facilitate the operationalization of the NBS concept, the added value of NBSs and
the potential co-benefits that they provide need to be easily understood by practitioners
and decision makers. Those authors argue that practitioners and decision makers need
more studies exploring the relationship between specific urban NBS and specific benefits.

Several studies [29–36] have underlined financial constraints and a lack of funding as
part of the challenges identified by citizens and stakeholders in the implementation of NBSs.
Additional studies [37–39] indicate that a lack of financial incentives and strong business
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models is an important barrier to the implementation of NBSs. As such, current literature
reviews highlight that there is a lack of studies focusing on the economic benefits of
NBSs [40,41]. Therefore, this paper contributes to the discourse on quantitatively evaluating
and modeling the potential of NBSs from an economic perspective that goes beyond the
economic benefits directly related to climate change mitigation or adaptation.

One of the benefits of NBSs, in particular urban green parks, is that new retail and
hospitality companies/firms tend to move into such areas. With the foreseen increase
in the number of people in urban areas, one of the possible boundary conditions for the
willingness of companies to establish a presence in these areas is change in popularity. The
rates of vacant spaces [42] and firm population can also be considered boundary conditions.
There are several such factors mentioned in the literature. For instance, companies can
move into an area in different ways: new companies may enter the market, or an existing
chain may wish to open a new facility or relocate. Studies show that old firms prefer
to stay at their home region or fixed locations [43], while new entrepreneurs often treat
their hometown as a natural start-up location [44]. Van Dijk and Pellenbarg [45] used
data from the Netherlands and showed that firm internal factors such as the economic
sector, firm size and previous migration behavior are good predictors that can explain
a firm’s decision to relocate. Similar results can be found in other studies [43,46]. The
relationship between a firm and other organizations in its environment has been shown to
significantly enhance the explanatory power of firms’ relocation models, and this effect
varies depending on the strength and geographical distance of their relationships [47].
Bodenmann and Axhausen [48] showed that local taxes have a very positive effect on
firm relocation; they also found that distance is an important indicator, and significant
differences exist between sectors. Location selection models for firms in urban areas and
details of the simulations can be found in De Bok and Bliemer [49] and Waddell et al. [42].

The design of ecological spaces and environments has a potential effect on visiting and
shopping intentions [50]. This is in line with the increase in the likelihood of making a retail
drink or food purchase for a person during a visit or recreational activity in large green spaces
(either enroute in travel or at the NBS site). The effects of the ecological design of hotels on
behavioral intentions and the resulting competitive advantage in terms of intention to revisit
and willingness to pay more are discussed in Lee et al. [51]. Service and commercial environ-
ments offering natural settings have been studied and analyzed in terms of comfort, customer
behavior and psychological responses in Purani and Kumar [52]. Some studies investigated
nature-based applications as a variable of attraction [50], while other studies suggest that
natural settings in retail areas support attention and bring cognitive benefits [53,54].

Biophilic design offers many possibilities through its attributes and elements [55],
beyond the benefits of access to nature, for enhancing social life or commercial activities in
urban environments. Within its element of place-based relationships [55], biophilic design
recognizes attributes such as geographical, historic, ecological and cultural connection to a
place, as well as integration of culture and ecology, avoiding placelessness, as well as creating
a spirit of place. By recognizing these attributes, biophilic design emphasizes the importance
of the issue of identity of place and unique site-specific values within urban locations.
Integrating the abovementioned attributes in the planning of urban sites and NBS spaces
can enrich the overall quality of space and create specific site values that offer unique,
memorable and positive experiences to people. In terms of branding and marketing, a
properly curated identity and spirit of a place (in line with biophilic guidelines) presents a
unique site value which can be marketed and exploited, resulting in enhanced social and
commercial activities and therefore boosting the place’s attractiveness.

To examine the relationship between NBSs and socioeconomic development, this
paper deploys a simulation approach. In particular, an ABM is used to assess change in
commercial activities by small and midsize companies in retail due to the development of
large NBSs, such as parks. This concept is based on the notion that an NBS (or collection
of NBSs), such as an urban park, can attract people to areas previously not frequented by
outsiders. The increase (and possible diversification) in daytime and sometimes nighttime
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activities potentially favors the growth of pre-existing commercial activities and attracts
new hospitality and retail activities in an area.

The choice of simulation to study this relationship in a dynamic manner, as opposed,
for example, to a static statistical evaluation of time–series datasets, was made.

An ABM (in its purest form) is made up of “objects”, which from a computer science
standpoint are “computational entities that encapsulate some state, are able to perform
actions, or methods, on this state, and communicate by message passing” [56]. An ABM
allows the representation of individual objects (agents) with their specific characteristics.
Agent-based simulations are bottom-up: at the lowest level, agents interact and, as a result,
the macro behavior of the system (not from superposition, but from the interaction of
micro level behaviors) might emerge at a higher level [57]. This is why, in de Marchi and
Page [58], ABMs are defined as consisting of “autonomous, interacting computational
objects, called agents, often situated in space and time”, and in Macy and Flache [59], it is
stated that an ABM “replaces a single integrated model of the population with a population
of models, each corresponding to an autonomous decision maker”.

For this reason, ABMs make it possible to simulate agents belonging to different
societal groups, which differ in terms of factors such as age, lifestyle, economic status,
preferences and motivation. Moreover, in ABMs, spatial information and its interaction
with agents can be readily incorporated based on a geographical information system (GIS)
support map. In the context of the application described in this paper, this is meaningful
for evaluating heterogeneity between NBS spaces, interactions between NBSs and local
retailers and other structures associated with urban NBS networks. As described in
Marvuglia et al. [60], an ABM comprises a set of agents which can belong to certain
classes and are characterized by the asset of attributes defining their characteristics. These
attributes can be static or vary in the course of the simulation as a result of the actions
undertaken by the agents. The latter are regulated by a set of decision rules that steer agents’
behavior. Agents operate within a certain environment, which not only is determined by the
spatial context but, in a larger sense, also comprises time and exogenous events [60].

The property of emergence discussed above differentiates ABMs from other single-level
simulation system models. In Laurenti et al. [61], it is clarified that system models can be
either quantitative or qualitative: quantitative models are system dynamics (SD) models,
while qualitative models are causal loop diagrams (CLDs). SD models are focused on dynamic
behavior over time, have stocks and flows, represent feedback loop structures and require
specific parameters, equations and computer simulations to run. A typical CLD, in contrast,
consists of a set of symbols describing a dynamic system’s causal structure: variables, causal
links (between the variables) with a polarity and symbols that identify feedback loops with
their polarity. Causal links have a direction and a polarity; they also sometimes have a delay
mark. More details on CLDs and the concepts behind them can be found in Schaffernicht [62].

The SD society defines SD as “a computer-aided approach to policy analysis and de-
sign. It applies to dynamic problems arising in complex social, managerial, economic or eco-
logical systems–literally any dynamic systems characterized by interdependence, mutual
interaction, information feedback, and circular causality” (http://www.systemdynamics.
org/what-is-s/ (accessed on 15 June 2021)).

Gilbert and Troitzsch [63] argued that SD simulations only have a single level: they
model the individual, the firm, the organization or society; they cannot model interactions
between scales or levels and so do not exhibit emergent behavior. Compared to SD, ABMs
allow the modeling of more complex dynamics because system structure can also change
during simulation. In SD, a fixed interaction structure is defined and maintained, which
means that connections between different actors/elements have to be defined before
starting the simulation. Using an ABM, one only defines an interaction space in the form of
the types of interactions that agents are allowed to have [64]. Both SD and ABM approaches
are capable of representing temporal aspects of dynamic systems, but ABM approaches
are more appropriate for modeling spatially explicit complex systems because they can
handle spatial heterogeneity in individual attributes and simulate their mobility [65]. ABM
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is also a better approach for modeling heterogeneity in individual attributes and in the
network of interactions among population elements; however, this means that AB modeling
requires the collection of more data at the level of individuals, which in turn leads to a
slower modeling process, higher computational costs and more difficult calibration in ABM
compared to the SD approach.

This paper investigates, via the agent concept, the number of retail shops that can
be sustained through NBS green spaces and the potential revenues and profits that can
be boosted by these spaces. The simulation utilizes a causal chain layering modeling
approach [66] and draws from neoclassical economics theory about profit maximization.
The type of NBS is not specified but generalized into large green spaces. In future versions
of the model, this could be further subdivided into specific NBSs such as large urban parks,
heritage gardens, green cemeteries, woods and so forth.

3. Materials and Methods

An ABM, implemented in the popular Netlogo (https://ccl.northwestern.edu/netlogo/
(accessed on 15 June 2021)) platform (version 6.0.4) [67,68], was applied in this paper.
Figure 1 shows a screenshot of the user interface of the model. For an overview of ABM
modeling platforms in the context of simulation modeling, please refer to Abar et al. [69].
The Netlogo platform was selected for its versatility and robustness in deploying a wide
range of modeling rules for this use case. To this end, it is highly suitable for exploratory
academic research such as the one carried out in this paper. Its limitations are its computa-
tional scalability and inability to be integrated in modern cloud computation, because of
which it is not suitable for large-scale simulations or exploitation as a commercial service.

 

Figure 1. Screenshot of Netlogo model’s interface for socioeconomic and commercial development resulting from NBS changes.
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The simulation contains two types of agents: (1) residents, some of whom carry out
activities in green spaces and as such sometimes purchase drinks and food items; and
(2) shop owners, who establish shops across the city. The simulation is initialized with a
number of initial shops as set by the user, and new shops are created while running the
model. Factors that attract new retail shops to establish a presence in an area are simplified
based on attractor points, which identify areas such as large green spaces within and
around which shops can emerge.

Population agents are further segmented based on two characteristics: (1) the share of
agents who walk in green spaces and (2) purchasing behavior, i.e., buying a drink and/or
food item. Walking characteristics are initialized by a probability setting as an initial input.
A Gaussian probability density function is used for this purpose. The user can set the mean
and standard deviation to modify the population share that walks in the park.

The user can further divide those who walk in green spaces into:

• The proportion that has a low walking activity, with 1 walk during the workweek of
20 min on average and 1 during the weekend of 30 min on average;

• The proportion that has a medium walking activity, with 3 walks during the workweek
of 30 min on average and 2 during the weekend of 60 min on average;

• The proportion that has a high walking activity, with 8 walks during the workweek of
40 min on average and 4 walks during the weekend of 80 min on average.

The share of the population that is employed can also be set to influence the population
that stays at home during the day and thereby has more propensity to walk in green spaces
(if that agent does walk in green spaces as described above). In addition, the number of
initial shops and the number of years that the model should be run for (ranging from 1 to
10 years) can be set.

3.1. Agent Activities

Population agents in the simulation carry out three main categories of activities:

1. Daily routine activities (sleep, school or work or stay at home, leisure);
2. Walking in green spaces;
3. Purchasing a drink or food.

The population is initialized with a set of activities, such that not all agents have the
same activity “set”. The switch between activities as dependent variables takes place for
each agent across the day based on an activity transition probability. At a set interval
during which a transition can occur, such as between 6 a.m. and 9 a.m., a probability roll
is made at a 10-minute timestep interval, resulting in 18 probability rolls during the time
interval. A Gaussian probability distribution is assumed. Since it is not modeled what
influences this probability, as this lies outside of the scope of the model, no additional
independent variables are included.

Varying standard deviations can be provided for each transition. In total, the model
contains eight transitions:

1. Sleeping to awake at home;
2. Awake at home to school (for population members who attend school);
3. School to home (for population members who attend school);
4. Awake at home to work (for population members who work);
5. Work to home (for population members who work);
6. Home to walk in park;
7. Walk in park to home;
8. At home to sleep.

Based on the set of transitions, a daily pattern emerges, which determines at what time
residents are in green spaces or elsewhere. In addition, the difference between weekends
and weekdays is considered, such that there are no to/from work and to/from school
transitions during weekends.
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3.2. Purchasing Behavior, Firm Financial Flows and Firm Disappearance

Resident agents are characterized by a daily food status and a daily drink status,
which indicates the extent to which, for a given day, they need a food or drink item. If
they have already consumed a food or drink item, the status of consumption is set to
“saturated”, and they will no longer seek to purchase any food or drinks. If their status
is not yet “saturated”, there is a probability that a food or drink item may be purchased.
The occurrence of a purchase is based on a uniform probability roll from 0 to 1, with a 0.90
or higher probability threshold for drink item purchases and a 0.97 or higher probability
threshold for food item purchases. These rolls are made in every 10-minute timestep, such
that the longer the time a person spends in an NBS space, the higher the likelihood of
a purchase. For example, a 50 min time spent in an NBS green space results in a 50%
probability of a purchase. In the current version of the model, due to the lack of data, there
is no distinction between those who never purchase any drinks and/or food items, those
who rarely purchase drinks and/or food items and those who frequently purchase drinks
and/or food items.

Once a drink purchase is made, it yields additional revenue for the shop where it is
made. Prices are assumed based on a generic “drink” and generic “food item” and set to a
randomized value per shop. The price value for drinks is set to vary between 2 and 3 euros,
and food prices between 4 and 5 euros. Variable costs, including food costs and labor cost and
other consumables, are assumed to be 50% of the price level, and fixed costs are introduced
at 20,000 euros per year assuming space rental, financing, taxes and electricity and water
charges at 1667 euros per month. The difference between revenues and costs results in the
net profit or loss of the shop, which indicates its financial sustainability (or lack thereof).

It is assumed that a purchase is always made at the retail shop that is closest to the
resident agent in terms of spatial distance. To this end, spatial distance is estimated for
each purchase that is made to assign the purchase to the closest retail shop, which is critical
in order to evaluate which retail shops survive because they make enough sales and which
close down because of a lack of revenue.

If shops make a substantial loss that is equivalent to half of their fixed costs per annum,
it is assumed that they disappear and are removed from the simulation. Thus, the only
shops that survive are those that make a profit on a sustained basis, based on the number
of customers they can obtain by being in a location close to a large number of customers
who are local residents.

3.3. New Firm Appearance and Location Choice

The simulation also allows new shops to appear with similar rules for revenues, costs
and profits. The locations in which new shops can appear are fixed as an initial input based
on “attractor points”. New shops can appear only near these attractor points, which denote
either city center areas or the center of large green spaces in the simulation. The idea is that
companies do not randomly set up shop somewhere but are attracted to particular locations
based on their characteristics, such as population density and visitor popularity. The idea
behind attractor points was developed by Arentze and Timmermans [70], who studied firm
location choice in urban settings based on a specific value per spatial cell for a company.

The probability that a new shop will emerge is based on a uniform probability roll
between 0 and 10, with a 5% probability that a new shop will establish a presence per
probability roll. The periodicity at which a probability roll is made for a new shop to
emerge can be on a daily, weekly or monthly basis.

4. Results

The model was run for four different European cities: Szeged (Hungary), Alcalá
de Henares (Spain), the Metropolitan City of Milan (Italy) and Çankaya Municipality
(Turkey). A total of six model runs were established for each city. Each of these runs
covered a five-year period for which daily population activities at 10 min intervals were
simulated, including park walking for weekdays and weekends. The input variations
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were the number of initial shops at the start of each model run, set to 1, 5 or 10 retail
shops randomly allocated across the city. Each run was carried out twice to give a course
understanding of variability across model runs.

4.1. Results for Szeged (Hungary)

The simulation area was selected to cover the center of Szeged with surrounding areas
and satellite peri-urban areas. The model runs for Szeged showed that for a simulated
population of approximately 800 citizens who walk in parks (out of 1583 citizens), a total
of 5 to 6 retail shops can be supported based on drink and food purchases associated with
time spent in green spaces (Table 1). The final number of shops at the end of the 5-year
simulation varied substantially between 3 and 8. No substantial difference was found
between different initial numbers of retail shops. The location of the shops was found to be
closely related to green spaces. At least 50% of the shops were located within or at the edge
of green space areas, and in most cases, 75% of shops were located in green spaces. In one
simulation run, all retail shops were in green spaces (see Figure 2).

Table 1. Szeged: simulation results for socioeconomic and commercial development resulting from
NBS changes.

Run Set #
Population
(# People)

Population
Walking in Parks

(# People)

Number of Retail Shops

At Start of
Model Run

At End of
Model Run

Average across
Model Run

1 1583 827 1 8 6
2 1583 783 1 3 5
3 1583 818 5 7 6
6 1583 873 5 6 5
5 1583 810 10 3 5
6 1583 845 10 5 5

 

Figure 2. Final map location results for Szeged of retail shops across six model runs. Initial retail shops (if still existing)
in orange; new retail shops in yellow. Land use is depicted based on green spaces (green), households (blue), agriculture
(pink) and commercial spaces (grey).
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4.2. Results for Alcalá de Henares (Spain)

The simulation area was selected to include the center of Alcalá de Henares with
surrounding areas and satellite peri-urban areas. The model runs for Alcalá de Henares
showed that for a simulated population of approximately 1500 citizens who walk in parks
(out of 2900 citizens), a total of 7 to 9 retail shops can be supported based on drink and food
purchases associated with time spent in green spaces (Table 2). The final number of shops
at the end of the 5-year simulation was quite stable at 7 or 8. No substantial difference
was found between different initial numbers of retail shops, which varied between 1 and
10 across the 6 model runs. The location of the shops was mostly in residential centers far
from larger green spaces. Approximately 25% to 50% of shops were located within or at
the edge of green space areas. At maximum, half of all retail shops were in green spaces
(see Figure 3).

Table 2. Alcalá de Henares: simulation results for socioeconomic and commercial development
resulting from NBS changes.

Run Set #
Population
(# People)

Population
Walking in Parks

(# People)

Number of Retail Shops

At Start of
Model Run

At End of
Model Run

Average across
Model Run

1 2868 1559 1 8 9
2 2868 1498 1 8 9
3 2868 1511 5 7 6
6 2868 1440 5 7 8
5 2868 1448 10 8 7
6 2868 1461 10 8 7

 

Figure 3. Final map location results for Alcalá de Henares of retail shops across six model runs. Initial retail shops (if still
existing) in orange; new retail shops in yellow. Land use is depicted based on green spaces (green), households (blue),
agriculture (pink) and commercial spaces (grey).

4.3. Results for the Metropolitan City of Milan (Italy)

The simulation area was based on a portion of the Northern Milan Metropolitan
Area centered on the quarry restoration site in Parco Lago Nord selected with surround-
ing neighborhoods.
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The model runs for the Metropolitan City of Milan showed approximately 3000 walks
in parks for a simulated population of approximately 5600 citizens, and as a result, a total
of 12 to 14 retail shops can be supported based on drink and food purchases associated
with time spent in green spaces (Table 3). The final number of shops at the end of the
5-year simulation was quite stable at 13 or 14. No substantial difference was found between
different initial numbers of retail shops, which varied between 1 and 10 across the 6 model
runs. The location of the shops was mostly in residential centers at a reasonable distance
from larger green spaces. Approximately 33% to 40% of shops were located within or at
the edge of green space areas. At maximum, half of all retail shops were in green spaces
(see Figure 4).

Table 3. Metropolitan City of Milan: simulation results for socioeconomic and commercial develop-
ment resulting from NBS changes.

Run Set #
Population
(# People)

Population
Walking in Parks

(# People)

Number of Retail Shops

At Start of
Model Run

At End of
Model Run

Average across
Model Run

1 5592 2929 1 14 14
2 5592 2950 1 13 12
3 5592 2919 5 14 13
6 5592 2943 5 13 13
5 5592 2921 10 14 13
6 5592 2815 10 14 12

 

Figure 4. Final map location results of retail shops across six model runs for the Metropolitan City of
Milan. Initial retail shops (if still existing) in orange; new retail shops in yellow. Land use is depicted
based on green spaces (green), households (blue), agriculture (pink) and commercial spaces (grey).
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4.4. Results for Çankaya Municipality (Turkey)

The simulation area was based on the southeast area of Ankara, where Çankaya
Municipality is located.

The model runs for Çankaya Municipality showed close to 1600 walks in parks for a
simulated population of approximately 3000 citizens, and as a result, a total of 7 to 9 retail
shops can be supported based on drink and food purchases associated with time spent in
green spaces (Table 4). The final number of shops at the end of the 5-year simulation varied
significantly between 5 and 11. No substantial difference was found for the average number
of retail shops, based on the initial number of retail shops, which varied between 1 and
10 across the 6 model runs. The location of the shops was primarily in residential centers
quite far away from larger green spaces. In five out of six model runs, only approximately
12.5% of the shops were located within or at the edge of green space areas. At maximum,
25% of retail shops were in green spaces (see Figure 5).

Table 4. Çankaya Municipality: simulation results for socioeconomic and commercial development
resulting from NBS changes.

Run Set #
Population
(# People)

Population
Walking in Parks

(# People)

Number of Retail Shops

At Start of
Model Run

At End of
Model Run

Average across
Model Run

1 3000 1569 1 8 9
2 3000 1596 1 11 8
3 3000 1545 5 7 7
6 3000 1553 5 6 8
5 3000 1608 10 5 8
6 3000 1610 10 11 8

 

Figure 5. Final map location results of retail shops across six model runs for Çankaya Municipality. Initial retail shops (if
still existing) in orange; new retail shops in yellow. Land use is depicted based on green spaces (green), households (blue),
agriculture (pink) and commercial spaces (grey).
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5. Discussion

The results of the model can be interpreted to be valid for large NBS park spaces
which are visited by a substantial number of citizens. Insights are thereby derived for such
spaces based on how much revenue can be generated locally by allowing for retail places
within or close to NBS park spaces.

The main limitation of the model relates to the absence of data on the preferences of
park visitors in terms of frequency of purchases and the amount spent on purchases. At
present, the model assumes a standard probability that does not change over time, while
purchases will in reality differ depending on the type of visitor, weekday or weekend day,
weather and other factors. The effect of this lack of information can cause a mismatch
between the purchases predicted by the model and real ones. A survey among park visitors
and/or observational results on purchases, if existing retail establishments are in place,
would be required to fill this data gap.

The second limitation of the model lies in the fact that more factors, in addition to
distance, can play a role in purchasing behavior, such as price and type of drink or food
available at a retail shop, versus the generic drink and food item currently provided in the
model. This is especially relevant for food items in cases where there are different dietary
segments of the population, as non-alcoholic drinks are relatively universally available
across retail shops. Moreover, a fixed ratio between profits, operational costs and a fixed
investment cost per shop was assumed, to allow focusing entirely on how many shops
emerged per size of the population that is walking and their location.

A third limitation consists in the selection of the number of locations where shops can
be established, which was constrained to a few in order to understand differences between
establishing shops in NBS park spaces or in city centers near or further away from NBS
park spaces. The number of areas where retail shops can be established is much larger, and
a much more complex locational option model would be needed if the aim is to predict
specific locations. For the purposes of understanding the number of shops and the extent
to which additional revenues can be generated by NBS green parks, this level of locational
detail is instead unnecessary.

A fourth limitation is that only baseline data were available from the cities involved in
the Nature4Cities project, due to which it was not possible to calibrate and parameterize the
model based on real-world observations. In a future research design bespoke to examining
NBSs and socioeconomic factors, significant funding and effort would be needed to further
advance the field to also include on-site surveys. Such surveys would have to cover at
least 1000 members of the local population in a city to establish activity–time–use patterns,
walking propensity, purchasing behaviors and relevant socioeconomic drivers.

The model described in this paper is based on a much simpler structure, and the
results are less detailed than those from other literature models. For example, Tsekeris and
Vogiatzoglou [71] developed a model which takes into account various exogenous elements
(migration and relocation, commuting, costs of households and firms, transport costs and
agglomeration economics), whereas the model of De Bok and Bliemer [49] considers
firm-specific behavior and quantifies the effects of spatial and transport planning on firm
population and mobility. The model applied in this paper is further based on much lower
information and data requirements and does not involve the use of complex economic
or transport models. Moreover, it deals only with local retailer shops and not with large
industrial firms, which thus makes it unnecessary to build an accurate model of the job
market or of transport policies. Nonetheless, the model can serve as a preliminary screening
tool to assess the possible impacts of urban green parks on the economic sustainability of
neighborhood-level small shops.

6. Conclusions

The agent-based simulation model developed in this paper simulated the change in
commercial activities by small and midsize companies in retail due to the development of
large green parks, which are a specific example of an NBS. Simulations were performed
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for four European cities taken as case studies. The number of shops, scaled based on the
size of the population, was simulated using a 5-year simulation with a 10-minute interval.
In the case of Szeged (Hungary), approximately 5–6 retail shops emerged on average for
approximately 800 walking citizens, with no variation if there were differences in new
retail shops. In the cases of Alcalá de Henares (Spain) and Çankaya Municipality (Turkey),
approximately 7–9 retail shops emerged for around 1500 walking citizens. The simulation
with Alcalá de Henares showed a lower number of shops in the case of 10 initial shops
(approximately 7 on average across the simulation) and higher in the case of 1 initial shop
(9 across the simulation), which may be a random result given the limited number of
simulations of 5 years and given that this result did not emerge in the simulations for other
municipalities/cities. The simulation for the Metropolitan City of Milan (Italy) provided
an average number of retail shops of 12–14 for a simulated population of 2900 that walks
in parks.

The results are generated using a combination of the number of people walking
in parks, the probability of a purchase, the number of purchases that need to be made
for shops to run breakeven given investment cost and the ratio between revenues and
operational costs. Since these were chosen based on educated estimates and not on local
evaluations, the results demonstrate the potential of such a model but cannot be used for a
real implementation of investment choices. If the model were built to concretely support
decision making in that sense, it would need to be informed based on local surveys to
better reflect the actual frequency of people who walk in parks and the segments they
belong to (in the simulation set as low, medium and high park walkers), as well as their
purchasing behavior in relation to socioeconomic factors, such as income. The simulation
would then allow for testing different variations in segments and their changes over time,
in terms of how many retail shops can be sustained.

Another established result was the location of retail shops in the simulations because
of the proximity between the place where a person is walking and the place where the
purchase happens.

It is further worth mentioning that the layout of the municipality and location of
green spaces have a substantial influence on where retail shops emerge and are maintained
because they can make sufficient profit to survive. The simulations showed that in cases
where there are limited large continuous green spaces, such as in the case of Szeged, it is
more likely that retail shops can be sustained in a concentrated green area, compared to
situations where there is a large fairly continuous area of green NBS space across the city
center, such as in the case of Alcalá de Henares and Çankaya Municipality. In the latter case,
walking behavior is more scattered, and it is more likely that retail shops will emerge at
the edge or closer to built-up residential areas. However, the simulations did not consider
asymmetrical attractiveness of green areas. In other words, the model did not account
for the possibility that certain green areas could be frequented more often than others for
walking purposes. This could nonetheless have substantial influence on the outcome.

The added value of the model presented here essentially lies in the capacity to analyze
the indirect economic benefit of NBSs on a neighborhood’s economic structure—more
specifically on the ability for large green spaces to provide revenue for their maintenance
and upkeep, through cafés within and around the NBS. Through the model, this benefit in
terms of commercial revenues that spring from NBSs can be quantified and thus provide a
basis for establishing NBS infrastructure on a healthier financial basis. In future versions of
the model, this could be further subdivided into specific NBSs such as large urban parks,
heritage gardens, green cemeteries, woods and so forth.
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Abstract: In recent years, nature-based solutions have been increasingly promoted as a climate
change adaptation instrument, strongly advocated to be co-created. Achieving clear, coherent, and
ambitious urban greening strategies, embedded in urban planning and developed in a co-creative,
participatory and inclusive manner, is highly challenging within the EU enlargement context. In this
article, such challenges are studied through two recent urban development initiatives in Belgrade, the
Capital of Serbia: the first initiative focuses on planning the new Linear Park, within the framework
of the CLEVER Cities Horizon 2020 project; the second initiative envisages the transformation of
the privatised Avala Film Complex in the Košutnjak Urban Forest, primarily led by private interests
but supported by the local authorities. The multiple-case study research method is applied, with
an exploratory purpose and as a basis for potential future research on evaluation of co-creation
processes for NBS implementation. The theoretical basis of this article is founded in the research on
sustainability transitions, focusing on multi-level perspective (MLP) framework. The urban planning
system in Belgrade and Serbia is observed as a socio-technical regime of the MLP. In such framework,
we recognize co-creative planning of the Linear Park as a niche innovation. We interpret opposition
towards planning of the Avala Film Complex as escalation, or an extreme element of the socio-
technical landscape, comprised of civic unrests and political tensions on one side, combined with
the climate crisis and excessive pollution on the other side. Moreover, the article examines informal
urban planning instruments that can be implemented by the practitioners of niche innovations, that
could support urban planners and NBS advocates in the Serbian and EU enlargement contexts to
face the challenges of motivating all stakeholders to proactively, constructively and appropriately
engage in co-creation.

Keywords: co-creation; nature-based solutions; urban planning; multi-level perspective; sustainabil-
ity transition

1. Introduction

Several environmental sustainability concepts have evolved through academic re-
search and policy practice over the past two decades [1], ranging from ecosystem services,
to over green infrastructure [2,3], to nature-based solutions (NBS) [4]. They nurture an
interdisciplinary approach to urban ecosystems [1], emphasizing multi-level governance
and strategic urban actions [5]. In recent years, the NBS have been increasingly promoted
as a climate change adaptation instrument by International Union for Conservation of
Nature (IUCN) [6–8] and the European Commission (EC) [9,10].

The EC defines NBS as dynamic and comprehensive “solutions that are inspired and
supported by nature, which are cost-effective, simultaneously provide environmental,
social and economic benefits and help build resilience; such solutions bring more, and more
diverse, nature and natural features and processes into cities, landscapes and seascapes,
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through locally adapted, resource-efficient and systemic interventions”. It further empha-
sizes that “nature-based solutions must benefit biodiversity and support the delivery of a
range of ecosystem services” [10] (p. 3).

Following the EC’s framework of Research and Innovation policy on “Re-Naturing
Cities and Green Infrastructure” [9], since 2015 NBS have been strongly embedded in the
Horizon 2020 Funding Programme [11] and advocated to be co-created in practice [10,11],
implying citizen participation in all NBS development stages: in their planning, design,
implementation, and monitoring and evaluation.

Although the notion of co-creation “arose from the business world” [12] (p. 205),
in the academic literature it gained ground as a common framework where multiple
stakeholders co-design research agendas, co-produce knowledge and co-disseminate it, in
various practical dimensions: scientific, international and sectoral [13]. Reflection among
all stakeholders is needed [13], but collaboration between researchers and policy officers is
critical, both for “policy-relevance of research and its policy uptake”, as well as for “new
insights for research blind spots” [14] (p. 90).

According to IUCN’s NBS Global Standards, one of the eight fundamental criteria of
NBS are to be “based on inclusive, transparent and empowering governance processes”, be-
ing further elaborated as that basic compliance of NBS with prevailing legal and regulatory
provisions “need to be complemented with ancillary mechanisms that actively engage and
empower local communities and other affected stakeholders” [8] (p. 14). This criterion or
principle of NBS is commonly referred to as co-creation of NBS, and has been increasingly
perceived as “a fundamental approach to address the impacts of global environmental
changes and create new opportunities for all people” [12] (p. 205).

Since 2020, NBS have been promoted as the main instruments of the envisaged Urban
Greening Plans—the new policy document recommended by the EC to all the cities bigger
than 20,000 inhabitants, starting from the year 2021 [15]. With such policy and financial
frameworks, the “promotion of healthy ecosystems, green infrastructure and nature-based
solutions should be systematically integrated into urban planning, including in public
spaces, infrastructure and the design of buildings and their surroundings” [15] (p. 13)
within the cities of the European Union (EU) member states.

However, achieving clear, coherent and ambitious urban greening strategies, embed-
ded in urban planning and developed in a co-creative, participatory and inclusive manner,
is highly challenging within the EU enlargement context, particularly in the Candidate
Countries and Potential Candidates of the Western Balkans.

Most of the countries/entities of the EU enlargement area belong to the post-socialist
context of the ex-Yugoslavia: Serbia and Kosovo (for the European Union, this designation
used is without prejudice to positions on status, and is in line with UN Security Council
resolution 1244/99 and the International Court of Justice Opinion on the Kosovo declaration
of independence), North Macedonia, Montenegro, and Bosnia and Herzegovina—namely,
all except Albania and Turkey [16].

Urban planning legal frameworks and practices of ex-Yugoslav countries are strongly
influenced by the Yugoslav socialist heritage and self-managed socialism as a unique
ideological standpoint. From this perspective, participation was supposed to become
part of day-to-day activities of citizens, which would lead to “authentic, free and creative
self-fulfillment of the citizens and their community” [17] (p. 23).

However, recent historical research on socialist practice shows that participation
in Yugoslav urban planning was rather declarative and poorly conducted, through lim-
ited techniques. Expert institutions substituted the power of the central state instead of
delegating it to the citizens for self-management [18].

Post-socialist socio-economic transition imposed new challenges [19], with inadequate
solutions for new plurality of interests within the market economy. The urban planning
approach and methodological processes were practiced as technocratic and exclusively
expert-based in most cases [20].
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To strengthen and ensure citizen participation in urban planning, the legislative
changes in Serbia in 2014 [21], introduced Early Public Consultation (EPC) as the first
of the two milestones in the formal urban planning procedure where the government
communicates the urban plan with the broader public. As a relatively new planning
instrument in society with a long tradition of centralized planning, EPC did not have a
significant role—until two years ago.

After realizing that a multitude of interest in post-socialist urban development sig-
nificantly threatens natural resources, in particular the green infrastructure, leading to
missed opportunities for NBS, the wider public favored raising pressure towards the local
authorities and urban planning institutions [22].

In this new, often conflicting urban planning setting, the local authorities declaratively
promote urban greening [23,24], but there is a significant discrepancy between policy
and practice. Moreover, co-creation is rarely perceived as an added value, due to a still
predominant rational top-down planning approach, the lack of facilitation expertise and the
rise of social and political tensions. However, local administrations have started realizing
the indispensability of communication with the wider public in recent months.

The challenge of inconsistency and duality of approaches towards nature-based so-
lutions and co-creation in the EU enlargement context will be illustrated in this article
with two recent urban development initiatives in Belgrade, the Capital of Serbia, more
precisely with specific official planning phases of both of the initiatives: the Early Public
Consultation procedures.

The first initiative focuses on the planning the new Linear Park, led by the City of
Belgrade as a Follower City of the CLEVER Cities project (a European-Commission-funded
project from the Horizon 2020 Innovation Action Programme under Grant Agreement
No. 776604. See https://clevercities.eu/ (accesed on 20 May 2021)), and its supporting
local partner Center for Experiments in Urban Studies (CEUS), represented by the authors
of this paper. The second initiative envisages transformation of the privatized Avala Film
Complex in the Košutnjak Urban Forest, primarily led by the private interest.

The theoretical basis of this article is founded in the research on sustainability transi-
tions, as an overarching field of approaches and perspectives regarding large-scale, long-
term and complex societal transformations toward sustainability [25–29]. Sustainability
transitions represent “a threat to existing dynamically stable configurations facing persis-
tent sustainability challenges, and they present opportunities for more radical, systemic,
and accelerated change” [29] (p. 600).

There are various frameworks for analyzing and interpreting sustainability transi-
tions [30,31], but this article will focus on multi-level perspective framework according
to Geels [25,26], which recognizes three main analytical levels: (1) socio-technical regime,
as a stable system of established practices and associated rules; (2) niches, as “protected
spaces” of experimentation and emerging innovations which “provide the seeds for sys-
temic change” (p. 27); and (3) the socio-technical landscape, as the wider, slowly-changing
external context that creates pressure on the regime.

The main research question of this article explores in which manner various (and
sometimes contradictory) urban planning cases can contribute to effective sustainability
transition regarding the urban planning system towards NBS co-creation, and what can be
learned from those cases if interpreted using the multi-level perspective framework.

Furthermore, we will examine which informal urban planning instruments and princi-
ples can be implemented by the practitioners of the niche innovations, in order to strengthen
their impact on the current socio-technical regime and its’ subsequent destabilization to-
wards a sustainability transition.

2. Materials and Methods

This article represents an inquiry of mainstreaming NBS and co-creation in urban
planning practice. The research focuses on analyzing how differences in planning ini-
tiatives’ participation solicit various reactions and may be the cornerstones of long-term
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socio-technical transition. The multiple-case study research method is applied with an
exploratory purpose to enable in-depth experiences, as contemporary phenomena within
their “real-life contexts” [32] but with contradictory narratives and implications, where
contextual conditions are highly pertinent to phenomena of the study. This may offer
insights that might not be achieved with other approaches [33] as a basis for developing the
“more structured” methodology that will be necessary for additional research strategies
expected in the future. Since case-study allows “to explain the causal links in real-life
interventions that are too complex for the survey or experimental strategies” [32] (p. 15), it
will also serve as a basis for potential research on evaluation of co-creation for NBS.

The case study method was performed from a third-person perspective or observer
position, even though the authors were directly involved in one of the examined planning
initiatives, namely, they planned, designed and implemented all the co-creation actions
related to the future Linear Park. Since these authors had very little control over the project
initiative initiation and implementation process, it is considered that this will not influence
the case study objectivity. On the contrary, their first- and second-person perspective
insights will support the in-depth analysis.

This research strongly correlates with Action Research, since it associates and “com-
bines theory and practice (and researchers and practitioners) through change and reflection
in an immediate problematic situation” [34] (p. 94). Iterative processes include problem
diagnosis, action intervention and reflective learning, performed jointly by researchers
and practitioners. They even include close-up and detailed observations via direct in-
volvement of researchers in the execution of the co-creation practice in real situations,
namely, the participatory planning processes. Furthermore, this research has strong fea-
tures of community-based participatory action research (PAR) as a distinct qualitative
methodology, since it relies on democratic and liberating processes in which participants
construct meaning [35].

The materials used in this research are official public documents and publications,
critical research publications, public social media announcements and published surveys
and interviews.

In the following subchapters, two major urban re-development initiatives in Belgrade
will be presented in an integrated way, providing vital information on the formal and
informal participation and planning processes. The Linear Park case-study with adopted
CLEVER Cities co-creation methodology [36] will be described and explained in detail.

2.1. Overview of the Dual Urban Planning Practices Regarding Co-Creation for NBS in Belgrade
in the Year 2020

Two major urban transformation initiatives raised the interest of both experts and the
broader public in the City of Belgrade in the year 2020: the new Linear Park in the area of
the former railway corridor from the Beton Hala until the Pančevo Bridge (4.5 km long)
was perceived as a prominent practice example, while transformation of the privatized
Avala Film Complex in the Košutnjak Urban Forest was perceived as problematic and
ineffective practice.

There are significant similarities between those two planning initiatives: both are
related to the green infrastructure of the City of Belgrade, as well as to investments and
real estate development plans of the SEBRE company (Beograd, Serbia) from the Czech
Republic. In both cases, the planning task is assigned to the Urban Planning Institute of
Belgrade, the most experienced and the most resourceful public planning agency in Serbia.
However, the planning initiatives’ communication; their sensitivity for public participation,
engagement and consultation; and the content and the ambition of the new proposals
significantly differ. This research focuses on analyzinganalyzing how these differences
solicit various reactions and may be the cornerstones of long-term socio-technical transition
towards co-creation and mainstreaming of NBS in urban planning in the local context.

Both cases will be analyzed primarily via EPC procedure as the first official, formal
planning milestone when the government communicates the urban plan’s initial ideas
under development with the broader public. However, by law, EPC does not impose

174



Sustainability 2021, 13, 7576

any interactive communication: materials are exposed for public insight but without any
presentations, discussions or workshops, although more significant and timely interaction
with the public was recognized as a necessity among professionals [37] and was the initial
goal of proposing and advocating for an additional instrument/step in the planning
procedure. Moreover, inputs from the public, obtained in the EPC, are non-binding and do
not require official feedback [21].

From 2018, the general public became more aware of urban planning enactment
procedures. It started to react to announcements, media texts, official elaborations and
related documents, and a significant number of community groups emerged in reaction to
the government’s urban plans intentions.

In the year 2020, just after the first peek of the COVID-19 pandemic, two interesting
EPC occurred that are the subject of this research.

2.2. Linear Park

The railway corridor between the Beton Hala and the Pančevo Bridge was perceived
as a zone for re-development from transit into a green space within the Plan of General
Regulation of Belgrade [38]. In this context, it was proposed by Belgrade’s City Authorities’
Secretariat for Environmental Protection, as a testbed for introducing the NBS in urban
planning practice within the CLEVER Cities project, initiated in June 2018 and funded
from the European Union’s Horizon 2020 innovation action program. In September 2018,
the Assembly of the City of Belgrade adopted a Decision on Development of the Plan of
Detailed Regulation (PDR) for Linear Park, Belgrade [39]. The main goal of this urban
plan is transformation of app. 46.7 ha of the former railway corridor land into a healthy,
inspiring and attractive space: a demonstration polygon for art and technology, using NBS
and co-creation in a broad participatory process (Figure 1).

Figure 1. Elaborate for the Plan of Detailed Regulation for the Linear Park: planned land-use
and contents [40].

Financing of the planning process is allocated from the local budget and the CLEVER
Cities project, which is the first such case in the City of Belgrade. Additionally, financing
PDR’s implementation is expected from local and national budgets and private funds (of
many real estate developments in the surrounding area but with unclear mechanisms),
other R&D projects (e.g., EuPOLIS), resources from the Instrument of Pre-Accession (IPA
funds) and loans of international financial institutions (e.g., European Bank for Recon-
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struction and Deveopment) [41]. The total investment value is roughly estimated at
50 million EUR [42].

In September 2019, the vacant city-owned land of the Marina Dorćol (4 ha of prime
construction land, with the capacity of 76,000 m2 over-ground new construction within the
realm of the Linear Park plan) was sold to the company MD Investment, in property of the
SEBRE company, as the only bidder of the public tendering process [43].

2.2.1. CLEVER Cities Co-Creation Methodology, Applied in Planning of the Linear Park

The conceptual setting of stakeholder engagement and co-creation critical issues is
derived from the CLEVER Cities Co-Creation Methodology, developed by Politecnico
di Milano and elaborated in detail within the CLEVER Cities guidance on co-creating
nature-based solutions Part I [44] and Part II [45].

This particular methodology provides “a complete co-creation pathway that encour-
ages decision-makers to embed citizen engagement methodologies as an approach to
co-design and co-implement NBS” [46]. Two main mechanisms for implementing NBS
in urban fabrics proposed by this methodology are: (1) urban innovation partnership
(UIP), as a “city-wide or district-focused informal alliance of local and city authorities,
community (groups), businesses, academics to promote the NBS for regeneration or urban
transformation, facilitate and drive the cocreation process” [44] (p. 8), and (2) CLEVER
Action Labs (CALs). According to this methodology, co-creation process is divided in five
phases: urban innovation partnership (UIP) establishment, co-design, co-implementation,
co-monitoring and co-development [12,44–46].

As this methodology was developed for the Front-Runner Cities (Front-Runner Cities
of the CLEVER Cities project are Hamburg, Milan and London) of the CLEVER Cities
project, which have been testing and demonstrating NBS in all the aforementioned phases
over the five years, CLEVER Cities local partners from Belgrade had to adopt this methodol-
ogy to the Follower City context, namely, to learn from project demonstrations, implement
adequate solutions and integrate them in a specific urban plan (Follower Cities of the
CLEVER Cities project are Belgrade, Larissa, Madrid, Malme, Sfantu George and Quito).

Therefore, co-creation process elaborated in this article focus on the first phase of the
CLEVER Cities co-creation pathway: urban innovation partnership (UIP) establishment,
comprised of fours specific steps/tools: (1) identification of CLEVER Cities project within
the city local context; (2) mapping and engaging of stakeholders; (3) launch of the urban
innovation partnership; and (4) design of the platform according to the local context [44].
The last step was optional, but in Belgrade it proved to be the crucial tool for establishing
transparent and regular communication among the UIP members and interested citizens,
as well as for building trust.

Since Belgrade does not demonstrate NBS implementation, the second, co-design
phase was adopted to “co-planning”, with appropriate adjustments of several specific
steps: launcing of the CAL at local level was performed as a more expert process, resulting
in the establishment and registration of BELLAB (BELgrade urban livig LAB, for further
information visit: bellab.rs (accessed on 10 May 2021)) as the first urban living lab in the
Western Balkans within the European Network of Living Labs (ENoLL). Co-design of
the NBS has been performed two-fold: (1) as education of wide stakeholders about NBS
via adjusted NBS Catalogue, selection of optimal NBS via polls and discussions, NBS
community mapping technique—both physically during on-site workshops (Figure 2) and
virtually on the miro board, as well as through NBS contest for conceptual design of the
Linear park; and (2) as co-creation of urban parameters for the Plan of Detailed Regulation
of the Linear Park, via online expert discussions and online public debate, that will be
proposed in the following official Public Consultation process and, if accepted, will allow
NBS design in the urban plan implementation phase.

Local Belgrade CLEVER Cities team of policy-makers, researchers and practitioners
has been using the CLEVER Cities specific tools, templates and reports [44], which has
been perceived as significant for the legitimacy of the process and wider acceptance and
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comprehension of the NBS planning. Within CLEVER Cities co-creation pathway, two
main approaches to stakeholder engagement are recognized: non-participatory—one-sided
methods, where knowledge is either imparted or extracted; and participatory—two-sided
methods, which imply collaboration with others to generate change and new knowledge,
where stakeholders lead the work and potentially take it forward (Table 1) [44].

Table 1. The citizen engagement approaches applied in the case of Linear park planning, according to the CLEVER
Cities methodology [46].

Levels of Engagement Nature of Approach Description

Inform non-participatory The flow of information from the Local Belgrade CLEVER Cities
team via bellab internet platform

Consult non-participatory Gaining the stakeholder’s information and opinion through
questionaries, interviews and academic research

Involve participatory
Involvement of stakeholders in discussions about planning
issues via focus groups, academic education, online expert

discussions and online public debate

Collaborate participatory Full involvement of stakeholders in decision making via NBS
conceptual design contest and co-creation of urban parameters

Empower participatory Stakeholders full involvement via supported
official EPC propositions

In Belgrade context, involvement of multitude of stakeholders has been achieved as
the pioneering success of the participatory planning approach.

During the summer and early autumn of 2019, several rounds of consultations be-
tween the Belgrade City Authority Office of the Chief Urban Planner and the Secretariat for
Environmental Protection, and CEUS, as the local support partner to the City of Belgrade
within the CLEVER Cities project, were organized. It was agreed that, in this case of the ur-
ban planning process that aims towards at least two innovative practices—mainstreaming
of NBS and introducing the concept of co-creation—the public communication process
should be tailored in accordance. This task beyond usual formal participation routines was
entrusted to CEUS.

During Autumn 2019, CEUS with local partners conducted identification of CLEVER
Cities project within the city local context, as well as Mapping and Engaging of Stakeholders.
Within the field of community-based PAR [36], CEUS selected the urban living lab approach
for further processes, in line with its distinct characteristics, as well as the CLEVER Cities
Co-creation Methodology framework.

Urban living lab (ULL) is recognized as an emerging form of collective urban gover-
nance [47] but also as an approach or set of methods for reinforcing change in a co-creative
way [48]. It is used for addressing complex urban development challenges, by collaborative
innovation though involvement of diverse stakeholders [49]: citizens and community
groups (enabled users), civil society, public administration, research and businesses. All
the stakeholders actively contribute to co-creation in a real-life setting with territorial focus,
in several phases: (1) research and joint exploration of challenges and needs from different
perspectives, (2) development and experimentation in the real-life setting by prototyp-
ing, (3) testing and rebuilding the prototype, (4) evaluation and implementation and (5)
commercialization [50–52].

In Europe, ULLs are increasingly seen as an explicit form of intervention delivering
sustainability goals for cities [53] and “a tool or instrument to change mindsets, processes
and material solutions” [48] (p. 18). They are used to bridge the gap between research and
practice while achieving greater citizen participation and social cohesion.
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Figure 2. Results of the participatory mapping during the UIP launch: (a) community-mapping of possible NBS; (b) defining
visions, SWOT and co-benefits of NBS [54] (Figure is produced by the Author).

2.2.2. Co-Creation in Practice of Planning the Linear Park

In November 2019, official launch of Belgrade’s urban innovation partnership (UIP)
was organized [54], and it was comprised of several introductory presentations on NBS
and co-creation, and a discussion and initial mapping of challenges, opportunities and
visions (Figure 2).

UIP was formalized with establishment of a task force by the Mayor’s Decision [55].
It gathered representatives from 41 institutions (more information can be seen on bellab.rs,
accessed on 16 March 2021), divided into seven distinct sections, which include the Core
Project Team, educational and cultural institutions, sport and recreational institutions,
public organizations and utility companies, private sector developers, academia, expert
associations and SME’s and (finally) national-level institutions (the last two among the
institutions previously listed) [55].

Two focus groups followed UIP’s establishment in December 2019 and January 2020,
organized and facilitated by CEUS, when five new institutions joined the partnership and
significantly contributed to its work. Particularly strong interest and proactive inputs
and ideas were received from secondary schools and public cultural and educational
institutions, namely, future beneficiaries of the Linear Park.

CEUS also developed a unique online platform to support its local ULL, named
Belgrade urban living LAB (BELLAB) [56]. It is a comprehensive repository of all the
actions taken, with very detailed minutes, questionnaire and polls results, individual inputs,
illustrations, etc. It also serves as a medium for announcing future events, exchanging
relevant news and establishing contacts with new UIP members and interested citizens.

Through the BELLAB platform and the UIP network, and in coordination with the
City of Belgrade, in December 2019 CEUS launched an online questionnaire for citizens,
on desired programs, content and activities, to be planned in the Linear Park [57]. The
questionnaire was promoted in organized public events, via social media and TV reportage,
and it was filled in by 570 citizens. Its results (Figure 3) revealed citizens’ interest in using
open public spaces: skate-parks, amphitheatres, multifunctional plateaus, community
gardens, artistic pavilions, cultural-historical paths, green creative corridors, eco-educo
centers, etc. The results also confirmed high interest in urban agriculture: 57.6% of ex-
aminees confirmed that they are interested in practicing urban agriculture, but almost
40% of them (22.4% of total responders) were concerned that urban agriculture would be
too complicated. Answers to the “open question” about the park content revieled that
responders highly appreciate urban biodiversity and simple green spaces and that they
prefer landscape design over urban design. They even proposed “nature as the main
creator” and renaturing of this urban corridor by ecological succession [57].
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Figure 3. Results of the Linear Park Questionnaire [57] (Figure is produced by the Author).

In parallel, a call for young transdisciplinary teams was drafted by CEUS and final-
ized in collaboration with the Office of the Chief Urban Planner, Association of Belgrade
Architects and EuPOLIS consortium. The call was announced in December 2019 [58].
A total of 145 young people in 28 teams answered this call, and criteria for selection of ten
winning teams were: (1) proposed conceptual approach; (2) application of NBS; and (3)
previous candidates’ experiences, according to CVs and portfolios. At the end of February
2020, the ten teams were chosen by the Professional Committee comprised of 10 members
(including the authors of this article) to develop conceptual designs for 10 sections of
the Linear Park. They gathered 49 young authors (architects, landscape architects, civil
engineers, electrotechnical engineers and chemical engineers) with 15 collaborators (addi-
tional transport engineers, mechanical engineers, engineers of urban planning and regional
development, biologists, etc.). The programming basis of their designs was the results of
the aforementioned questionnaire [57].

In February 2020, the first broader public event was organized, comprised of a panel
of presentations of the CLEVER Cities partners, a discussion with citizens, a workshop for
community mapping and an exhibition of NBS examples prepared by Master students of
the University of Belgrade—Faculty of Architecture (UBFA) [59]. Over 130 people attended
this event, and questions and comments from participants were pro-active, focused and
constructive, which evidenced that the local community is dynamic and highly interested
and motivated to (self) organize and invest their time, expertise and other resources for
the future of this important public space and a new green oasis of Belgrade. Catalogue of
NBS for Urban Regeneration [60], and the Co-creation Guidance [44,45] were translated
into Serbian language and adapted to the local context, in collaboration with the students
of the UBFA. Based on those materials, citizens could select the most desired NBS for
the Linear Park and place them on the map of the area, as well as any other input from
their own, local perspective (Figure 4). For public spaces interventions, citizens expressed
interest, in particular, for NBS such as Infiltration Areas and Porous Paving, Community
Gardens, Urban Bee-keeping, Facilities for Birds and Fauna, Butterfly Park, Urban Fruit
Trees, Sensory Gardens, Urban Flower Fields, Usage of Treated Surface Water, The Living
Garden Concept, Islands of Coolness, Green Noise Barriers, Eco-Urban Furniture, Shade
provided by vegetation, etc. For new structures and complexes planning and design, such
as Marina Dorćol, citizens believe that plans and technical documentation should integrate
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the following Building-Scale Interventions: Green Walls, Green Roofs, Urban Rooftop
Farming, Rainwater Collection, etc. [59].

Figure 4. Results of the community mapping during the public workshop [59] (Figure is produced
by the Author).

In April 2020, it was announced in the media that SEBRE Marina Dorćol company
would donate resources for young architectural teams to develop conceptual designs for the
Liner Park, from the beginning of June, by the end of August 2020 [61]. All those processes
occurred before any formal citizens engagement procedure, namely before the EPC.

The EPC for the Linear Park was announced on the first day of the Planning Com-
mittee’s work following the COVID 19 lock-down and conducted in the period 13–27,
May, 2020. Due to prohibition of public gatherings in May, CEUS organized an online
consultation process for the members of the UIP and the broader citizenry using the ZOOM
application, with the possibility of sending comments and questions in advance. Since the
first COVID 19 pandemic wave had a significant impact on people and shifted their focus
and interest, and due to still insufficient general skills for public discussions in an on-line
realm at that moment, a total of 25 participants attended this meeting. However, those
who did attend the meeting very clearly expressed their doubts, wishes and suggestions.
A poll for prioritising NBS was organized as well, and Community Gardens were voted
as the most desired NBS. On 27 May, CEUS submitted suggestions regarding the Draft
Plan development in 27 points to the Secretariat for Urban Planning and Construction,
based on the results of all the consultative processes conducted before and during the EPC
process [62]. No significant objections were received by the CEUS team nor communicated
in the media, including social media.

However, there are still significant challenges in planning and implementation of the
Linear Park that can be expected: construction of the cultural, educational, commercial
and sports facilities (37,250 m2) within the green areas [40], relocation of the sub-standard
settlements along the railroad [63], etc. However, the CLEVER Cities team believes in
the initial sense of ownership created and good synergies among institutions, and will
advocate for a transparent, collaborative approach in the subsequent steps of this urban
plan development to implement NBS and green infrastructure.

2.3. Avala Film Complex (Košutnjak Urban Forest)

The Avala Film Complex privatization process occurred in April 2015 and caused
dissatisfaction and distrust among citizens [64]. The Avala Studio’s d.o.o. (70% owned
by the SEBRE company), Avala Film Complex’s new owner [65], obtained the rights over
valuable cultural heritage (producer’s right over 600 movies) and the right of land use over
37 ha of urban land. According to Serbian Law on Planning and Construction [21] and Law
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on Conversion of Right of Use into the Right of Ownership Over the Construction Land
with a Fee [66], in cases of privatization, the right of land use can be converted into the right
of ownership without any cost.

In December 2017, following the Avala Studio’s d.o.o. initiative, the Assembly of the
City of Belgrade adopted a Decision on developing the Plan of Detailed Regulation (PDR)
for Avala Film Complex [67] for an app. 86.8 ha of land. From the moment of enactment of
the Decision on the plan development, until the formal EPC announcement, no communi-
cation was initiated with the expert or broader public regarding this initiative (Table 2).

Table 2. The EPC citizen engagement in the case of the Avala Film Complex (Košutnjak Urban Forest).

Levels of Engagement Nature of Approach Description

Inform non-participatory Media announcements on urban planning initiation and EPC

Consult non-participatory No activities

Involve participatory No activities

Collaborate participatory No activities

Empower participatory No activities
Spontaneous civil engagement supported by NGOs and academia

EPC for the Avala Film Complex was announced on 29 June 2020 and lasted until
13 July. The EPC Elaborate [68] revealed that surprising land-use changes had been pro-
posed. Along with the construction of the app. 80,000 m2 of public facilities and complexes,
the construction of 422,000 m2 of residential space, 147,000 m2 of commercial space and
42,000 m2 of sports facilities were planned (Figure 5). According to the EPC Elaborate, such
real estate development would destroy over 16 ha of the Košutnjak urban forest [68].

Figure 5. PDR for Avala Film Complex: (a) left—existing land-use, and (b) right—planned land-use [68].
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As soon as this information was made public, a strong civil engagement swiftly got
organized against the planning initiative. An online petition against forest destruction got
almost 15,000 signatures in just one day and over 30,000 signatures until the deadline for
submission of complaints on EPC Elaborate [69]. Signatures are still being collected, and
currently there are over 76,000 electronic signatures [70]. Furthermore, over 7500 elaborated
hard copy, signed official complaints were submitted by citizens [71], collected within a
week. Numerous professional associations, ecology movements, students’ unions, and
four representatives of the academia (three Deans of the University of Belgrade: Faculties
of Forestry, Biology and Sport, and Physical Education, and Director of the Institute for
Biological Research) publicly criticized the project [72].

Following the EPC process, the Chief Urban Planner, as the president of the Planning
Committee, announced in early September that the city had decided to completely stop
development of the PDR for the Košutnjak area, in line with the Planning Committee’s
Conclusion [73]. Although many media and civic groups celebrated this information as
the citizens’ victory, it soon became apparent that the planning process is just delayed but
not terminated. The urban parameters and capacities will be reconsidered within the same
development concept [74]. This was confirmed with the Secretariat for Urban Planning
and Construction’s official answer regarding free access to public interest information,
clarifying that due to numerous complaints, it was not possible to presume when the
Planning Committee will adopt the Report on EPS and conclude that the EPC process is
finalised [75]. Urban Planning Institute’s Working Plan for 2021 includes the continuation
of the PDR for Avala Film Complex.

The citizen group “Pozdrav sa Košutnjaka” published their manifesto, requiring a
change of the plan’s title, protecting the forest, developing the new elaborate, and initiating
procedures for the protection of the area as natural and cultural heritage [75]. This group
also conducted analyses of the Avala Film Complex’s property rights, concluding that only
over 11 cadastre plots, namely, 2.7 ha (out of 87 ha within the scope of the plan), Avala
Studios d.o.o. have ownership rights. However, the company does have the privilege of
use over a much larger area (app. 40 ha), and they can efficiently conduct conversion of
rights in the National Cadastre. Moreover, the Group analyzed land use and land cultures
and noted that some of the plots (covering over 30 ha) are marked as prime forest land
regarding the “culture”. However, they are also marked as “urban construction land”
regarding land use [76]. Thus, there is a lot of research and interpretation, as well as a
lot of misinterpretation and misleading information. That is why expert facilitation and
professionally-led co-creation is crucial.

The other citizen group, “Bitka za Košutnjak”, submitted the initiative on 31 July
2020, to the Assembly of the City of Belgrade to terminate this plan in the legal procedure.
Following several media texts in which the Serbian President criticized the current Elaborate
for Košutnjak Urban Forest, the group “Bitka za Košutnjak” sent him an official invitation
to sign the Petition against this plan: first as the citizen, and a month later as the President of
the Republic of Serbia and all its citizens [77]. As expected, no answer was obtained. Finally,
this group collected additional 2420 signatures, for initiating the procedure of obligatory
public voting of all councillors at the next session of the Assembly, with media coverage, so
that everybody could see who in the City Assembly had defended the public interest [71].

3. Results

This article explores how various urban planning cases can be understood and an-
alyzed as different forces with potential to induce the long-term systemic change, and
thus analyzed and interpreted as different analytical levels of the multi-level perspective
framework (MLP). The urban planning formal process, although common for both cases,
is observed as a socio-technical regime of the MLP. In such framework, we recognize
co-creative planning of the Linear Park as a niche innovation, namely, the “protected space”
provided by the CLEVER Cities project. We interpret opposition towards planning of the
Avala Film Complex as escalation, or extreme element of the socio-technical landscape,
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comprised of civic unrests and political tensions on one side, combined with climate crisis
and excessive pollution on the other side. Those interpretations will be further elaborated
in the following sub-chapters.

3.1. Linear Park as the Niche Innovation: Follow-Up and Expected Results

CLEVER Cities project provided a niche and allowed introduction of novelties in
the formal planning procedure for the Linear Park. Citizen engagement from the very
initial moment of the plan development, active public participation, careful expectations
management, articulation of visions [26] (p. 28) and gradual building of trust make this
planning practice the first example of co-creation in Belgrade and have the potential to
become a role model for future co-creative NBS and greening strategies.

Following the formal EPC for the PDR of the Linear Park, CEUS team kept regular
communication with the expert and the wider pubic and kept building social networks [26]
(p. 28) by organizing several online events: Online Discussion with presentation of the
Zone 4, during the EU Green Week in October 2020 (85 participants); Educational Session
of Presentations and Discussions between Designing Teams and Students in November
2020 (60 participants); Expert Discussion on Urban Parameters for NBS in November
2020 (35 participants); and Discussion on Instruments for Co-creation of NBS in Serbia
and Ecological Index, during The Nature Of Cities global online festival in February 2021
(65 participants). All those interactions allowed for “learning and articulation processes on
various dimensions” [26] (p. 28). CEUS also established a quarterly Newsletter, which has
600 subscribers, and prepared a miro board for online community mapping [78].

Public Consultation for this urban plan is expected in May and June 2021, and in
order to achieve a higher sense of belonging, ownership of spaces, and citizen-centered
solutions, as well as the legitimacy of the procedures from the European perspective, the
following subsequent activities are planned: Open Public Discussion about the Draft Urban
Plan, with review of Conceptual Designs and final NBS selection, intensive communication
among stakeholders, and Peer Review of the Public Consultation/Draft Urban Plan among
the CLEVER Follower Cities.

In order to keep the citizens engaged and keep the momentum going, it is planned
to strengthen collaboration with local schools and cultural and educational institutions
around the Linear Park, organize local volunteering actions (e.g., demonstration urban
farming) and promote NBS via youth contests and challenge prizes.

The only (but significant) risk factor for this specific urban plan at the moment is
the strong distrust of citizens towards the investor of the Marina Dorćol and Linear Park
conceptual designs—the SEBRE company, created by the unclear intentions regarding the
Avala Film Complex. On the other hand, this crisis is also an opportunity for both the
government and the investor to realize how different approaches towards the citizens
create radically different results and may be highly beneficial and informative for future
planning practice.

Authors of this article believe that Linear Park planning example has a strong potential
to “provide the seeds for systemic change” [26] (p. 27); thus, systematization of the utilised
tools and principles will be conducted, for possible future use in similar situations in the
Western Balkans and the EU enlargement context.

Informal Instruments for Co-Creation of NBS in Niche Innovations

It is critical to reflect on communication strategy and informal urban planning in-
struments applied in this case, that can be implemented by the practitioners of the niche
innovations, while avoiding conflicts, and even benefiting from the existing civic pressure
and political tensions, as the socio-technical landscape which contributes to sustainability
transition of the urban planning system.

In co-creative planning of the Linear Park, several tools and instruments have been
introduced (Figure 6):
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• A wide urban innovation partnership was established;
• An online platform for information exchange was created;
• A questionnaire regarding the content was conducted;
• Thematic focus groups were organized;
• Public presentations and a workshop were held;
• Community mapping was introduced—both on site and online;
• Open discussion during EPC was held;
• Joint cumulative remarks in the official planning procedure were prepared;
• Several complementary online discussions were organized;
• Catalogue of NBS examples was prepared;
• Design competition for multidisciplinary teams was organized;
• Conceptual design was co-created in collaboration with 10 teams.

Figure 6. Illustration of the stakeholder participation and citizen engagement procedures defined by
the Law (interpreted by the Author), and complementary, informal co-creation instruments tested
within the Niche of the CLEVER Cities project and planning of the Linear Park (Figure is produced
by the Author).

These instruments allowed empowered stakeholders to take an active role in urban
planning, e.g., by (1) preparation of cumulative, joint remarks in the official planning
procedure; (2) nature-based solutions introduction to the wider citizenry by the Catalogue
of good NBS practices, prepared within the academic collaboration; and (3) urban design
capacity building of the young practitioners in the winning teams, etc. More critical
assessment of the effects of these instruments will be conducted in the subsequent research,
following this urban plan adoption and clear evaluation of co-creation for integrating
NBS in urban planning. Although these instruments cannot be claimed as relevant for all
the innovation niches, as conceived in general MLP middle-range theory, it is believed
that these or similar tools can be highly beneficial in urban planning practice, if further
exploited in the Serbian and the EU enlargement context.

3.2. Avala Film Complex as an Extreme Element of the Socio-Technical Landscape: Follow-Up and
Expected Results

The goal of the Avala Film Complex re-development, at least declaratively, was and is
the enhancement of the Serbian film industry [68]. However, according to the PDR Elabo-
rate and planning proposition, it is evident that the new owner is a real estate developer,
with the intention to build a new city quarter, mainly residential and commercial, instead
of protecting the current “forest within public facilities” [68]. Concerning these ambitions,
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significant public opinion emerged, assuming that Belgrade’s green infrastructure network
is seriously threatened and NBS mainstreaming is highly undermined.

It is highly unexpected that the expert and wider public will accept the existing urban
development concept for the Avala Film Complex. Civic groups announced mass protests
as soon as the COVID-19 pandemics allows it. Citizens claim their readiness to defend the
forest with their own bodies if such radical measures become necessary.

While many authors in early September described protection of the Košutnjak Urban
Forest as the “outline of new local politics, which achieved an important victory” [65] and
“success of public participation” [79], it seems to be a complete failure regarding urban
planning processes, co-creation and NBS mainstreaming.

Nevertheless, authors of this article believe that civic pressure created around Avala
Film Complex represents the escalation of dissatisfaction with the current urban planning
system and argue that it can be interpreted as an extreme element of the socio-technical
landscape, which will be highly significant for the establishment of substantially better
planning praxis. “Stopping of the process for [ . . . ] plan is maybe the critical moment in
which participatory urban planning may become a regular model, which will be used from
the early stage until its full implementation [ . . . ] with reducing the chances of “duplicating
the work” for the Urban Planning Institute of Belgrade if Draft Plans can be developed
without negative feedback from citizens” [79].

Although Avala Film Complex obviously does not represent the participatory urban
planning, nor paves the road for such pro-active practice, its re-active strength, expressed
by defending the public interest in the street and in a rebellious manner, reflects societal
values and significantly influences regime dynamics. It is highly valuable “in interaction
with processes at different levels” [26] (p. 29), namely, with dynamics of the Linear Park
niche innovation.

4. Discussion

Performed multiple-case study results indicate the possibility of sustainability tran-
sition in Belgrade context by destabilization of the socio-technical regime regarding the
urban planning system, by “active participation, struggle and negotiation” [80].

Since the socio-technical regime represents the “deep structure” [81], comprised of
“cognitive routines and shared beliefs, capabilities and competences, lifestyles and user
practices, favourable institutional arrangements and regulations, and legally binding
contracts [ . . . ] characterized by lock-in” [26], it is necessary that niche innovation, such as
Linear Park example, “build up internal momentum” that “changes at the landscape level
create pressure on the regime”, such as Avala Film Complex opposition, so that regime’s
destabilization “creates window of opportunity for niche-innovations” [26] (p. 29).

This multiple-case study illustrates how niche innovation of co-creation in planning of the
Linear Park, and socio-technical landscape of the civil pressure escalated around planning of
the Avala Film Complex, are “processes in multiple dimensions and at different levels which
link up with, and reinforce, each other (“circular causality”)” [26] (p. 29) (Figure 7).

In Belgrade, there are indications that the two case-studies described in this article
already have significant although indirect impact on systemic change of the planning
practice, interpreted as the socio-technical regime in this research.

In particular, development pathway of the General Urban Plan (GUP) for Belgrade
2041 can be encouraging, for several reasons: (1) at the online discussion during The Nature
Of Cities festival, organized by CEUS, representatives of the Urban Planning Institute for
the first time communicated their strategic framework regarding the GUP with the public,
and for the first time they interacted with criticism of well-established urban planning
activists (Collective “Ministry of Space”); (2) subsequently, the second author of this article
joined the GUP expert team and supported preparation of the citizen engagement strategy;
(3) initial questionnaire for preparation of the GUP EPC Elaborate was published in March
2021, promising a more inclusive and participatory procedure than the usual practice.
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Figure 7. Interpretation according to Geels [26]: the multi-level perspective on sustainability transition regarding urban
planning in Belgrade (Figure is produced by the Author).

The MLP framework on sustainability transition has been commonly used for in-
terpreting long-term changes in the energy sector [80], GMO and food production [27],
organic food and eco-housing [82], etc. This research, however, focuses on urban planning
system as a complex formal procedure and uses its’ own elements, namely, particular
planning cases, as illustrations for different analytical levels of the framework. Although
bearing the risk of ambiguity, this approach is considered innovative and appropriate to
the socio-political and geographical context of the study. Moreover, the focus of co-creation,
as a social innovation rather than a technological one, brings added value to this research.

5. Conclusions

The MLP framework for sustainability transition regarding urban planning system can
be further analyzed, with unfolded interactions sub-divided into several phases. However,
the initial conclusion is that urban sustainability transition in this context is possible and
should be expected.

By comparison of the two case studies of citizens’ engagement regarding urban plan-
ning of green infrastructure in Belgrade (Table 3), it is evident that the reactions of citizens
against the unwanted proposal at the moment are much easier, prompter and more nu-
merous than proactive citizens’ engagement. This is understandable, considering the long
tradition of centralized planning in a post-socialist context and lack of planning dialogue ex-
perience in the past. This is also the major challenge for urban planners and NBS advocates
in the Serbian and the EU enlargement context. This article highlighted the importance of
tailored and contextually sensitive early communication of the planning initiatives as the
cornerstone of successful and sustainable urban development. When planning significant
urban transformations related to urban greening resources or potentials, it is critical to
perform high sensitivity for the site, and socio-economic and environmental specificities
and values. Initiation of the co-creation process before the formal urban planning procedure
(EPC) is essential, as well as the utilization of complementary, informal co-creation tools to
enable trustworthy and constructive communication.
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From the experience of the Linear Park planning, several important principles of
co-creation in the EU enlargement context have been recognized:

I. Formalization of stakeholders’ engagement is important, in the form of a task force,
such as urban innovation partnership;

II. Building of trust is critical, and can be obtained by external facilitation (by engaging
representatives of professional association or academia, rather than the local self-
government); regular communication and transparent information about processes
are highly appreciated (e.g., via an online platform—web interface, Newsletter, etc.);

III. Direct communication is indispensable, in various forms: interviews, focus groups,
workshops, presentations, discussions, etc.

IV. Co-design and prototyping give stakeholders and citizens a strong sense of owner-
ship; examples include a design competition for young transdisciplinary teams and
conceptual designs of multiple teams;

V. Empowerment of stakeholders during the process is crucial for long-term construc-
tive changes.

This research also paves the road for future evaluation of the impacts of co-creation
in the subsequent phases of the two urban transformations, as well as further exploration
of the ULL approach and its impact on urban sustainability transition in the EU enlarge-
ment context.
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18. Martinović, M. Jugoslovensko Samoupravljanje U Arhitekturi Centara Mesnih Zajednica U Beogradu Od 1950. DO 1978. Ph.D.
Thesis, Faculty of Architecture, University of Belgrade, Belgrade, Serbia, 26 September 2020.
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Abstract: Nature-based solutions (NBS) are currently being deployed in many European Commission
Horizon 2020 projects in reaction to the increasing number of environmental threats, such as climate
change, unsustainable urbanization, degradation and loss of natural capital and ecosystem services.
In this research, we consider the application of NBS as a catalyst for social inclusivity in urban
regeneration strategies, enabled through civic participation in the co-creation of green interventions
with respect to social cohesion and wellbeing. This article is focused on a social monitoring framework
elaborated within the H2020 CLEVER Cities project, with the city of Milan as a case study. Firstly,
we overviewed the major regeneration challenges and expected co-benefits of the project, which
are mainly human health and wellbeing, social cohesion and environmental justice, as well as
citizen perception about safety and security related to the NBS implementation process. Secondly,
we examined the relevance of using NBS in addressing social co-benefits by analyzing data from
questionnaires against a set of five major indicators, submitted to citizens and participants of activities
during pre-greening interventions: (1) Place, use of space and relationship with nature, (2) Perceived
ownership and sense of belonging, (3) Psychosocial issues, social interactions and social cohesion,
(4) Citizen perception about safety and security, and lastly, we analyzed (5) knowledge about CLEVER
interventions and NBS benefits in relation to socio-demographics of the questionnaires’ respondents.
Thirdly, we cross-referenced a wind-rose multi-model of co-benefits analysis for NBS across the
regeneration challenges of the project. Because of the COVID-19 emergency, in this research we
mainly focused on site observations and online questionnaires, as well as on monitoring pre-greening
scenarios in three Urban Living Labs (ULLs) in Milan, namely CLEVER Action Labs. Lastly, this
study emphasizes the expected social added values of NBS impact over long-term urban regeneration
projects. Insights from the pre-greening surveys results accentuate the importance of the NBS
interventions in citizens’ perceptions about their wellbeing, general health and strong sense of
neighborhood belonging. A wider interest towards civic participation in co-management and getting
informed about NBS interventions in the Milanese context is also noted.

Keywords: nature-based solutions; social monitoring; social cohesion; co-creation; urban living lab;
CLEVER Cities

1. Introduction

While many scientific contributions discuss the definitions and the theoretical frame-
works of monitoring environmental impacts related to nature-based solutions (NBS) [1–3]
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hands-on experiences and evidence-based effects from cities are still required to improve
our understanding of the range of social, wellbeing and general health benefits provided
by NBS. This is a key first step for promoting their introduction in urban planning policies
and decision-making processes in cities [4,5]. Not only the development of conceptual
models of social impacts, but evidence-based monitoring frameworks related to NBS in
urban environments are also a relatively new topic in academic research and fairly pe-
ripheral [6,7]. In theory, the original definition of NBS derives from the International
Union for Conservation of Nature (IUCN) 2013–2016 Programme as: “actions to protect,
sustainably manage and restore natural or modified ecosystems, which address societal challenges
(e.g., climate change, food and water security or natural disasters) effectively and adaptively, while
simultaneously providing human well-being and biodiversity benefits” [8–10]. The European
Commission [11] gives a broader definition of NBS, as “actions inspired by, supported by or
copied from nature that aim to help societies address a variety of environmental, social and economic
challenges in sustainable ways”. According to the European Commission scopes, NBS can
transform environmental and societal challenges into innovation opportunities, by turning
natural capital into a source for green growth and sustainable development for application
in urban areas [12–15].

In practice, implementing NBS concepts exceeds the boundaries of traditional urban
regeneration approaches that aim to “protect and preserve nature” by also considering
the enhancement and restoration of urban ecosystem services [16,17] in addition to the
enhancement of social impacts generated from NBS [14]. Specifically, relative to the topics
of social justice and social cohesion, NBS have been linked to the notion of environmental
justice across studies that explore the role that providing equal access to neighborhood
green spaces has in the fostering of social cohesion. Such spaces bridge and bond social
capital and support the cultural integration of typically marginalized and fragile social
groups (vulnerable groups) such as the elderly, immigrants, persons with disabilities,
chronic diseases, etc. (i.e., recognition-based justice) [7,18–21].

It is critical to note that NBS are believed to enhance levels of social inclusivity in
urban planning “only if” they are supported by citizen engagement and public participation
practices throughout the implementation [22–24]. Haase et al. [25] stress the potential for
NBS to generate positive impacts on social inclusion whenever implemented. This aspect
will depend on: (1) respect for local urban and institutional contexts, (2) the type of NBS to
be implemented; as well as (3) the different actors and stakeholders who are to be involved
in the project execution. In a similar manner, Dumitru et al. [1] emphasizes the optimal
performance of NBS depending on their social uptake and continued use overtime.

Moreover, scientific research pinpoints the potential of NBS to deliver social-ecological
justice in urban planning [26]. In the latest publication by Beute et al. [27] they emphasize
the positive impact NBS have on human health and wellbeing, which also further strength-
ens social equity through the accessibility to green and blue infrastructures. The COVID-19
pandemic painfully pointed out the lack of regular use of green spaces while emphasizing
the increased interest in connectedness with nature and the critical role proximity to green
spaces plays in improving mental and physical health and wellbeing [28,29].

In addition, NBS are not simply ‘just’ green; rather, they are considered to be essential
urban design measures for green and blue infrastructure, capable of providing multiple
environmental purposes. For instance, scientific evidence highlights the role of policies
at local and metropolitan scales to promote the use of NBS as multiple-benefit solutions
for climate-change-related effects on health, wellbeing and citizens’ sense of ownership.
Broader general evidence discusses that just the environmental-related impact of NBS could
be related to a deeper, more widespread knowledge of their co-benefits, connectedness
to nature in relation with sociodemographic aspects as well as increasing community
engagement and place-based ownership [28,30–32].

Connection and relationship with nature is associated with an improvement in peo-
ple’s general health and wellbeing. This is supported by scientific evidence and well-
established theories, such as Attention Restoration Theory [33,34] and the Stress Recovery
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Theory [33]. However, in recent years, studies are emerging that support the need to bring
the psychological restorative capacity of nature to urban environments [35–37]. This is
where urban interventions integrating NBS, such as those being carried out in the CLEVER
Cities project in Milan as explained later in this article, play an important role in providing
evidence of the benefits of natural elements over health and well-being. In addition, NBS
in the urban environment are associated with another co-benefit, which is the increase and
improvement of social relations because of the positive impact they have on social cohesion
and the feeling of belonging to a place. Hence, the integration of NBS in urban public
spaces, with their associated co-benefits, allows for the recovery of the cultural functions
of these spaces and their consideration as socio-ecosystems. The CLEVER Cities project
focuses on implementing NBS using a pathway of co-creation that is community-driven
through the monitoring of the physical and social effects of NBS experimentations. Special
attention is given to Milan city context and the selection of relevant regeneration challenges
to specifically address, according to the areas of intervention.

In this article, we aim to shed some light on the gap in knowledge between the the-
oretical models of NBS, social monitoring and experiences from real world case studies
such as the CLEVER Cities application in Milan The theoretical models of NBS promote
them as problem solvers to climate and social challenges; however, the real experience of
using NBS through Horizon 2020 projects and beyond is still lagging behind on evidence
to showcase whether they really solve all the problems they are touted to solve, especially
regarding intersections with gender equity, accessibility to green areas with respect to
social cohesion aspects, etc. (Nonetheless, a quick Scopus and Science Direct databases’
review of the literature reveals a major lack in monitoring methodologies specifically re-
lated to NBS pre- and post-greening implementation and their impacts on wellbeing in
general terms, as well as psychosocial aspects connected to social cohesion specifically.
The query included “Social Monitoring” OR “Social perception” AND “nature-based
solutions” in two datasets by keywords AND title, always revealed less than 100 publica-
tions after a schematic check of relevance on the impact from a human-centred approach.
See https://www.sciencedirect.com/search?qs=social%20monitoring%3B%20nature-base
d%20solutions&years=2022%2C2021&lastSelectedFacet=publicationTitles&publicationTit
les=271784 (accessed on 20 April 2021)).

In the CLEVER Cities project (For more information on CLEVER Cities project, see
https://clevercities.eu/the-project/), which started in 2018, the physical medium for
the implementation of NBS is the ULL (Urban Living Labs, hereafter CLEVER Action
Labs, CALs), and all the pilot projects’ results in this article are referring to the social
co-monitoring activities happening during the pre-greening phase of the project. Moreover,
data are analyzed according to a co-designed methodological pathway initially developed
by the responsible partner POLIMI, supported by ELIANTE and then shared with all the
local partners in Milan (The stakeholders involved in this collaborative process were mainly
a university partner (DAStU—Politecnico di Milano, hereafter POLIMI), a facilitating
partner (Eliante), the Municipality of Milan (CDM), Ambiente Italia Srl. (AMBIT), the
Mobility and Environmental Agency of Milan (AMAT), Rete Ferroviaria Italiana (RFI)
and Italferr (Società Italferr Spa—Gruppo Ferrovie dello Stato italiane).) For more on the
co-creation of CLEVER Cities see [38,39].

2. Materials and Research Context

The reflections in this research article connect the social influences generated from the
co-design activities for integrating NBS in urban regeneration processes carried out with a
wide array of public stakeholders in the city of Milan. In CLEVER Cities, the co-design
activities are considered the first phase of a complete co-creation pathway that encompasses
other phases of co-implementation, co-monitoring and co-development of NBS [39,40]. In
particular, the co-creation phases and tools were conceived with some flexibility, in order
to take into account the different opportunities that diverse NBS types and actors involved
(e.g., in terms of scale, ownership, localization) offer regarding shared decision-making.
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This was done by monitoring and analyzing a set of established indicators related to
the social impacts of NBS during the pre-greening phase of the project. Specifically, the
methodology presented in this article is related to three main urban regeneration chal-
lenges identified by the CLEVER Cities project consortium and locally by the Milanese team:
(1) human health and wellbeing, (2) social cohesion and environmental justice and (3) citi-
zen safety and security perception.

The social monitoring impact framework falls within the project activities and Work
Package 4, “Assessing NBS impact through the CLEVER Monitor”, related to the moni-
toring and impact measurement of NBS implementation generally [41]. Focus on these
specific problems has been highlighted by the municipality for Milan, in order to ensure
resilience related to heat waves and water management issues generated within dense
urbanized areas. This challenge can cause health and safety risks to vulnerable targets such
as the chronically diseased, young children, and elders.

Throughout the two and half years of the project, a set of Key Performance Indicators
(KPIs) were identified and divided into two main sets by category of measurement (environ-
mental and social KPIs). Within the project’s wider monitoring plans, the methodological
framework presented in this article is only related to the social KPIs utilized and is based
on the need to evaluate and monitor the advancements of the social impacts related to
NBS co-implementation in the city of Milan. The Local Monitoring Team (LMT) started
by identifying the main environmental and social aspects to be evaluated. Next, the team
analyzed them with respect to the specific CALs in Milan and, finally, verified them in
different team meetings starting in February 2019 and onwards.

In March 2019, three collaborative workshops were conducted, one per CAL. A Theory
of Change (ToC) collaborative activity was carried out in order to forecast the possible
expected outcomes in each CAL context. A first version of the Local Monitoring Plan
(LMP) was developed afterwards in June 2019. The social monitoring methodology was
developed collaboratively with all the interested stakeholder groups that were part of the
Milan LMT. The initial idea was to develop a mixed methodological framework using
a variety of quantitative and qualitative measurement tools such as: surveys, on site
observations, interviews with stakeholders, focus groups and online questionnaires. The
scientific validation (in this sense: scientific validation refers to verifying actual needs from
site visits and focus groups to concretize the methodological framework) of the LMP and
social monitoring methodological framework initially started in September 2019 during
the Milan Green Week festival by conducting site visits to the three CALs, including a
guided tour to Milan’s existing green roofs and walls for CAL 1, a tour of Giambellino
Park 129 for CAL 2, and the Tibaldi train stop for CAL 3. The Project coordinator and
other Front Runner Cities’ leaders were also invited to site visits and observations within
events occurring at the festival, (For more information on CLEVER Cities Milan, see
https://milanoclever.net/).

From October 2019 until February 2020, a first tailored methodology was drafted and
shared with CAL leaders to check on the scope and the set of indicators, including the
feasibility of measuring a pre-greening baseline built on place-based criterion. Later on,
the arrival of the COVID-19 pandemic constrained the number of tools available to the
team, leading to the choice of submitting online questionnaires starting in February and
March 2020 when emergency levels of sickness hit Milan and blocked all activities in a hard
lockdown [42–44]. The complete LMP for the pre-greening phase of each CAL, including
the social KPIs, was then co-designed and approved by all the involved partners based on
their specific interests.

For each CAL, a lead partner is currently guiding the co-implementation of the NBS
and is therefore responsible for following up the data-collection process and refining the
overlap between the execution and the monitoring process. For CAL 1, Ambiente Italia
(AMBIT) is responsible for conducting the co-design processes in four pilot green roof
projects as well as online workshops, which helped to collect initial pre-greening data from
November 2020 onward. For CAL 2, Eliante (ELI) together with MiloLab (a community
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association) were responsible for survey dissemination as well as conducting interviews
and collecting data from site visits and co-design participants, which started in September
2019. For CAL 3, the Municipality of Milan (CDM) in conjunction with jurisdiction 5 and
6 Municipalities, conducted a public consultation with RFI and Italferr about the Tibaldi
train stop in December 2019. This work later moved to online platforms and focused
mainly on an online co-design survey that commenced in June 2020.

3. Methodology

The co-production process of this mixed-method social monitoring framework was
based on several steps, see Figure 1: (1) scoping and gathering information: what aspects
are to be measured related to the social impact of NBS in a Milanese context; (2) develop-
ing the theoretical model and scientific triangulation: why specific aspects are measured;
(3) verification workshops with partners: how to measure specific impacts for each case; (4)
scientific iteration and testing of the methodology through questionnaire development: de-
veloping a baseline and database for an online depository; (5) launching the questionnaires
to a wider public and collecting pre-greening data from questionnaires; (6) data elaboration
for specific CALs’ place-based situations.

Figure 1. Timeline of the development for the Social Monitoring Methodology and the different steps presented in the work.
Source: the first two authors.

Since the topic of this article is quite new amongst to the deduced similar methodolo-
gies [45–47] produced in this area of academic research, the efforts in selecting indicators
were mainly related to the general aim of the project in using NBS to increase inclusiveness
and strengthen collaboration between cities and citizens as seen in CLEVER Cities guide-
lines. The first step of the scoping activity of this methodological framework included
gathering information on the three regeneration challenges related to social co-benefits of
NBS.

The second step was complemented with a grey literature search for analogue indi-
cators that have possible links with place-based connectedness to nature, NBS co-benefit
measurements, mainly addressing wellbeing, psychosocial issues and social cohesion,
but also considering safety and security, see Table 1. A series of internal team validation
workshops were necessary to focus on regeneration challenges 1, 3 and 4 collectively in
all three CALs between March and September 2019. In this step, the transformation of the
ToC results into possible KPIs relative to each CAL place-based context was carried out
by restructuring a logic and coherent chain from assumptions of the current situation into
outputs and expected impacts that could be measured. Particular attention was paid to the
Milanese context from earlier ToC workshops held for each CAL in March 2019, as well as
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site observations and visits during co-design workshops in relation to the main impacts
identified, (Figure 2a–d).

During the third step, progress towards the development of the theoretical model
and the scientific validation of possible similar research methodologies was achieved. The
resulting indicators were in the majority divided into one of these five macro categories.

Table 1. A summary of identified challenges and considerations from literature review carried out by POLIMI, DAStU.

Regeneration Challenges
Identified by the Project

Topics (Macro Category
Resulting from ToC in Milan

Social Monitoring Framework)

Integrating Approaches Linking Social
Impacts and NBS Co-Benefits (Leading to
Micro Indicators in the Milan Framework)

Relevant
Literature *

Regeneration challenge 1:
Human Health and

wellbeing

Relationship with nature and
well-being related to NBS

Human wellbeing and general health
Positive impact of greenery on environmental

values and general aesthetics
[48–53]

Use of space (leisure, sport, relax,
outdoor activity, etc.)

Connectedness to nature and wellbeing
Frequency and use of spaces

Effect of COVID-19 change to use of space *
[54–63] *

Regeneration challenge 3:
Social cohesion and

environmental justice

Perceived ownership of space and
place satisfaction

Satisfaction with the building characteristics
and proximity to green areas relationships

Perceived ownership of green areas
[13,64–67]

Psychosocial issues and social
cohesion

Social interactions, support and cohesion
Place identity and sense of belonging
Civic participation and willingness to

participate in co-design activities

[25,68–72]

Regeneration challenge 4:
Citizen safety **

Citizen perception about safety
and security

Increase in safety and security perception
related to lighting, accessibility, maintenance,
aesthetics, and interactions in places with the

presence of other people

[73–75]

* These references were mainly identified during the course of the social monitoring methodology development timeframe from March
2019 till June 2020. Afterwards, some relevant literature also evidenced the social impacts generated from NBS, following the COVID-19
pandemic period. Henceforth, an additional set of micro indicators and survey questions were added to measure the use of green spaces
during the lockdown period and its impact on perception related to relationship with nature and wellbeing, as well as to measure interest
in participation in the co-maintenance aspects on the CALs of Milan. That was after the launch of the CAL 3 questionnaire in June 2020
which was the first pilot project. Hence in CAL 3, the indicators related to COVID-19 use of space were not measured for the pre-greening
phase but will be monitored in post greening. ** POLIMI was the responsible partner for developing the framework of possible KPIs related
to this regeneration challenge for the three CLEVER Cities project Front Runner Cities, see Appendix 02 in Supplementary materials. A
Scientific master thesis was developed under the responsibility of Morello and Mahmoud in 2020, see [75].

During the fourth step, the scientific iteration and testing of the methodology through
progress questionnaires took place. Two main partners carried out this process, POLIMI
and ELI, working collectively on the three different CALs. The development of the ques-
tionnaires took place across different formats (online and offline) and in two languages
(Italian and English) initially. All versions and elaborations on the questionnaires were
collaboratively shared with other partners in the LMT such as AMBIT for CAL 1, MiloLab
for CAL 2, RFI and Italferr for CAL 3. A testbed carried out by the local CAL 2 team
and MiloLab together with a small group of local stakeholders helped develop a baseline
(19 answers), which was stored in a POLIMI database (online repository). In order to corre-
late the spatial impact of NBS on the beneficiaries of each CAL, two other sections (macro
categories) were added to the social monitoring methodology and the questionnaires after
this iteration, looking specifically at the relative knowledge about CLEVER interventions
and expectations related to NBS co-benefits and socio-demographic data.

The fifth step started with launching the CAL 3 questionnaires online to the public in
June 2020, together with an online campaign that was created with the help of the CLEVER
Milan social media team and the website was prepared by the local team. This wider public
launch and data collection step helped the scientific triangulation of some indicators and
questions that, afterwards, were considered of critical importance in the other CAL 1 and
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CAL 2 questionnaires. This helped ensure some cross-comparability in the local Milan
context.

The last step is demonstrated in Sections 5 and 6 in data collection, analysis, results
and discussions.

 

(a) 

(b) 

Figure 2. Cont.
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(c) (d) 

Figure 2. Different focus groups and workshops to validate the needs to monitor specific aspects in the three different CALs.
From top to bottom: (a) ToC workshop with local stakeholders, March 2019; (b) A typical panel of ToC, specifically here
CAL 3; (c) Co-design by immersion activity in CAL2, September 2019; (d) Milan Green Week press conference by CDM,
FPM, POLIMI, ELI, AMBIT and WWF, September 2019.

3.1. Implementing the Methodology in Practice

In order to create a mixed-method approach for this evaluation process, the assessment
framework is structured as a matrix. Horizontally, it is based on the macro-and micro indi-
cators that are relevant to the three general regeneration challenges previously mentioned.
Then, the macro categories that relate to the main outcomes to be measured in each specific
CAL were added. Vertically, the framework is divided in different sections, as follows:

1. Who: the target groups of the analysis that will benefit from the NBS intervention,
2. How: the measurement tools (quantitative surveys, and qualitative interviews),
3. What: the needs of each CAL (if the indicator itself will be evaluated in specific CAL),
4. When: the stage this measurement should be addressed (pre-greening or post-

greening), and
5. The type of questions: descriptions of the type of questions to be utilized (binary,

ranking using Likert scale, multiple choice questions, or open-ended).

Following horizontally, each macro-category has micro-indicators underneath that
correspond to a specific section transferred from the survey template developed from April
2020 onwards (Appendix 01 in the supplementary materials). In the “What” columns,
the options given to measure each micro indicator in each CAL were given by adding a
drop-down button. This will ensure that the same question is being elaborated and the
question number is added next to it for easier reading of the matrix.

In the following Figure 3, a simulation using this methodological tool was run for
the CALs of Milan, see original tabular tool in supplementary material. Taking into
consideration the different timelines of the application of the questionnaires in the three
CALs and the timeline of step 05 as explained in Figure 1, a set of indicators was identified
on the horizontal axes in order to facilitate the cross-comparability between the results
obtained and the data analyzed. The results from this simulation have shown the most
important micro indicators to focus on, as below:

• Relationships with nature, wellbeing related to NBS and the use of space.
• The perceived ownership of space by different groups together with place satisfaction.
• Psychosocial issues, such as social cohesion, place identity and the focus on a sense of

belonging towards the NBS in area of intervention.
• Knowledge about CLEVER Interventions and participation in community activities

related to NBS.
• Citizens perceptions about the interventions in terms of safety and security related

aspects.
• Socio-demographic data related to the area of intervention.
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Figure 3. Simulation of the Methodological tool for social monitoring framework, source: the first author. A copy from the
tabular tool is provided in supplementary material (methodology Excel sheet).

On the vertical axes, the most common target groups are the residents for all indicators.
The most common measurement tool turned out to be the surveys, both online and offline,
followed by interviews with local stakeholders and focus groups. However, the latter
two instruments are less relevant since they might be not resident or completely familiar
with the context with respect to the Macro categories related to place satisfaction, CLEVER
interventions, and socio-demographic data analysis. In general, the macro indicators and
most measurement tools are mainly to be used collectively in CAL 1, CAL 2 and to some
degree in CAL 3. Hence, a combination of quantitative surveys and qualitative interviews
were considered for complementary assessment, also, as in the ToC approach, to set a
socio-economic framework that can support final decision-making for NBS.

The highlighted areas (red rectangles) in the Figure 3 below show how the overall
selection of the target groups for the questionnaire’s distribution and the measurement
tool for the analysis was evaluated. In addition, the highlighted areas show the exact CALs
where the simulation of the overall methodology was built-upon and on which indicators
this was focused.
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3.2. Some Notes on the Methodology and the Questionnaires’ Form

The methodology is meant to be transversal to all three CALs in Milan in order to
coordinate and better understand if some of the survey structures could be identical and
allow some comparability in results between different CALs. However, we understand
that the rest of the Front Runner cities do not necessarily have the same macro thematic
categories for social interaction and cohesion related to NBS interventions impact, and
that the results are not comparable to the other frontrunner cities. However, it is also a
flexible tool that has the ability to change the macro categories in order to replace them
with whatever other themes or macro indicators are needed for the specific context.

An on-site, visual observation tool is also considered highly important in providing
more insight on the actual status. However, it may not be used for some indicators in order
to avoid bias of the observers, as much of the observation work is referred by CLEVER
Cities team and not easily transferred to outsiders. Nonetheless, it is highly relevant to
the type of green space use and the activities people carry out in the space itself. It is then
recommended in the post-greening phase evaluation as a key measurement.

For the pre-greening phase, we started drafting an online survey that has the same
macro-category and then translated each micro-indicator into a type of question as indicated
in the last column, respectively. Some questions have then incorporated a more complete
list of elements to be evaluated based on the status of the CALs. The survey was initially pre-
tested with people from the local community and residents not involved in the methodology
design to assure the questions are convenient to respond to, clear, and easy to understand.

The CALs in Milan then required a more in-depth interview form using the same
methodology as the macro/micro-indicators structure; however, the queries have more
open-ended questions with relation to pre-greening and post-greening phases. The analysis
of these interviews is still to be completed and will be included in the future research
undertaken after the post-greening phases.

4. The Case Study of Milan CLEVER Action Labs

Before the analysis of the collected data from the surveys, in the following section we
give an overview of the three CLEVER Action Labs (CALs) [76]. The CLEVER Cities Milan
project area is situated in the south of Milan. It has three CALs, two spot interventions
(CAL 2 and CAL 3) and one extended area (CAL1) mainly in the south part of the city,
(Figure 4). In the local context, CdM, AMAT, AMBIT, ELI and POLIMI are responsible
for collaboratively promoting urban greening measures such as NBS in terms of policy,
planning, design and implementation.
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Figure 4. Territorial operating area of the CALs of Milan, southern transect. Source: the CLEVER Milan team, GA—June
2018.

The work being conducted in CAL1 has influenced policymakers to incorporate these
urban greening measures (NBS) into the New Building Code of Milan (Regolamento
Edilizio del Comune di Milano 2021, see https://www.comune.milano.it/aree-tematiche/
urbanistica-ed-edilizia/sportello-unico-edilizia/regolamento-edilizio-del-comune-di-mi
lano accessed on 19 July 2021). Moreover, the CAL 1 is focused on mainstreaming green
roofs and walls to raise wider awareness of their benefits, to increase the overall amount
being installed, and to encourage professionals and companies to embrace their use as part
of their own approach [77].

The CAL 2 and CAL 3 are located in deprived areas, heavily affected by the railway
infrastructure that crosses them. The CAL 2 is situated in a densely built-up area that
is mostly residential, and it is focused on the neighborhood Lorenteggio Giambellino.
Whereas CAL 3 comprises the area where the new railway stop Tibaldi is being constructed.

In CAL 2, ELI with CdM and AMAT are transforming the fragmented neglected areas
near railway tracks into spaces for community farming that will serve as natural oases
to increase community cohesion and improve storm water management. In CAL 3 with
RFI, ITALFERR, CdM, AMAT and ELI, the local partners are developing new types of
noise barriers using NBS that include interventions to strengthen biodiversity aspects and
mitigate environmental impacts from the Tibaldi railway station.

Each CAL applies different modalities to mobilize public and private resources. CAL 1
is testing how the co-creation process can help raise private funds to complement and
facilitate municipal funding. Based on the current development of activities, CAL 1 has
progressed slightly at an advanced rate in terms of planning and co-implementing activities.
This is because their successful implementation was subject to a complex structure of
arrangements that involved different stakeholders, respectively their time availability,
organizational capacity and technical assistance provided for CAL 1 activities.

4.1. CAL 1: Regreening Milan Green Roofs and Walls

The focus of CAL 1 (Figure 5) lies on the design and promotion of innovative NBS,
such as the experimental and multifunctional green roofs and walls. To promote NBS,
CAL1 has been developing an awareness-raising campaign. Its goal is not solely to in-
crease knowledge about the importance of greenery in our buildings, but also to adopt
a more strategic approach to public interest communication. It aims for the translation
of this awareness into action, such as triggering a legislative change or supplementation,
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and helping drive professionals to employ green roofs and green walls in their building
practices.

 

Figure 5. CAL 1, operating four green roofs and walls in Milan, source: AMBIT, May 2021.

Given the aforementioned objectives of this CAL, the activities were defined in two
main tasks on which they will work:

• Increasing the knowledge through engagement and dissemination activities; i.e., the
awareness-raising campaign.

• Turning knowledge into action in the form of the CLEVER pilot projects (green roofs
and walls).

As part of the awareness-raising campaign, the activities carried out were related to
knowledge exchange. These included two guided tours to discover green roofs and walls
in Milan (one right after the CAL 1 launch on the 14th of June 2019 and the other one
during the Milano Green Week, September 2019), three training courses on “Green Roofs
and Walls” (in October 2019), and to disseminate knowledge during Milano Green Week,
including a mobile exhibition that travels to different events and explains the important
benefits of the CLEVER Cities project.

The second task of CAL1 initiated with the procurement process. The role of AMBIT,
together with the CDM, was to advance the co-financing schemes for the implementation
of the CLEVER pilot projects. In the subsidy scheme set for this purpose, two public calls
have been launched. One for the selection of 10 potential green roofs and walls that will
apply for 35% subsidy and technical support for NBS co-implementation, and another for
the identification of experts skilled in designing green roofs and walls, who will provide
the technical support through a co-creation process in the CLEVER Cities framework [78].

Due to the many consequences caused by the COVID-19 emergency, mostly in relation
to the financial availability of resources, six of these projects that initially confirmed their
interest in co-creating green roofs and walls have withdrawn their applications. With
some delays, the co-design for the remaining four projects has started, which have also
been subject to social monitoring in the pre-greening phase as in this article scope. The
questionnaires for social monitoring of the four participating projects (via Russoli, via
Orsini, via Giambellino, and via Ponti) have been submitted simultaneously during the
co-design workshops. As explained below (Section 5.1—data collection), the compilation
was carried out online and with technical assistance from co-design teams.
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4.2. CAL 2: A Community Park in Giambellino, 129. Milan

The focus of CAL 2 lies on creating a new community garden, in the public area
located in Giambellino 129, previously abandoned and with contaminated soil (Figure 6).
The green area in G129 could be considered a steppingstone in the green ecological network
on the Milan Circle line railways side [79]. Surrounding the social housing neighborhood
of Lorenteggio-Giambellino is a dense residential area with a strong need for (and lack of)
green and shared spaces. The old social housing block needs to be rehabilitated, which will
be realized in the coming years by the Lorenteggio Suburban Rehabilitation Programme’ s
Masterplan and the Peripheries Rehabilitation Plan of the Municipality. The social context
is complex: Lorenteggio’s population is mainly composed of elderly residents and migrants
from different countries (the latter category 40% of residents in 2015). The degradation of
some social houses causes crimes and conflicts; hence, a lot of people perceive a sense of
insecurity and lack of safety.

 

Figure 6. CAL 2, Giambellino 129 Community public park, co-designed with residents from the
neighborhood, authorized use from the CDM—published on CLEVER Milan website, April 2020.

However, Lorenteggio has a strong local community that is active in many initiatives
to promote social cohesion and citizen engagement, working together towards a better
use of urban spaces. The co-creation process implemented by MiloLab, and the CLEVER
Cities project aims to encourage citizens and local organizations to co-design, co-manage
and co-monitor the new community garden. Different types of NBS have been designed to
create a high-quality multifunctional green space that focuses on enhancing connectedness
and relationship to nature as well as social cohesion. Examples of these projects include a
bird garden, an orchard, a community garden and a butterfly garden. The overall aim of
this CAL is to provide a high-quality multifunctional green infrastructure in Giambellino
129 that can enhance presidium, social cohesion and ecological values. In particular, the
social monitoring activities of CAL 2 include the evaluation of the impact associated with
the new area on wellbeing and quality of life, social cohesion and sense of belonging.

4.3. CAL 3: A New Train Stop in Tibaldi

CAL 3 focuses on the opportunities arising from the construction of the new Tibaldi
railway stop (See https://www.tibaldiscarl.it/presentazione/2.html [in Italian, accessed
on 20 April 2021]) by working on a threefold program: improving the stations’ environ-

205



Sustainability 2021, 13, 9672

mental performance (rainwater management, microclimate and thermal comfort for the
travelers), allowing the continuity of the ecological corridor for biodiversity and intro-
ducing groundbreaking standards that would incorporate NBS for noise mitigation. The
experimental integration of NBS in railway infrastructure is in line with the principles of
the European Union strategy on Green Infrastructures to help enhance health, wellbeing,
provide jobs and deliver many benefits from nature to citizens [80].

In line with the program and within the CLEVER co-creation framework, the co-
design of the public square, in front of Tibaldi’s railway stop, has been supported by
several activities. An internal focus group has initiated the design of the project (September
2019) which afterwards was presented and opened for public discussion (July 2020). Due
to the pandemic context, a questionnaire on co-design was conducted (10 November
2020–31 December 2020) in which a significant number of local citizens participated (no.
325) (https://milanoclever.net/2021/04/28/risultati-sondaggio-cal3-tibaldi/ [in Italian,
accessed om 20 April 2021]). This questionnaire aimed to engage the local citizens in the co-
design process by giving them the opportunity to choose the functions, urban furniture, tree
and plant species and paving materials. The co-design phase also foresees the engagement
of technical NBS experts, with whom a workshop was organized in January 2021. Besides
the public space that serves as an “open-air waiting area” of the railway station, the project
also encompasses a number of NBS such as green walls, green railway embankments, and
green noise barriers (Table 2).

Table 2. ToC Summary table for CALs interventions in Milan related to social monitoring framework,
source: the first two authors, elaborated from ELI and AMB.

CAL 1 CAL 2 CAL 3

Brief Description
Green Roofs and

Walls
A Community Public

Park
An Open-Air Waiting

Area

CLEVER identified
Regeneration

Challenge

Regeneration
challenge 1: Human

Health and wellbeing

Regeneration
challenge 3: Social

cohesion and
environmental justice

Regeneration
challenge 4: Citizen
safety and security

Aims and expected
outputs related to

ToC

Better training of
citizens in workshops

New financial
partnerships

Soil restoration
Citizen Engagement

in co-design activities

Changes to planning
policies related to

NBS

Expected Outcomes

Higher availability of
green roof spaces
Increased sense of

belonging and social
wellbeing

Increased quality of
built environment

Increased
Biodiversity *

Increase of citizens
awareness through
co-monitoring of

Nature-based
solutions

Reduction in Crime
Reduction of acoustic

noise from the
stationIncrease sense
of belonging towards
the neighborhood of

interventions

Specific Micro
Indicators

Increase
connectedness to

Nature and aesthetics

Increased social
cohesion and support

Increase in sense of
safety and security

Expected Measured
impact from social

monitoring
framework

Greener urban spaces
generate higher

wellbeing for
residents and better

environmental
quality

A higher quality
multifunctional green

infrastructure with
community

involvement and
social presidium

A new railway stop,
with higher social
and environmental

quality for the
surrounding

neighborhood and
city

* Beginning in summer of 2021, biodiversity measurements in CAL 2 will be collected with similar methods of
observation, community walks and focus groups, but will use separate sets of indicators in LMP, apart from these
social monitoring framework purposes.
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5. Data Collection, Analysis and Results

To simplify the process of adapting this social monitoring framework for the compara-
tive analysis of this research article, the following micro indicators (Figure 7) were selected
transversally from the three CALs to be analyzed commonly to build on the different
aspects of the Milano context case study. They are as follows:

• Relationship with nature and wellbeing related to the NBS intervention (Regeneration.
Challenge. 1)

• Positive impact of greenery on environmental values related to the neighborhood
(Regeneration. Challenge. 1)

• Connectedness to Nature and use of space (leisure, sport, relaxation, outdoor activity,
etc.) (Regeneration. Challenge. 1)

• Place satisfaction (general residential, open space or building), (Regeneration. Chal-
lenge. 3)

• Social interaction and cohesion within the place (Regeneration. Challenge. 3)
• Place-identity and sense of belonging (Regeneration. Challenge. 3)
• Citizen perceptions and concerns on safety and security of NBS interventions (Regen-

eration. Challenge. 4).

Figure 7. Tree map of the selection of relevant macro categories and micro indicators for the analysis of questionnaires, as
well as the type of questions *. Source: the first author. * Referring to the type of questions: binary is mainly yes/no questions;
Likert scale is mainly based on exhaustive mutual scale of preferences; ranking questions are prioritized ranking to questions
with relevance or preferences; multiple choice questions refer to different possible choices within the available answers to
select.
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Another two sets of micro indicators were added to these previous ones not uniquely
related to the urban regeneration challenges of the CLEVER Cities project, but rather to the
city-specific CALs context, after the iteration described in Step 04 (Figure 1). They measure
the following points:

• Knowledge about the CLEVER interventions and NBS in general in the city of Milan, in
addition to the willingness to participate in co-design and co-management of CLEVER
interventions.

• Socio-demographic data (gender, age, labor situation, and educational level).

All relevant questions recorded in Figure 7, have been tested and checked with local
stakeholder groups from CAL 2 (19 answers) before the official launch of the question-
naires to confirm common question types (binary, Likert scale, ranking, multiple choice or
open-ended questions). In the online Italian questionnaires, the order of the sections and
certain relevant questions were alternated in order to avoid bot fraud and to lessen online
monotony for the respondents due to its total length (average 35 questions).

5.1. Data Collection

The data collection was divided into a few phases, and it lasted approximately one
year, from May 2020 until May 2021. Table 3 summarizes the initial start and end dates of
the data collection as well as the status of the pre-greening questionnaires. According to
the aforementioned methodology, all pre-greening questionnaires were designed to contain
approximately 35 questions in total, with an expected maximum of filling-in time of 20 min.
These constraints will also be considered for data collection during the post-greening phase
since they have been developed in concordance with other Front Runner cities of the
CLEVER Cities project.

Another relevant note on data collection between March 2020 and March 2021 is that
the general use of online questionnaires by different municipality departments was gaining
popularity from a wider public consensus; hence its major use during the pandemic emer-
gency. Nonetheless, to avoid digital divide and marginalization of vulnerable populations,
a dedicated team from ELI and AMBIT was following onsite data collection through paper
questionnaires and assisted in compilation of the forms.
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Table 3. Data collection target groups, timelines and methods of dissemination.

# Target Groups Timeline
Methods of

Dissemination

Average
Time

Elapsed

Number of
Respondents

CAL 1

People who live
or work in the

buildings where
the green

roof/wall will be
built

November
2020–May 2021

Online
+ on site assisted

compilation (in Via
Russoli and Via

Ponti)

36:45 * Min 79

CAL 2

Stakeholders
who took part in
the participatory

process of
co-design of

G129

May
2020–October

2020
(Limited

distribution
within the

MiloLab and
co-design

participants)

Online + on site
assisted

compilation
23:36 Min 19 ***

Inhabitants or
frequenters of
Giambellino

neighborhood

March 2021–April
2021 **
(Wider

distribution with
municipality
newsletter)

Online + on site
assisted

compilation
19:07 Min 167

CAL 3

Inhabitants or
frequenters of

Tibaldi
neighborhood

June
2020–September

2020
Online 19:36 Min 92

Total 338 ***
* In CAL 1, one answer was recorded during an extensive elapsed time (24 h) due to a human error and it
artificially raised the average elapsed time, substantially. ** In CAL 2, a wider online and offline campaign
was carried out between March and April 2021 in order to include a younger age range in the analysis. This
was in response to the predominance of older age categories noticed during the initial phases of data collection.
*** The initial testbed questionnaires are not analyzed in this research article since the need for this analysis
is obsolete; it was needed to test the questionnaires flow, logical chain and progress time but does not add
major statistical information to the results since it was conducted with local team members and a small group of
stakeholders. Hence the total is 357 − 19 = 338 questionnaires analyzed. No sensitive data was collected during
the questionnaire’s submission. The LMT decision was to cover the ethical issues regarding the participation of
people and their data, taking the consideration not to collect any personal information unless participants gave
consent.

The population sample of the questionnaire’s respondents were equally distributed
among the residents and frequenters of the neighborhoods and eventually across possible
age ranges and gender; however, in CAL 2, major interest from female residents was noted.

5.2. Data Analysis and Results

Cross-comparative analysis to the exclusively selected micro-indicators in this re-
search, as explained before, was used to identify correlations between NBS interventions
and perceptions related to NBS social impacts. The authors have related only the posi-
tive responses recorded from each question (Table 4). The reason for this decision is that
the final aim of this research article is to provide insight into simple quantitative anal-
ysis and methods to support NBS pre-greening procedures and the co-implementation
phase [25,28,63,81–89]. Hence, the percentages or numbers reported below refer to the
highest positive value recorded in each category: very important or very satisfied on Likert
scale questions; yes (or only one category) in Binary questions; for multiple choice or
ranking scales, the first four priorities are considered in the matrix.
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Table 4. Cross-comparative analysis results from social monitoring impacts and questionnaires on perceptions. In bold,
the highest % in each CAL vertically, the last column shows an averaged % evaluation for each indicator; in red, the most

relevant. = <45%  > 100% Positive high relation between Micro indicator and questionnaires results.

MACRO
Categories MICRO Indicators CAL 1 CAL 2 CAL 3 Indicator
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1. Relationship
with nature and

well-being
related to NBS in

the area of
intervention

1.1. Importance of the green as a priority in the building or neighborhood of intervention in personal
opinion

Very important 80% 86% 87% High
1.2. Positive impact of the green areas in your neighborhood/area of intervention in personal opinion

Aesthetics of the neighborhood or buildings 55.7% 65.3% 48.9% High
Citizen’s health 53.2% 60.5% 52.2% Medium

Citizen’s well-being 49.4% 65.9% 57.6% High
Perceived temperature and thermal comfort 45.6% Low

Air quality 45.6% 70.7% 53.3% High

2. Place, use of
space and

connectedness to
Nature

2.1 Type of use for the building or neighborhood relationship
Living in the same building or Neighborhood 65.8% 80.2% 72.8% High

Working in the same building or Neighborhood 26.5% 4.1% Low
Frequenting cultural activities in the neighborhood 8.3% 8.6% Low
Visiting for green areas or physical activity in the

neighborhood 23.3% 15.20% Low

Other or personal reasons (family or friends) 7.5% 11.9% 35.8% Low
2.2. Frequency relationship time with building/ neighborhood/area of intervention

More than 5 years 84% 82% 84% High
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3. Perceived
ownership of

space and place
satisfaction

3.1. Place Satisfaction with the building or neighborhood characteristics
Accessibility to parks and green areas 82% High
Maintenance and Cleaning of the area 67.2% Medium

Availability of common spaces 63.3% Medium
Economic accessibility and services prices 43.7% Low

Public services availability 62.90% 64.1% Medium
Environment and Landscape attributes 19.8% 48.9% Low

Transportation and logistics 64.2% High
Aesthetics of the neighborhood or buildings 62.5% Low

The neighborhood in general 25.7% 49% Low

4. Psychosocial
issues and social

interactions

4.1. Place Social interaction, support and Cohesion
Staying Long in this Building /Neighborhood 74.3% 71.8% 67.1% High
Happy with relationships and vicinity in this

building/neighborhood 76.% 64.70% 69.70% High

Exchange favors and things with the residents 59.50% 49.70% 52.80% Medium
I know people that I can ask for help and support 64.80% Medium

I trust people in my neighborhood 53.90% 38.30% 51.10% Medium
4.2 Place identity and sense of belonging

Very strong sense of belonging 81% 71% 76% High
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5. Citizen
perception about

safety and
security

5.1. Concerns about CLEVER Cities NBS interventions related to the building or the neighborhood
Lighting and clear visibility 56.30% 71.70% High

Accessibility pedestrian and Cycling 34.10% 67.40% Medium
Maintenance 42.40% 64.70% 81.50% High

Presence of green areas 84.80% 48.90% High
Aesthetics 84.80% 29.30% 41.30% High

Presence of other people in space 62% 29.90% 45.70% Medium
Presence of security personnel and surveillance 36.80% 37.10% 69.60% Medium

Knowledge of the CLEVER Cities Project and socio-demographic analysis are pre-
sented afterwards (Table 5), hence providing evidence of a clear relationship between the
three main regeneration challenges of the project with evidence-based data on general
knowledge of NBS and social structures in the three CALs specific contexts.
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Table 5. Cross-comparative analysis results from the socio-demographic data in three CALs and knowledge about CLEVER
Cities interventions. In red, the most prominent categories.

MACRO Categories MICRO Indicators CAL 1 CAL 2 CAL 3
Indicator

Evaluation

C
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sp
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s
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x

t

Knowledge about
CLEVER Cities
interventions

Information about CLEVER Cities project and NBS

Knowledge about CLEVER Cities project
generally before the questionnaire 29.0% 20.0% 23.0% Low

Knowledge about Milan green roofs/shared
gardens/green stations respectively 48.6% 47.0% 68.5% Medium

Willingness to participate in co-design and co-management of intervention

I want to be more informed about how the
roof/wall will be built in the building or

Neighborhood where I live/work
64.6% 80.0% 84.4% High *

I want to collaborate in the co-management and
co-maintenance of the green roof/wall in the
building or Neighborhood where I live/work

39.5% 20.0% 28.6% low

Socio-demographic
data Characteristics

Gender

Male 57.0% 26.0% 46.0% Medium
Female 42.0% 74.0% 53.0% High

I prefer not to say 01.0% 0% 01.0% low
Age Range (% calculated over all respondents in each CAL)

16–24 1.3% 2.4% 4.3% Low
25–34 0.0% 9.0% 8.7% Low
35–49 21.5% 16.8% 21.7% Low
50–64 39.2% 32.9% 0.0% Medium
65–79 32.9% 36.5% 42.4% High

I prefer not to say 5.1% 2.4% 21.7% Low
Labor Situation

Unemployed 5.1% 2.4% 1.1% Low
Employee or self-employed/freelancer without

employees 48.1% 44.3% 62.0% High

Self-employed with employees 1.3% 1.8% 3.3% Low
Retired 38.0% 37.7% 22.8% Medium

Household 1.3% 5.4% 2.2% Low
Not working—disability or long-term sick

leave 1.3% 0.6% 0.0% Low

Student 1.3% 2.4% 3.3% Low
I prefer not to answer 1.3% 1.8% 3.3% Low

Education

PhD./Master 2.53% 6.59% 2.17% Low
University degree/Bachelor 10.13% 35.33% 51.09% Medium

High School Diploma 49.37% 46.11% 43.48% High
Middle School 25.32% 8.98% 2.17% Low

Elementary School 10.13% 1.80% 0.00% Low
No educational qualification 0.00% 0.00% 0.00% NA

I prefer not to answer 2.53% 1.20% 1.09% Low
* A noticeable high willingness to participate in co-design and co-management of the activities and interest in information about the
NBS interventions. Even though the initial knowledge about the CLEVER Cities project results are low, there is remarkable interest in
information about Milan NBS. That interest is also reflected in a high number of subscriptions to social media channels and the local
CLEVER Milan website, as respondents were invited to subscribe after submitting their questionnaires, in order to receive updates from the
project.

In general, the cross analysis between the three different CALs gives insight into
the Milanese territorial cohesion and stability in the relationship with the neighborhood
where they live. Socio-demographic data reveal a major interest in public participation in
co-creation activities as well as higher response values from females, generally in the age
range of 50–79. Specifically, a noticeable percentage of the respondents were part of the
mature population of 35–49 years (21.5%), 50–64 (32.9%) and 65–79 (36.5%). In addition,
high rates of employees and self-employed (or freelance without employers) and retirement
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categories were noticed, as well as a high rate of high school diploma respondents (46.32%),
followed by university degree holders (32.18%).

6. Discussions and Conclusions

The results from the questionnaires give indications of the different social impacts of
NBS interventions in urban environments and the correlation of the human relationship
to nature. These impacts are related to the main co-benefits of improving general health
and wellbeing, social interactions and cohesion, and an increase in the use of space, place
satisfaction, connectedness to nature and safety perception. With particular focus on each
regeneration challenge raised in the project, we can summarize the following on each
indicator (see supplementary material):

• Relationship to nature and improved wellbeing related to NBS intervention (Reg.

Ch. 1)

This indicator shows a collective consensus about green areas as a priority for all re-
spondents (all CALs ≥ 80%). CAL 2 showed an internal correlation with the neighborhood
or building since these 80% are all residents or daily frequenters of the same building for
more than 5 years. CAL 3 showed an external correlation as a majority of respondents did
not participate in the public introductory event by the municipality regarding the Tibaldi
station in December 2019.

• Positive impact of greenery on environmental values related to the neighborhood

(Reg. Ch. 1)

Noticeably, this indicator highlights the synergies between individualistic preferences
such as health and wellbeing of citizens in comparison to general preferences related to
neighborhood aesthetics or air quality and pollution in all the three CALs. The percentage
shows the cumulative prioritization of the higher four selections in each CAL from the
“strongly agree” response, with percentages ≥ 45% (In social studies, the general consensus
is that correlation percentage is considered positive if above 47%.)

• Connectedness to nature and use of space (leisure, sport, relaxation, outdoor activ-

ity, etc.) (Reg. Ch. 1)

The answers reported in this indicator are mostly from respondents that have either
a residential or labor relationship with the building (or both) and neighborhood where
the NBS are built or realized. A high correlation between neighborhood residency and
place satisfaction related to usage of green areas for leisure or physical activity is also noted
in CAL 2 and CAL 3, respectively. In other words, the majority of the questionnaire’s
respondents are also from the same neighborhood, which is also due to the exclusivity in
the questionnaire’s distribution either online or offline, since the target population was the
users of the buildings or neighborhoods where the CLEVER intervention will be carried out.
While in all CALs the majority of participants have a residential relationship to the place,
the second most frequent relationship is specific to each CAL: work in CAL 1 buildings,
visit green area or do physical activity in CAL 2 community garden, and family and friends
in CAL3 station.

• Place satisfaction (accessibility to parks and green areas, maintenance and cleaning

status), (Reg. Ch. 3)

All high percentages in this indicator are referring to people with more than 5 years
stable relationship with the same building or neighborhood. In CAL 1, 92% of these stable
relationships have been either residents or high frequenters that visit the building at least
once daily. In CAL 2, 86% of these stable relationships have selected the green areas
in the neighborhood as very important for them from the first indicator on relationship
with nature. In CAL 3, 94% of these stable relationships think the green areas of the
neighborhood are very important.

• Place-social interaction and cohesion (Reg. Ch. 3)
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A high satisfaction with their social interaction was noticed in all CALs. In CAL1
and CAL 3, valorization of social bonds, trust and support is also remarkable. Contrarily,
in CAL 2, people in the neighborhood show a lower general satisfaction; nonetheless,
residents are content with their relationships and plan to stay in the same neighborhood.

• Place-identity and sense of belonging (Reg. Ch. 3)

In CAL 1, the value on sense of belonging was slightly higher, which is possibly
due to the perception of a higher personal attachment to a building rather than the larger
neighborhood, which is the case in CAL 2 or CAL 3.

• Citizen perceptions and concerns on safety and security of NBS interventions (Reg.

Ch. 4).

General concerns of citizen perceptions on safety and security were highly recorded
in CAL 3, mainly related to lighting and clear visibility (71.7%), accessibility (67.4%),
maintenance (81.5%) and the presence of security personnel and surveillance (69.6%),
presence of green areas (48.9%) and presence of other people in the space (45.7%)

The following graphical representation of the wind-rose (Figure 8) aims to give evi-
dence from the previous analysis on the most relevant categories of interest, hence correlat-
ing between social impacts from NBS and outcomes from the methodological analysis of
the questionnaires’ data. The legend indicates if the resulting percentage is representing
results from all the three CALs or just one or two of them. For each sub-indicator, data was
averaged and elaborated according to a new percentage scale (green <60%, yellow >60%
and <70%, Orange >70% and <80%, Red >80%) to visually showcase the most important
macro categories and micro indicators by consequences.

213



Sustainability 2021, 13, 9672

 

Figure 8. Wind-rose multi-model of co-benefits of NBS according to CLEVER Cities methodology. Considered data is the
average percentage score for each indicator. Source: the first authors.

In relation to human health and wellbeing, it emphasizes the high importance of green
infrastructure as a priority, medium positive impact from green areas on aesthetics, air
quality and general wellbeing in residents’ opinions. The model also reflects on the high
connection of the relationship between residents and their permanence stability with the
building and/or neighborhood where the CLEVER Cities interventions are taking place.

Reflecting on social cohesion and environmental justice, the model specifically investi-
gates the clear high value of measuring aspects related to proximity to parks and green
areas, maintenance and cleaning of the area with perception on general satisfaction and
place ownership of one’s building or neighborhood of residence. Commonly, the survey
results guide a high social interaction in terms of happiness with relationship to vicinity
and significant trust and support among the neighbors. Increased sense of belonging also
results as an important aspect to focus on throughout the interventions in the CALs context.

Reflecting, then, on regeneration challenge 4 regarding safety and security, citizens’
perceptions reveal high interest on maintenance, aesthetics and presence of other people in
the green areas towards lowering their concerns on the areas of interventions related to
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safety and security. However, general reflection on safety and security did not result as a
priority in all three CALs equally but were overlooked on average in two CALs only.

The most striking result of this study is the high and widespread priority given by
participants to proximity to green and natural elements within their urban environment, es-
pecially related to CLEVER interventions. This is irrespective of whether the interventions
are carried out in buildings, train station environments or in urban public spaces itself.
This result contrasts with the trend observed in recent decades in our cities of soil sealing
and land consumption in our environments, eliminating green or blue elements, both in
public spaces (elimination of trees, gardens, fountains...) and in our residential buildings,
where flowerpots and small vegetation on balconies have been noticeably disappearing.
What the public seems to be calling for is a return to greening and bluing our spaces of
coexistence with nature. During the COVID-19 pandemic and, especially, during the period
of confinement, the windows and balconies of our residential buildings have recovered
their function as public spaces for enjoyment and social interaction.

To conclude, this research article aims to give evidence on the gap between method-
ological approaches towards measuring NBS social impacts. From the data analysis, it is
clear that relevant KPIs from the practice carried throughout questionnaires emphasize the
need to have a coherent simulation model from pre-greening and post-greening phases
in order to cross-compare the increased or decreased social impacts of NBS. Moreover,
the cross-comparability between the three different CLEVER Action Labs in Milan reflects
on social inclusivity as the main aim of the CLEVER Cities project. Nonetheless, positive
impact from proximity to green areas and connectedness to nature relate to an increased
general wellbeing and satisfaction with one’s building or neighborhood. It is valid to
consider the application of NBS as a driver and catalyst in terms of social cohesion and
wellbeing, but equally important is the engagement of citizens and voiceless groups in the
implementation of NBS through a co-creation dimension.

Our aim from this methodological approach carried out throughout a year and a half
of research on the theme of co-creation and co-implementation of such complex work is to
reflect on the place-based needs emerging from social impacts related to NBS co-benefits.
The evidence from literature is quite prominent, yet the evidence from practice-based on
implemented projects is more valuable and quite remarkable. Future research will include
implementing the same cross-comparative analysis on the post-greening phase after the
implementation of the NBS interventions by the end of the year 2023.

Limitations

The research results also highlight the drawbacks of the long-term process of moni-
toring aspects related to social cohesion that make the results outdated by the end of the
project lifetime. Another relevant drawback is the lack of unified measurement method-
ological framework when compared to other similar H2020 sister projects. The finding is
emphasized from the work of Task Force II established on evaluating the NBS impact in
place [21,90].

Another limitation on the general methodological approaches to social impacts re-
lated to project implementing NBS are the place-based constraints and relation to specific
contextual attributes. In the case of CLEVER Cities, the project focuses on social inclusivity,
which was emphasized by positive relationships in the different neighborhoods and pilot
project areas.

Last, other noticeable limitations are the impossibility to measure accurate social
benefits in quantitative terms except after the finalized project implementation and the
conclusion of process evaluation. Meanwhile, the readings of the questionnaires and other
instruments remain perceptual and are considered guidelines for the real implementation
pathways.

Supplementary Materials: The methodological instrument and the data analysis details are avail-
able online at https://www.mdpi.com/article/10.3390/su13179672/s1. In addition, the following
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Appendices are included as supplementary materials: Appendix 01: The Questionnaire templates in
English. Appendix 02: Table of safety and security methodological analysis in CLEVER Cities Milan.
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Abstract: Urban planning is assumed to play an important role in developing nature-based solutions
(NBS). To explore how NBS is addressed in urban development, municipal planning practices are
analyzed based on three case studies in the Stockholm region of Sweden. Through focus group
discussions, interviews and document studies, the planning and implementation of NBS and their
intended contribution to regional green infrastructure (GI) and social and ecological qualities are
investigated. The results show that the planning and design of urban green spaces engages the
local community. Moreover, different conceptual frameworks are used to strengthen an ecological
perspective and nurture expected outcomes, in particular ecosystem services and GI. Through
competence development and collaborative approaches, the co-creation of innovative solutions
for public and private green spaces is promoted. However, institutional conditions, e.g., legal
frameworks and landownership shape the planning process and can challenge the ability to enhance
social and ecological qualities. An assessment of the planning processes indicates a strong focus
on ecosystem services and local GI, while the potential to contribute to regional GI differs widely
between cases. The study concludes that a knowledge-driven and integrative planning process can
foster the potential of NBS for green and sustainable cities.

Keywords: green infrastructure; municipal planning; ecosystem services; shared governance;
co-creation; public-private collaboration; competence development; land development

1. Introduction

Worldwide, urban green spaces are under pressure as a result of the expansion and
densification of urbanized areas, the exploitation of land for the development of buildings
and roads, and the altering of landscapes and ecosystems [1]. The transformation of urban
areas poses a threat to the social and ecological qualities that urban green spaces provide
in terms of ecosystems services, biodiversity and wellbeing [2–4]. Hence, preserving green
spaces is a pressing global challenge [5] that calls for urban responses that can invert the
trends and accelerate change towards both local and global sustainability [6]. From a policy
perspective, the crucial role of urban green space in future urban development is recognized
in the UN 2030 Agenda, which is particularly addressed in Sustainable Development Goal
11, Make cities and human settlements inclusive, safe, resilient and sustainable [7].

In response to the decline of urban green space, nature-based solutions (NBS) has
emerged as a concept to operationalize an ecosystem services approach within spatial
planning [8]. NBS is a relatively new concept, but gained momentum when it was launched
as a major research area by the European Commission (EC) in 2015 [9] to improve the
implementation capacity through research and innovation activities [10]. This engagement
has yielded a diversity of results, but revealed certain key challenges e.g., the refinement
of the NBS concept in relation to other established concepts, a deeper understanding of
potential conflicts with investment interests, and the risk for gentrification [11].
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The reading of the NBS concept vis-à-vis related concepts (Table 1) is a recurring theme
in the scientific literature and an important aspect in the communication with stakehold-
ers [12]. As a clarification of the definition, the EC added that NBS must benefit biodiversity
and support the delivery of a range of ecosystem services [13], which implies a call for
added social and ecological qualities. As an umbrella concept, NBS is intended to ‘sweep
up’ all other concepts for sustainability interventions that employ nature [14]. Hence, NBS
integrates existing approaches, e.g., ‘ecosystem services’ and ‘green-blue infrastructure’,
with assessments of the social and economic benefits of resource-efficient and systemic
solutions that combine technical, governance, regulatory and social innovation [15]. This
means that NBS embraces all types of measures that aim to foster social and ecological
qualities of urban green spaces, strengthens green infrastructure (GI) and/or supports
urban resilience.

Table 1. Definitions of core concepts.

Concept Definition

Nature-based
solution (NBS)

Solutions that are inspired and supported by nature which are cost-effective, simultaneously
provide environmental, social and economic benefits, and help build resilience; such solutions
must benefit biodiversity and support the delivery of a range of ecosystem services and bring
more, and more diverse, nature and natural features and processes into cities, landscapes and
seascapes, through locally adapted, resource-efficient and systemic interventions [13]

Green Infrastructure (GI) A strategically planned network of natural and semi-natural areas, designed and managed to
enhance biodiversity as well as deliver ecosystem services [16]

Ecosystem Services Ecological characteristics, functions, or processes that directly or indirectly contribute to human
well-being [17]

Green Space Ratio The ratio between the “eco-efficient surface” and the entire surface of the plot or property [18]

Biodiversity
The variability among living organisms from all sources including, inter alia, terrestrial, marine
and other aquatic ecosystems and the ecological complexes of which they are part; this includes
diversity within species, between species and of ecosystems [19]

GI can be defined as a strategically planned network of natural and semi-natural
areas, designed and managed to enhance biodiversity as well as to deliver ecosystem
services [16,20]. In an urban context, NBS can be integrated in urban landscapes, e.g.,
by mitigating the loss of green spaces in order to further GI and thereby contribute to
multiple dimensions of urban sustainability [21]. However, there is no consensus on how
to design GI for promoting biodiversity and ecosystem services [22–24], but major efforts
on developing GI are currently being undertaken and methodological frameworks for
selecting appropriate green space designs are suggested [25]. Therefore, integrating NBS to
nurture biodiversity and ecosystem services is associated with major uncertainties.

Although NBS has been endorsed to contribute to sustainable communities [26], trans-
lating the concept into legal and institutional systems to support implementation remains
challenging [11]. Since the design of green spaces is contingent upon local circumstances,
NBS practice is embedded in local settings and often connected to new urban development.
Therefore, urban planning is reckoned to play an important role in achieving the integra-
tion of NBS in cities [27] and to merge social and ecological systems [2]. The integrative
approach fosters the multifunctional nature of NBS [28] and requires collaboration across
disciplines and governmental domains [14]. While the focus may initially be on developing
a joint vision and a design that meets diverse and often contradictory objectives for the
NBS, the collaboration also needs to align activities, financial commitments and respon-
sibilities for the development and maintenance of urban green spaces. This implies that
institutional conditions, e.g., legal frameworks, governmental responsibilities and land
ownership, are important in developing NBS, which shapes the planning process and the
ability to deliver social and ecological qualities. Hence, planning administrations need to
adapt to prevailing conditions to ensure a collaborative and integrated planning trajectory
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that is broader than statutory planning procedures and advances to the anticipated goals
for the NBS and the urban development project. Accordingly, urban planning should be
understood as the governance of place, which necessitates a collaborative and deliberate
approach that includes both the qualities of place and of process [29]. In this manner,
municipal planning processes can provide a framework that enables shared governance for
the development of NBS [30]. In the collaborative approach, active involvement of the local
community and NGOs should be encouraged to empower citizens in the development
of their local environment and equip them with knowledge about developing, operating
and maintaining NBS [31]. Grounded on these preconditions, urban planning can enhance
the merger of competencies and perspectives in the design and implementation of green
spaces and leverage the potentials of NBS.

In response to the identified need to integrate NBS in institutional systems, this paper
explores how NBS is addressed in municipal planning and urban development, and in
what way the siting and design of green spaces benefit from policy frameworks for NBS,
GI, ecosystem services and biodiversity. In addition, the paper focuses on the collaboration
between municipal authorities and other stakeholders aiming to promote the integration of
high-quality NBS in urban development. The paper is based on three empirical studies in
the Stockholm region of Sweden. From an international perspective, the Swedish planning
system is highly decentralized, with a planning monopoly for municipalities [32]. This
means that Swedish municipalities have an important role in integrating environmental
and sustainability issues in local planning [33] and enabling NBS.

This paper aims to analyze municipal practices for sustaining and developing GI,
biodiversity and ecosystem services through NBS as part of urban development and to
identify expedient pathways for the planning and implementation of NBS. More specifically,
the aim is to understand the drivers for NBS, i.e., what qualities the planning strives for
and how these benefit GI and support the delivery of ecosystem services. The following
research questions are addressed in this paper:

1. What social and ecological qualities does the development of green space aim at and
how are these qualities embedded in the planning process?

2. How does the planning process govern the design and implementation of green
spaces in urban development projects to ensure the desired qualities of NBS?

3. How are the NBS-related conceptual frameworks of green infrastructure, biodiversity
and ecosystem services used in urban planning and development and how do they
enhance the social and ecological qualities of green spaces?

2. Materials and Methods

The research is based on a study of urban development projects in three municipalities
in the Stockholm region, i.e., Stockholm, Täby and Upplands Väsby, see Figure 1. The
City of Stockholm is the capital of Sweden, and with almost one million inhabitants the
largest among 26 municipalities in the region [34]. During the last two decades, the city has
focused on developing central areas through infills and extensive brownfield developments
close to the inner city [35], and this has raised concerns about the loss of green spaces
in central areas. A study of changes in nonurban land cover in the City of Stockholm
shows that the quantity of green spaces decreased by 2% between 2003 and 2018 [36].
Täby and Upplands Väsby are both commuter municipalities located north of Stockholm.
Within the municipal borders, there are large coherent rural areas and peri-urban green
spaces with social and ecological qualities which contribute to the regional GI. Urban
development takes place primarily in the central parts of both municipalities where green
space is fragmented [37,38].
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Figure 1. Study area with case studies: (a) Stockholm county in Sweden, (b) case studies and their
municipalities in Stockholm county, and (c) zoom-in on case studies and their municipalities. Spatial
data © Lantmäteriet and © EuroGeographics.

To achieve the aims of the paper, the planning processes of the three urban develop-
ment projects are analyzed to gain an understanding of how municipal agencies run the
process of developing NBS within urban development in collaboration with other public
and private stakeholders. The results of the analyses are used to examine how the detailed
design of the NBS evolves as part of the overall project planning to identify approaches
for interdisciplinary collaboration and conceptualization of NBS that contribute to the
drafting of the project and to single out mechanisms that are employed to ensure the
implementation of the NBS. The study covers a planning period of 10 years and does not
include an evaluation of the final NBS because the development of green spaces is still
in progress.

The paper is based on the results from two research projects. The first, ISSUE (In-
tegrated Sustainable Strategies for Urban Environments), is a transdisciplinary research
project that studied local planning practices for sustainable development in urban and
peri-urban areas. Through the collaboration between researchers and practitioners, knowl-
edge was collected in a series of focus group discussions [39] regarding existing challenges
and preconditions for novel planning practices that enhance sustainable urban develop-
ment [40]. These focus group discussions took place in different thematic think-tanks,
among which one focused on social sustainability and another on planning practices for
sustainable development. The transdisciplinary think tanks included urban planners
and environmental planners from different units of the municipal administration of Täby,
Stockholm and Upplands Väsby, as well as sustainability experts from consultancy firms,
sustainability specialists and business developers from private developers, and researchers
in urban planning and sustainability analysis from KTH. The think tanks met three to four
times per year over a period of three years to discuss predefined questions on the basis of
ongoing sustainable urban development projects within the participating organizations.
The co-production of knowledge was based on an incremental and iterative approach
that included a sequence of research activities to deepen the understanding of key issues
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related to sustainable urban development [40]. In addition, a series of semi-structured
interviews [41] were conducted with 17 representatives from the municipalities of Täby,
Upplands Väsby and Nacka (i.e., environmental planners, urban planners, development
engineers and building permit officers) and private developers (i.e., business developers
and specialists), to collect individual opinions on tools and approaches to strengthen the
ecosystem services in detailed development planning [42].The focus group discussions and
interviews were documented by participating researchers. Within ISSUE, the case studies
from the municipalities of Täby and Upplands Väsby that are presented in this paper were
discussed in the thinktanks.

The other research project that feeds results into this paper is ‘Sustainability, regula-
tion and roles from detailed development plan to building permit’. This research studied
opportunities and obstacles for promoting sustainable urban development in the planning
and land development process [43]. Four urban development projects were studied in the
research, including Stockholm Royal Seaport, which is included in this paper. For each
project, one environmental planner and one urban planner that were significantly involved
in the municipal planning process were interviewed. In addition, a group interview was
conducted with four representatives from the real estate industry to collect their experi-
ences and perspectives on contemporary practices for sustainable urban development, in
particular in Stockholm [44].

Besides experiential knowledge that was obtained from the focus group discussions
and interviews, studies of literature, and official documents (such as planning documents,
investigations and online resources), were conducted to collect factual information on the
three urban development projects.

3. Regional Green Infrastructure Initiatives in Stockholm County

Stockholm County is the fastest-growing region in Sweden with 2.3 million inhabitants
and is expected to increase its population by 50% until 2050 (Stockholm County Council
2018). To meet the ongoing regional growth, a large number of urban developments are
initiated in the municipalities. To guide local development, the Regional Development
Plan (RUFS 2050) for Stockholm presents a vision that has been prepared and discussed
with the municipal authorities and other actors. The latest regional development plan
was adopted in 2018 by Stockholm County Council [45] that in 2019 changed its name to
Region Stockholm.

Within Stockholm County, two different initiatives for regional GI coexist, each with a
different focus and responsible authority. The first is the Stockholm green wedges that are
promoted by Region Stockholm and have been part of regional planning and policy since
the 1990s [46]. These ten green wedges create contiguous green spaces that extend from
the countryside in Stockholm County (ca 30–50 km from the city center) to the center of the
City of Stockholm. In addition, a number of large green-blue areas with high recreational,
ecological and cultural qualities are outlined, as seen in Figure 2. As a planning concept,
the green wedges have been important for the planning of the spatial development of
the region since maintaining a coherent regional GI has been in focus. Some parts of
the green wedges are vulnerable and defined as weak connections. Strengthening these
weak connections is deemed to be vital for binding together the green wedges and their
green core areas to secure recreational paths, creating access to larger strolling areas, and
maintaining ecological connectivity [45,47,48].
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(a) (b) 

Figure 2. The location of the case studies in relation to the GI initiatives in Stockholm County.
(a) RUFS GI comprising green wedges, rural high-quality areas and weak links. (b) an illustration of
parts of the Stockholm CAB GI, showing main corridors for hardwood deciduous forest (light green)
and coniferous forest (dark green) within and around the three case studies and their municipalities.
Spatial data © Lantmäteriet, [45,49].

The second regional GI is based on the EU Biodiversity Strategy [50,51] and the EU
strategy and guidelines on GI [16,20] for which guidelines were developed by the Swedish
Environmental Protection Agency [52]. The Stockholm County Administrative Board
(Stockholm CAB), which is the State representative in Stockholm County, is responsible
for developing the regional GI that consists of ecologically functional networks of habitats,
structures, natural areas and landscape elements that are designed, used and managed
to maintain biodiversity and promote ecosystem services [49]. In 2019, the Stockholm
CAB published a regional action plan for GI that sets priorities among different nature
conservation activities, and concretizes goals and approaches to the different areas.

As shown in Figure 2a, the case studies in Upplands Väsby and Täby are situated in
urban central positions within the municipalities, and not in direct contact with the RUFS
GI or its weak links. However, the Stockholm case is situated within or very close to a
weak link and can therefore directly be used to strengthen it. Regarding the Stockholm
CAB GI (Figure 2b), the situation is different. Upplands Väsby is not connected to either of
the selected GI components, i.e., coniferous forest and hardwood deciduous forest, while
the Täby case study is situated within the coniferous forest link. The Stockholm case is
very strategically located to strengthen the hardwood deciduous forest link.

Both regional GI initiatives value ecological qualities in terms of biodiversity and
ecosystem services, but the Stockholm green wedges include a wider range of functions [53],
e.g., recreation, health and attractiveness [45], which are linked to the conurbation of
the Stockholm metropolitan area. In this regard, the Stockholm green wedges differ
from the regional GI that is coordinated by the Stockholm CAB, which is based on a
mapping of ecological qualities for the entire county while social qualities are subordinated.
Accordingly, the action plan focuses on measures that foster biodiversity and ecosystem
services, both in protected areas and in everyday landscapes [49]. Both regional GIs overlap
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geographically and the regional authorities collaborate in the planning of measures, gaining
from the longstanding work with the green wedges and the actor networks that have been
set up for many of the wedges.

This shows that both Stockholm CAB and Region Stockholm have important roles in
conceptualizing regional GI and sharing knowledge on the social and ecological qualities
of the different components that are part of it. Several protected areas are included in the
regional GIs and cannot be exploited. However, for the remaining areas, regional authorities
rely heavily on the municipalities for the maintenance, planning and implementation of
NBS. Hence, the municipal responses affect to a large extent the long-term development of
the regional GIs.

4. Planning for NBS through Urban Development

To control the right to develop or change land use, all EU countries use different
planning instruments to balance development and the protection of land in the public
interest [54]. In Sweden, the Planning and Building Act [55] regulates land use planning
and provides legal tools, such as detailed development plans and building permits that
allow municipalities to control land use and thereby protect green spaces from development
or allocate sites for NBS. The municipal practices for sustaining and developing ecological
and social qualities in urban development through NBS are contingent upon the location
and conditions of the development site, the solutions that are considered, and the terms for
implementing selected measures.

An important condition is land ownership. Private landowners have the right to
develop their property in line with the provisions in the detailed development plan. In the
plan, the municipality can articulate the need to foster ecological and social qualities on the
development site, but it cannot stipulate binding detailed instructions related to ecosystem
services, green roofs, or other types of NBS on private land [56].

The detailed development plan also applies to the development of municipal property.
A large share of green spaces in urban areas, such as parks, common land and roadsides,
is developed on publicly owned land, which allows municipalities to fully control land
use and cater for ecosystem services in urban settings. However, municipalities also use
land ownership to facilitate and control urban development, and thus public property is
sold to private actors for housing purposes through land allocation [57]. When selling land
to private developers, municipalities can attach conditions to the land transfer that have
far-reaching requirements in a civil agreement. In this way, municipalities can put demands
on developers to create green spaces with ecological and social qualities on the building
plot [43]. Hence, land ownership enables municipalities to push for NBS in projects that are
developed by the private actors and raise the sustainability targets beyond the ambitions
of the detailed development plan.

Most of the urban development in the Stockholm region takes place in or adjacent to
built-up areas through densification at locations with good accessibility to public trans-
portation [45]. In central locations, this may affect weak links within the GI when parks
and green pockets are transformed into housing areas [47,49] but the development of sites
close to weak links also provides opportunities for strengthening GI using NBS. To nurture
the planning of NBS in urban development projects there is also a need for expertise and
political commitment at the municipal level as well as for local policies for green spaces
that are embedded in other policies and within the municipal organization. Such policies
may primarily address public space, but can also include domestic gardens that contribute
to urban GI [58].

Numerous urban development projects that involve NBS have been initiated in the
last two decades in the Stockholm region. To gain a deeper understanding of the planning
trajectories for NBS as part of urban development, three projects have been selected that
represent recent urban developments with a focus on sustainability in different municipali-
ties in Stockholm County, see Figure 1 and Table 2. All three projects are centrally located
in their respective municipality. The first project is the Stockholm Royal Seaport, which is a
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development area in the City of Stockholm, located adjacent to the Royal National City
Park and 5 km from the inner city. It is the largest ongoing urban development in Sweden,
which accommodates at least 12,000 new homes and 35,000 workplaces and serves as a
model of good practice for sustainable urban development [59].

Table 2. Key characteristics of project areas included in the case studies.

Development Area Stockholm Royal Seaport Täby Park Fyrklövern

Municipality Stockholm Täby Upplands Väsby

Type of development brownfield development new development urban renewal/densification

Key figures 12,000 dwellings, 236 ha 6000 dwellings, 70 ha 2000 dwellings, 27 ha

Milestones

2009 Detailed development
plan first stages

2010 Municipality starts
planning with
landowners

2011–
2013

—Väsby Labs: broad
dialogue

2010 First version of
sustainability program

2013 Structure plan: shared
vision landowners

2014 Land allocation using
the point system

2011 Launching of the
competence
development program

2015 Municipal plan program
Täby Park

2015 Detailed development
plan public space

2012 First residents move into
new dwellings

2015 Sustainability program:
shared program
landowners

2016 Development plan for
ecosystem services

2019 Implementation
connectivity link from
Hjorthagens park

2017 Detailed development
plans first stages for
housing development

2021 Start implementation of
park

Land ownership 100% municipal 80% private, 20% municipal 100% municipal

The second project is Fyrklövern (Four Leaf Clover) in the municipality of Upplands
Väsby, in which a mixed housing area with 2000 dwellings will be developed next to the
city center. It is the largest development project in the municipality of Upplands Väsby in
30 years and aims to build “a modern small town” [60].

The third case study is Täby Park in the municipality of Täby. This site is a former
horse race track that is being transformed into a new urban district with 6000 dwellings
and green links. According to the vision for Täby Park “Everything, from the design of the
district, to the construction phase and the operation must be characterized by sustainability” [61].

The development of Fyrklövern and Täby Park started in 2010 and should be framed
in the wider context of the debate on the planning ideal that emphasizes density, mul-
tifunctionality and city life. In this debate, city centers that represent the ideal of the
mixed city are depicted as attractive, while suburbs are portrayed as dull [62]. Against
this background, Täby municipality decided in 2010 to shift from suburban to city-like
development [63] and Upplands Väsby municipality initiated a broad public dialogue
within Väsby Labs to discuss the transformation of Fyrklövern [64]. The planning of the
Stockholm Royal Seaport started after the turn of the millennium and was built on the
experiences from the development of Hammarby Sjöstad [65].

5. Three Case Studies of NBS in Urban Development

5.1. Stockholm—Stockholm Royal Seaport

Since the 1990s the city of Stockholm has been developing several new multi-family
housing districts with a sustainability profile on former brownfield areas around the inner
city, such as Hammarby Sjöstad and the Stockholm Royal Seaport. Through the years, the
municipality has broadened the sustainability focus for these developments from waste
and water management to climate neutrality, social sustainability and ecosystems services.
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As the municipality owns the land in both project areas, it can control the development
and ensure the fulfillment of set sustainability goals.

The municipal sustainability strategies and goals for the ongoing projects in the
Stockholm Royal Seaport area are specified in the Program for sustainable urban devel-
opment [66]. The goals are used to define the requirements and criteria in land allocation
competitions that are announced for each of the construction phases. Developers are invited
to submit bids that were assessed on basis of the criteria. Because of the attractive location
of the development site, the municipality usually receives a number of competitive bids
and can select the contribution that fulfills the requirements and criteria in the best way.

As part of the competence development program for the Stockholm Royal Seaport,
the municipality organizes a variety of activities such as workshops, seminars and in-
novations projects [67]. These activities intend to increase and exchange knowledge on
sustainability challenges and best practices among developers, suppliers, consultants and
public administrations, but also to develop new solutions in collaboration with academia
and industry. In such a way, these open dialogues foster the introduction of sustainable
solutions in urban development and enhance the innovative capacity of the entire sector in
the Stockholm region.

Since the Stockholm Royal Seaport is located next to a narrow passage that connects
the northern and southern part of the Royal National City Park, the new urban district is
expected to provide ecological qualities to strengthen ecological connectivity [66]. Hence,
the urban design, the public parks, and private courtyards are assessed on their merits
related to ecological connectivity, the provision of ecosystems services, and the green space
ratio (see Table 1) of the development plots.

The comprehensive approach that is applied in the development of green spaces in the
Stockholm Royal Seaport includes multiple urban design principles to enhance ecosystems
services and NBS, e.g., multifunctional green areas, strengthening ecosystems and their
connectivity, local stormwater management, urban gardening, and green buildings and
roofs. The progress and goal fulfillment is monitored and the latest annual sustainability
report highlights that all inhabitants have access to a park within 200 m and that all
developments meet the required green space ratio [67]. Moreover, the report presents some
of the green spaces that have been completed, which are designed as green corridors to
nourish the local ecosystem by focusing on oak and amphibian habitats (see Figure 3). This
NBS was already mentioned in the detailed development plan from 2009. Although the
site was affected by soil pollution, its role as an ecological link between the Royal National
City Park and Hjorthagens Park was highlighted [68].

  
(a) (b) 

Figure 3. (a) Main connectivity links between Hjorthagens Park within the development area of Stockholm Royal Seaport
and the Royal National City Park. (b) Example of a green space in the development area that is designed as a connectivity
link. Source: (a) City of Stockholm and (b) City of Stockholm/Flickr 2019, Creative Commons license.
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Citizens are involved in the planning and development of the Stockholm Royal
Seaport, partly through social media and consultation meetings and partly through partici-
pation in joint activities such as urban gardening and pop-up parks [67]. These activities
increase knowledge and promote engagement and cooperative responsibility among resi-
dents for maintaining the ecological qualities of these sites.

5.2. Upplands Väsby—Fyrklövern

In 2011, the municipality of Upplands Väsby initiated Väsby Labs to conduct a broad
dialogue with citizens, developers and other stakeholders with the aim to provoke innova-
tive ideas for the renewal of a centrally located area called Fyrklövern [64] In the area, a
moisture-damaged school building was torn down, which opened up new development in
the area. The dialogue generated many ideas that were used to define quality criteria for
the development of Fyrklövern [69]. The municipality owns the land, but due to its peri-
urban location in the Stockholm region, it tends to be more difficult to attract developers to
invest in the municipality of Upplands Väsby compared to centrally located municipalities.
However, a number of invited developers participated in the co-creation activities within
Väsby Labs.

To kickstart the development process, the municipality set up a point system for the
assessment of project proposals through which developers could gain a rebate on the
land price for projects that meet the quality criteria that were identified in Väsby Labs.
In the prospect of a discount on the land price, 14 developers that submitted a bid for
housing development in Fyrklövern signed contracts [69]. The discount created room for
developers to test innovative solutions related to urbanity, energy efficiency, co-creation
and citizen involvement. A discussion on the detailed planning, which encompassed
both the individual projects and the development of Fyrklövern, was initiated with the
developers of the winning bids. This process of co-production and joint commitment
among parties facilitated the development of the area in line with the quality criteria.

In the detailed development plan, the municipality designated land for the devel-
opment of a new park at a central location in the area using grown-up trees from other
parts of the development site [70]. Besides the new park, a walking passage will be created
through the housing area (see Figure 4b). These green spaces are presumed to contribute to
the overall ambitions for the area related to social cohesion and safety by creating a per-
meable structure with different public spaces to accommodate diverse social qualities [71].
Although not explicitly addressed in the point system, adding ecosystem services into
the area is a focal issue for the development of both public and private green spaces in
Fyrklövern. The public green space and the private courtyards make up a coherent NBS
that supports ecosystem services with fruit trees, rain beds, opportunities for gardening
and arrangements for social activities.

(a) (b) 

Figure 4. (a) Development area of Fyrklövern. Source: Upplands Väsby municipality. (b) Illustration of public and private
green spaces, which are designed to deliver a variety of ecosystem services and connected by a walking passage through
the housing area Illustration: Funkia.
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Due to its location in the central urban area of Upplands Väsby, the NBS in Fyrklövern
is poorly connected to the regional GI. However, the Municipal Development Plan for
Ecosystem Services [72], which describes proposals for priorities of ecosystem services
for the entire municipality, marks out the central urban area as being in a high need for
green investments, specifically those related to risks for flooding. The survey of ecosystem
services also identifies Fyrklövern as a potential area for developing ecosystem services, e.g.,
for measures to strengthen the local pollinators network [38]. Hence, the Development Plan
for Ecosystem Services is a valuable resource in the planning of NBS in urban development.

5.3. Täby—Täby Park

The municipal comprehensive plan for Täby municipality from 2010 marks a shift from
suburban towards a city-like development [63]. Following this plan, the municipality aims to
achieve a cohesive urban development in the central parts of Täby, among others in Täby Park,
which is a former racecourse that will be transformed into an urban district [73]. The land is
mostly owned by four private developers with the exception of 20% of the area that is owned
by the municipality. Accordingly, the area is developed on the landowners’ terms within the
constraints of the municipal detailed development plan. To coordinate the planning of the site,
the municipality and the other landowners collaboratively developed a structure plan that
describes a shared vision for the area and was approved in 2013 but was not binding on the
parties. The plan expresses the intention to develop a city park to enhance ecological qualities
and connect to surrounding areas, which was supported by the 3000 participants in dialogue
that followed the presentation of the structure plan [73]. In addition, the partners developed a
sustainability program, which describes a joint policy for social and environmental aspects of
the development. The program is updated prior to the detailed development plan for each
of the planning stages. Hence, the planning of Täby Park is to a large degree a collaborative
achievement of the municipality and private partners.

In preparation for the detailed development plans, the municipality drafted a plan
program, which presents an elaborated plan for Täby Park and links the proposed devel-
opment to different local and regional policy documents. The program presents a plan
for local GI that consists of an interlinked network of parks (see Figure 5b). The local GI
is supposed to nurture multiple ecological qualities but is also considered to offer social
qualities such as playgrounds for schools, outdoor experiences, and sports [73]. However,
the environmental impact assessment of the program points at the isolated location of
the development area and foresees that the natural environments that are saved will be
impacted by high recreation pressure [73]. This means that existing ecological qualities will
to a limited extent contribute to the local and regional GI.

 

(a) (b) 

Figure 5. (a) Habitats (filled shapes) dominated by pine forest (blue) and hardwood deciduous forest (red) with connectivity
links (dashed lines in corresponding colors) in the central parts of Täby after implementation of existing plans. Arrows
indicate a potential for strengthened connectivity for pine forest (blue), hardwood deciduous forest (red) and wild bees
(yellow rings) [37]. (b) Illustration plan for Täby Park with biodiversity values added [73].
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While some of the existing natural environments are incorporated in the planned city
park and other parks, most of the green space will be newly-created. The sustainability
program underlines the prominence of a coherent local GI as a major quality of the area,
which is developed on municipal land and on private land that is transferred to the
municipality [74]. The sustainability program specifies the green space ratio for both public
space and private development sites. Based on the analysis of connectivity within the
local GI, the municipality anticipates that the created NBS in Täby Park will facilitate the
dispersal of species tied to pine forest and hardwood deciduous forest, as well as wild
bees [37], see Figure 5a.

6. Governance for NBS in Urban Planning and Development

The three projects that were presented in the previous section describe municipal
governance practices for the planning of green spaces as part of urban development in
the Stockholm region. Based on the scope and the intended outcomes as to biodiversity
and ecosystem services, these projects are examples of NBS, although the concept is not
explicitly mentioned in the planning documents. All three projects share an ambition to
create multifunctional green spaces that contribute to social and ecological qualities, both
in a very local context and from a municipal or regional perspective. An analysis of the
planning trajectories of the three projects in the Stockholm region provides some significant
insights as to what factors enable the integrated planning approach that caters to NBS.

6.1. Agenda for NBS in Urban Planning and Development

Urban development is generally considered a threat to urban green spaces as it mainly
focuses on residential development while the planning of green spaces ends up in a
subsidiary role [75]. Even though the projects that are presented in this paper also focus on
housing development, the results show that urban development also offers opportunities
to preserve and create green spaces. In the case studies, the intention to create green
spaces within the new developments was expressed early in the process, but initially as
part of the urban design. The concept of the multi-functional mixed city that guided the
developments of Täby Park and Fyrklövern presupposes access to parks and green pockets
in the neighborhood as a necessary function for integration [76,77]. This is reflected in
the point system that was used in Fyrklövern for the assessment of the developers’ bids,
where green space is evaluated as part of urbanity [78]. Besides urban design principles,
public opinion played a role in putting green space on the agenda, either through consent,
as in the case of Täby Park, where the proposed city park was endorsed in a public
dialogue [73], or through criticism, as in the case of Stockholm Royal Seaport, where the
detailed development plan from 2005 was substantially revised after public consultation to
minimize ecological impacts [68]. In Fyrklövern the public discussion within Väsby Labs
was initiated before a plan was drafted. This points to a strong public engagement in the
development of NBS. In addition, it demonstrates the enabling role of the urban planning
process to enhance public dialogue, either within the scope of formal procedures or as part
of local initiatives, although the contribution of citizen participation to the democratization
of urban governance is subject to debate [79,80].

The conceptualization and design of NBS in urban planning requires multi-disciplinary
cooperation to bridge different fields of expertise [15], and to let ecology become a frame
for decision making [81], relevant expertise needs to be represented in the planning process.
When and how different competencies or municipal departments are involved in urban
planning depends on the internal routines, which vary between municipalities [40]. In
the municipalities of Täby and Upplands Väsby, these routines ensure that environmental
planners partake in the detailed development planning, but their involvement in early and
more informal phases of the planning process is in most projects not secured [42]. As a
consequence, ecological and other types of expertise may be overlooked when the structure
and the scope of the urban development project are framed. This can explain why GI,
ecosystem services, and biodiversity are more thoroughly addressed in the later planning
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stages of Fyrklövern and Täby Park. For the Stockholm Royal Seaport the situation is
different due to its location next to the Royal National City Park. The first version of one of
early detailed developments was heavily criticized by experts and NGOs, which resulted
in increased attention to actions to mitigate impacts on the local and regional GI.

6.2. Enabling the Implementation of NBS

Implementing NBS on public property is normally not a problem as long as formal
requirements are met and funding is secured. All case studies have examples of such green
space developments, in particular along streets and pathways, but also public parks and
green pockets within the residential areas. Although NBS often focus on public space,
research has shown that domestic gardens also can support ecosystems services and bio-
diversity, provided that individual owners adopt sustainable garden practices [82–84]. In
addition, gardeners expand their understanding of and attachment to their local environ-
ment and enhance involvement in stewardship [85]. Therefore, combined planning of
green space on public and private property in urban development can generate synergies
and increase the ecological and social qualities of green space in the area.

Municipal authorities in Sweden do not have the regulatory means to demand a
specific design of buildings or green spaces through building permits. Thus the imple-
mentation of NBS that is not part of public green space can only be guaranteed through
voluntary commitments of developers that are formalized in agreements. In Täby Park this
was achieved through negotiations between the private landowners and the municipality.
In the cases of Fyrklövern and Stockholm Royal Seaport, developers were invited to submit
competitive bids in land allocation competitions that met stated quality and sustainability
criteria. The bids presented in most cases included innovative solutions for green building,
stormwater management, urban gardening, etc., but they were merely business offers.
Depending on the additional cost that the criteria entail, the project calculations require
an attractive location and a low land price or a high density, as in the case studies, but
on less profitable locations the number and quality of the bids decreases as well as the
probability for the implementation of NBS on private property. This implies that a market-
driven hybrid governance approach where for-profit actors participate in the realization of
sustainable urban development cannot assure an equal distribution of urban NBS benefits
across the country [86].

In line with common practices, the municipalities of Stockholm and Upplands Väsby
drafted a detailed development plan and conducted public consultation prior to the land
allocation. However, following the neo-performative model, the plan was not approved
until after the reconciliation of the plan and the development projects [87]. Accordingly,
the municipal authorities and the developers of the winning bids discuss the proposed
projects to align them with the municipal goals and policies. These discussions are normally
completed within two years and offer an arena for the co-creation of NBS and other actions
that foster sustainable urban development. The discussion involves only participants from
the municipal organization and the housing developers and can thus be described as a
formal co-creation process with the primary purpose of value creation and sustainable
practice [88]. Although the process encompasses a lot of negotiations, the meeting between
the parties involved can open new perspectives or solutions, such as in Fyrklövern, where
the co-creation process resulted in actualizing semi-public gardens that are designed to
deliver ecosystem services and the walking passage connecting these gardens, which is
regulated in the land allocation agreement between the municipality and the developers.
In the planning of the Stockholm Royal Seaport, research shows that conflicts over sustain-
ability requirements emerge during the negotiations, but through conflict resolution the
parties co-create sustainable value [89], e.g., the implementation of a local GI on public
and private property that is included in the land allocation agreement. In Täby Park the
process also focuses on value creation, but due to private land ownership, the terms for the
formal co-creation process differ. The drafting of the detailed development plans, which
is based on the joint vision in the structure plan, runs parallel to the discussions on the
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joint sustainability plan. This means that the new neighborhoods are designed through
collaborative planning within a context of deliberations on sustainable urban development.

Aside from value creation, the co-creation processes involve important elements of
learning together [88]. A customized program for knowledge building fosters commitment
and a shared understanding as part of a collaborative process [90]. The drafting of the
sustainability plan for Täby Park was supported with seminars and activities to foster
knowledge sharing and learning. Within the competence development program in the
Stockholm Royal Seaport, a large number of seminars and meetings were organized and
several research projects were initiated, e.g., a state-funded project with other stakeholders
to develop methods for integrating ecosystem services in urban development, which
generated knowledge for the planning and realization of a multifunctional local GI that
is designed to enhance connectivity [91]. Competence development supports the co-
production of situated knowledge among participants, which increases their ability to
impact societal change processes [92].

6.3. Framing the NBS in Urban Planning and Development

In the case studies, NBS is embedded in a vision of developing multifunctional public
and private green spaces in urban areas that deliver ecosystem services and strengthen
local and regional GI. To design the green spaces and analyze their potential impacts, the
municipalities primarily use three conceptual frameworks, i.e., GI, ecosystem services,
and green space ratio. NBS is commonly associated with ecosystem service and GI [9].
To what extent these frameworks can create NBS that deliver the anticipated social and
ecological qualities in the three case study areas is too early to assess, since only parts of
the projects have been realized. Hence, a detailed assessment of the generated qualities
after implementation that is supported with quantitative analyses would be needed to
gain a thorough understanding of the actual contribution of the conceptual frameworks to
foster social and ecological qualities. Nonetheless, the role of the three frameworks in the
planning of NBS in urban development can be evaluated.

Ecosystem services is highlighted for its ability to bridge communication challenges
between different stakeholders and to provide an integrated framework to adapt complex-
ity to local planning practice [93]. In this manner, ecosystem services have served as a
tool to identify tangible local measures in Fyrklövern and the Stockholm Royal Seaport
that respond to challenges and needs in urban development, e.g., climate change adaption
and stormwater management. By emphasizing the connection between measures and
expected social and ecological qualities, ecosystem services prove to provide a valuable
framework for ensuring the integration of ecological knowledge into local spatial settings.
In Fyrklövern, ecosystem services are also used as an analytical framework for mapping
ecological development needs [72] that is integrated into the municipal comprehensive
plan and used to motivate the NBS in Fyrklövern [42]. However, as a regulatory tool in
urban planning, municipal authorities in Stockholm and Täby use green space ratio to
define green space requirements for building plots that are developed by private actors,
which leaves the selection of tangible measures to developers. Although the green space
ratio does not cope with spatial and ecological relations, it promotes social and ecological
qualities, including ecosystem services, by giving higher weights to certain types of green
space, e.g., the preservation of grown-up trees and sensitive biotopes [94]. The City of
Stockholm monitors the use of green space ratio and ecosystem services in the development
of the Stockholm Royal Seaport.

GI is another central framework that can offer guidance on practices to integrate
NBS into urban planning [14]. In the case studies, GI was primarily employed to describe
interconnected local green spaces, e.g., along the walking passage in Fyrklövern. Although
the green spaces are not linked to the regional GI initiatives, Fyrklövern can contribute as a
hub for pollination between local green spaces [38]. In Täby Park and the Stockholm Royal
Seaport, GI focuses not only on interconnected local green spaces but also on connections
to surrounding areas and regional GI initiatives, see Figure 2. The strategic location of the
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Stockholm Royal Seaport entails a potential and a need to strengthen connectivity links
with both the Stockholm CAB GI as well as the RUFS GI. However, to create durable links,
more than a physical connection is required because the green spaces that compose the
link need to offer specific habitat conditions as in the Stockholm Royal Seaport, where
investments are made that aim to strengthen connectivity for amphibians and oak related
species. Hence, it remains unclear whether the local GIs contribute to the regional GIs and
biodiversity. For Täby Park, the environmental impact assessment of the plan program
expressed concerns regarding the impact of recreation on ecological qualities [73], and
the planned local GI suffers from different barriers that give rise to fragmentation. In the
Stockholm Royal Seaport, the project organization monitors connectivity and the dispersal
of oak-living insects but the ongoing land development will continue to put pressure on
existing green spaces that may counteract the potential benefits of the NBS. Nevertheless,
GI provides an important framework for the planning of NBS that allows for addressing
connections between green spaces and regional GI, but ecological relations that enhance
connectivity and biodiversity are associated with great uncertainty.

The potential benefits of green spaces for delivering social qualities and enhancing
well-being are well documented, e.g., [3,95–97]. In the case studies, these benefits are often
implied, as the anticipated social qualities are not specified in the planning documents,
which focus more on functions, i.e., recreation, playgrounds and meeting points for social
interaction. In addition, proximity is highlighted, e.g., in the Stockholm Royal Seaport
where access to green space within 200 m is used as an indicator to follow up the sustain-
ability goal of “ecosystem services for a resilient and healthy urban environment” [66]. In
Fyrklövern the goals and conditions for the local GI connect to the urban quality objectives
for urban development, which manifests in the significant role of the green spaces in
creating social qualities in urban neighborhoods.

The analysis of the case studies reveals the complementarity of the three conceptual
frameworks in the planning and development of NBS. Ecosystem services are used in the
planning and design of green spaces while GI provides a tool to address local and regional
connectivity in planning as a means to enhance biodiversity and spatial structures. The
greenspace ratio plays, above all, a role as a regulatory tool to promote ecosystems services
on private property. The need for all of these frameworks has been demonstrated in the
case studies.

7. Conclusions

The planning for dense cities has focused attention on multifunctional land use from
city to site-level planning across Europe [76], which calls for an integrated approach to
urban development to capture the complex relations and interactions in urban socio-
ecological systems. Although the role of urban planning to address multifunctionality
is widely recognized, there is a need for planning approaches that accommodate urban
complexity and are oriented towards providing solutions for urban sustainability [14].
The results from the case studies in the Stockholm region provide empirical insights into
the planning and development of multifunctional and interconnected urban green spaces
through the collaboration between municipal agencies and for-profit housing developers.
The municipal practices that were studied include both public and private green spaces
and focus on the search for NBS that integrate biodiversity, climate change adaptation and
social qualities. Although the results of the research are based on the Swedish planning
context, the findings can be transferred to countries with a similar planning system in
North-Western Europe [87]. Moreover, there are components of the municipal planning
practices that apply to situations in different planning settings.

The results from the empirical studies in Stockholm County clarify the role of ur-
ban planning in actualizing NBS to ensure the connection with and adaptation to local
knowledge, conditions, and needs, which embeds the NBS in the local context. As the
results from the research show, citizens express a large interest in the development of
green spaces, and the planning process offers an institutional context to involve the local
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community in the design, development and stewardship of NBS. Through an area-wide
perspective on urban development, a comprehensive approach to multifunctionality and
urban sustainability can be applied. However, urban planning and development entail the
balancing of interests, which is not always in favor of NBS.

In accordance with the results of the study, municipal authorities express in an early
stage of the planning process the intention to create social and ecological qualities by
developing NBS in the form of a local GI, thereby increasing biodiversity and fostering
ecosystem services. The municipal practices to meet these ambitions are mainly based
on three pillars. First, they involve a collaboration between public and private actors,
e.g., landowners and developers, by establishing a dialogue on goals, challenges and
alternative solutions to gain a joint understanding of how urban development can promote
anticipated qualities of green spaces. However, the incentives to set up a dialogue and
agree on a coherent vision differ between projects depending on land ownership and land
price. The second pillar of the municipal strategy is to pursue activities for competence
development that support the collaborative planning process with insights from other
projects and research, and establish an arena for knowledge exchange and innovation.
These activities may involve consultants or academics, but can also be part of a research
project that is aligned with aspects of ongoing projects. Third, they enable the integration
of ecological knowledge that is supported by conceptual frameworks that facilitate the
planning of green space. Among these, GI and ecosystem services play an important role in
urban planning by providing a common language for analyzing and communicating how
proposals for NBS foster social and ecological qualities of green space. In the case studies,
municipal agencies benefit from existing regional GI initiatives that provide knowledge
on existing ecological qualities and a structure to which local green spaces can be linked,
but the potential to contribute to regional GI differs widely between cases. From a longer-
term perspective, experiential knowledge and a continued focus on developing GI can
enhance biodiversity and create a resilient GI in the Stockholm region. Municipalities that
include these three pillars in their urban planning processes gain better preconditions for
developing NBS that contribute to a green and climate-resilient urban development.
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Abstract: A seemingly unresolved debate in urban planning is the call for compactness and the
provision of intra-urban green spaces. This article defines a multi-scalar spatial planning model
for peri-urban areas and urban voids able to reconcile medium to high building densities with the
provision of ecosystem services. The research is framed within design science research, and the
theoretical definition of the model was followed by its application to the International Hub for
Sustainable Development (HIDS) proposed by the University of Campinas, Brazil. The model’s
parameters and indicators derive from a literature review, case studies, and GIS spatial analyses. A
series of expert workshops and a survey were carried out to test and validate the model. The results
show that the model can support knowledge-based development in peri-urban areas with high levels
of population density while ensuring good accessibility to green spaces and productive landscapes.
The model can serve as a planning and design tool and support the development of public policies
for other contexts committed to more resilient and sustainable development.

Keywords: planning models; spatial planning; green infrastructure; nature-based solutions (NBS);
knowledge-based urban development

1. Introduction

Since the post-war period, urban sprawl has been on the increase worldwide. In fact,
most urban areas have expanded their areas beyond their population growth rates [1,2].
Sprawl poses a range of challenges to urban management, with increased needs for expand-
ing infrastructure, transport, and other services; for residents, in terms of lack of access to
those; and to ecology due to land fragmentation, degradation and destruction of habitats.
Additionally, increased rates of urbanisation are linked to higher urban temperatures and
greenhouse gas emissions. While climate change is our most pressing issue, not a single
G20 country is in line with the Paris Agreement [3]. Controlling land take remains one of
the main difficulties for local governments in developing countries [4]. Competing agendas
are at play since the real state sector is a significant employer, a motor of economic growth,
and housing needs are still to be met. Yet, equating urban development with local needs in
a sustainable and resilient manner is critical.

The call for dense, compact, mixed-use and traditional urban structures were at
the core of the severe criticism placed against modernist planning at the birth of urban
design as a discipline in the 1960s. The 1990s saw a renewed interest in compactness
as a potential counter option to urban sprawl towards a more sustainable way of urban
living [5]. Principles of the compact city model include compactness, density, diversity,
mixed uses, sustainable modes of transportation and green spaces [6]. Although many
authors claim this model to be capable of absorbing urban population while also protecting
the environment [7–9], revisions of the model question its capacity to effectively bring
nature close to residents [10,11]. Haaland and Konijnendik showed that the provision of
urban green space in compact cities is a major challenge and that densification processes
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tend to pose threats to existing and planned urban green spaces [12]. Within the frame of
the compact city, the loss of urban green spaces is seen across typologies [13], including
allotment areas [14] and recreational sites [15].

In turn, since the emergence of the garden city idea, approaches that put good access
to green spaces and their generous provision at the core are posited as contrasting to the
compact city model. Popular preference to live in detached houses, in privacy and close
to nature, has fuelled the splendid growth that suburban development has had in the last
70 years [16] and may have a resurgence given the recent mobility patterns suggesting a
potential move away from urban areas seen during the COVID-19 pandemic. Planning
debates have shown a persisting dichotomist approach in considering the benefits and
shortfalls of such models [17,18].

While principles of urban sustainability such as compactness, medium-high density,
walkability and liveability continue to be significant, the question of the presence and the
roles of nature in urban planning has recently taken centre stage. The concept of green
infrastructure (GI), defined as a strategically planned network of natural and seminatural
areas aimed at delivering a range of ecosystem services [19], and more recently that
of nature-based solutions (NBS), as actions inspired by, supported by or copied from
nature that aim to help societies address a variety of environmental, social and economic
challenges [20], have been used in the planning, delivery and stewardship of ecosystem
services in and around urban areas. There is considerable evidence that green spaces
bring a range of benefits to people [21,22], such as stress reduction [23], beauty, places
for active and passive recreation and direct contact with nature [24]. During the recent
pandemic, it was noted how their use increased, despite lockdowns and restrictions to
mobility [25,26]. In cities, green spaces reduce temperatures, help prevent flooding and
improve air quality, among other advantages [27,28]. More and more, nature is considered
a key ally in combatting climate change [29,30].

Sustainable cities can arguably have many forms [31,32]. Planning debates on the roles
of urban morphology on indicators related to sustainability often consider distinct planning
models potentially appropriate to face current global challenges. Research on planning
models has shown progress on integrating ecosystem services into planning [4,33] and on
seeking to overcome the distance between compactness and the provision of ecosystem
services in cities through new frameworks and methods [34,35]. Artmann et al., for
instance, proposed a framework combining the concepts of smart growth with that of green
infrastructure [36], and Ritcher and Behnisch put forward a methodology for multicriteria
assessment of environmental concerns [37]. There has been too modelling research into
aspects of density and accessibility to green space [38–40]. Despite advancements, research
on linking compactness and the green city often treats density as a parameter instead of a
central element of the equation. Furthermore, there is a lack of multi-scalar models dealing
with the peri-urban areas and in the context of developing countries [41].

This article aims to present, test and validate a spatial conceptual model able to balance
density and green spaces in the planning and design of peri-urban contexts, particularly for
knowledge-based urban development areas. It addresses the following research questions:
(1) how can medium/high densities be reconciled with the provision of green spaces in
a peri-urban context for knowledge-based urban development? (2) in which way can
the definition of a spatial planning model help in the proposition of solutions for a new
development area? (3) How can the model contribute to a circular economy? (4) How can
both urbanity and access to nature in a liveable and healthy environment be provided?

The model shows that achieving compactness and high densities do not exclude the
adequate provision of green spaces. The multi-scalar approach employed allowed for
the integration of ecosystem services into design thinking, and the integration of urban,
peri-urban and hinterland areas.

The next sections describe the background of this research and the methods utilised.
The presentation of the spatial planning model in its three scales: micro, meso and macro
follows. Subsequently, the model is applied to the case of the International Hub for
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Sustainable Development (HIDS) in Campinas, Brazil. The discussion brings together the
key findings, puts them in relation to the state of the art, and suggests further research
directions. We conclude with reflections on how this research addresses the question of
compactness and greenery in cities today for knowledge-based urban development in
peri-urban areas.

2. Background

The starting point of this research was the current planning of HIDS. Considering the
need to prevent further land fragmentation due to sprawl, infilling with the generation of
compact and multifunctional urban spaces has become crucial for creating liveable and
sustainable environments [9].

In Brazil, as in other Latin American countries, new urban patterns mostly associated
with the upper-middle classes, such as gated communities, have emerged in the past
decades as a reaction to increasing urban violence. This resulted in low-density, scattered
urbanization around metropolitan areas [42], leading to even higher social segregation
and negative environmental impacts [43–45]. As a result, the peri-urban circles around
large cities in these countries often show an asymmetrical occupation of poor and affluent
populations. Different factors led to this uneven distribution, such as the presence of
landfills, in the former case, or amenities such as natural parks or university campuses, in
the latter.

The city of Campinas, in the state of São Paulo, is the fifth largest urbanised area in
Brazil and displays a typical pattern of uneven peri-urban areas. Favelas were formed in
the western skirts of the city, while upper-class residential neighbourhoods and gated com-
munities were implemented in the north, close to former prominent coffee plantations and
to the University of Campinas’ (UNICAMP) campus, created in the 1960s. The university’s
presence stimulated the subdivision of existing farms into residential neighbourhoods and
gated communities, increasing land value and resulting in real estate speculation and a
discontinuous urban fabric interspersed with natural forest patches and protected areas.

The case of Campinas is a recurring pattern. During the 20th century, many university
campuses were founded in the peri-urban areas of Brazilian cities, where land was afford-
able. However, these universities are now interested in implementing a more bustling and
diverse urbanization model around them to attract high-technology firms and establish
innovation hubs. Yigitcanlar has defined the new “knowledge-based urban developments”
as “a place containing economic prosperity, environmental sustainability, just socio-spatial
order and good governance” [46]. They support the production of knowledge through
interactions between the interested parties that make this process possible. The current
view of such areas has been represented by a quintuple helix model of innovation, in which
society and the environment extend the triple helix model of academia (the university),
industry and government. The built environment is thus an essential part of the system,
shaping and accommodating the production of knowledge [47]. Knowledge districts bring
together universities, research centres, and companies to promote the transfer of the most
advanced scientific knowledge to the productive sector. They depend on dense and active
urban spaces to promote social interaction and foster innovation. Their desirable qualities
include not only scientific facilities and services but also social amenities, such as accessible
public spaces with unique surroundings, such as waterfront locations, national parks or
historical sites [48].

In face of the growing importance of the knowledge economy, and with the lack of ade-
quate models for creating the desired ambience and at the same time dealing with the natu-
ral fragilities of peri-urban regions, city planners often find themselves stuck between gated
communities’ developers’ expectations and the need to implement knowledge-based urban
areas, which could be more sustainable both socially, environmentally and economically.
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3. Materials and Methods

This research is framed within Design Science Research, which advocates the reduction
of the gap between theory and practice, proposing solutions to real problems. By applying
the solutions and evaluating their results, knowledge and new theoretical frameworks for
science can be generated through an evidence-based approach, not only in an exploratory
and descriptive way, but also prescriptive [49–51]. It too draws from research through
design, as the design process is an integral part of the research [52,53]. A spatial planning
model articulating density parameters with the provision of greenery was developed and
subsequently applied to the planning and design of HIDS.

We built on Nassauer and Opdam’s analytic framework [54] for knowledge innovation
(Figure 1), which goes from process analysis to a phase of translating the acquired knowl-
edge into planning and design rules and, finally, their application to a site-specific case.
Hence, the first stage of the work involved the definition of parameters of compactness and
landscape metrics and indicators (Figure 1’s green rectangle). This was done through an
expert workshop, literature review and case studies analyses [55]. In the second stage (blue
rectangle), the spatial concept model was developed across three main scales: the urban
block, the district, and the city, considering the area of HIDS. Further details of specific
methods employed in the definition of the model are presented in the respective sections.
In the third stage (Figure 1’s pink rectangle), policy analyses and regulations relevant to
the HIDS’ site were undertaken, and spatial data collected and generated. Subsequently,
the model was presented and discussed in focus groups with experts in environmental
sciences and urban planning, and in a public event with experts in agroforestry. Finally,
the model was applied to the HIDS area through a series of design events. As Madureira
and Monteiro showed, the relationships between density and green spaces are strongly
mediated by the quality of the latter [56]. Hence, this research brings together quantitative
data, its analysis and evaluation, and qualitative design. These events involved academics,
the local authority planning department and other stakeholders. A questionnaire on the
usability of the model was completed by the design teams at the end of the process, which
helped to evaluate and validate the model. They were asked whether and, if so, how the
model was useful in the design process and for feedback on its potential improvements.

Figure 1. Diagram of the methodological framework.

4. The Spatial Planning Model

This section presents the spatial planning model proposed to reconcile density with the
presence of nature, in a context of knowledge-based urban developments. It was developed
to find a balance between the delivery of a range of ecosystem services, while concomitantly
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allowing for medium-high densities. Density is here considered as the net housing density
and net building density. Net housing density refers to the number of dwelling units per
hectare of net residential area (considering only predominantly residential plots). The net
building density is represented by the Floor Area Ratio (FAR), which means the relationship
between the total amount of the building’s floor area (gross floor area) and the total area of
the plot on which it stands.

The following subsection introduces the scale of the urban block, which will be
followed by the meso and macro scales. The work in the various scales was cyclically
revised after the results from the various stages were produced. The whole model was
evaluated, finetuned and validated through the process of its application to the planning
of HIDS.

4.1. The Urban Block

This initial stage of development sought to explore the concept of an “ideal urban
block”. It was developed from the guidelines and parameters established by Sanches [55]
and complemented by the analyses of more than 400 case studies worldwide and a literature
review. The following metrics were selected to maximise the provision of green spaces
while providing the highest density. For green spaces, they are a minimum of 35% of green
space area, a maximum of 26 green spots, the minimum average size of the green areas of
240 m2, and the maximum average distance between green spots of 7 m. With regards to
the built-form and density, they are as follows: intra-block parking area of up to 10% to
minimise its presence, the maximum Building Coverage Ratio (BCR) of 57%, the minimum
Floor Area Ration (FAR) of 1.5, the minimum of 220 density of dwelling units per hectare
(du/ha), and the minimum size of apartments of 90 m2 (Figure 2).

Figure 2. The urban block metrics.

A design workshop was subsequently organised with a multidisciplinary group
of experts (see Section 4.3) who were asked to employ and test the selected metrics in
proposals for a generic urban block.

Besides the metrics adopted in the workshop, types of intra-block green spaces were
categorised based on accessibility and use. This stage was too based on literature review
and analyses of case studies [55]. Four types were defined (Figure 3):

• Squares and other green public spaces;
• Privately-owned public open spaces (POPOS 1) [57], which are private green spaces

where mixed uses prevail on the ground floor, with active facades. The inner area of
the block is accessible, with entrances on at least two sides of the block;

• Privately-owned public open spaces—2 (POPOS 2). Predominant in residential areas,
in open or semi-open blocks, these green spaces allow access to non-residents but are
more secluded;

• Privately-owned green spaces of restricted access. These are residential courtyards
and gardens with resident-only access.
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Figure 3. Types of intra-urban green spaces defined for the spatial planning model ordered by level of accessibility and use,
from public to private.

4.2. The Meso Scale: The Neighbourhood and the District

The second stage addressed the neighbourhood and district scales. By defining the
typology of green spaces at this scale, we sought to equate urban and ecological connectivity
issues and explore different degrees of urban density (housing and general building). The
types of green spaces selected were linear, given their ability to extend throughout the
territory and link to existing natural patches and agricultural areas (Figure 4). They are:

• Tree-lined streets: street, avenues, boulevards that are predominantly tree-lined and,
when possible, with permeable pavements and flowerbeds on the sidewalks.

• Greenways: green corridors with pedestrians and bicycle paths, in which active
mobility is the primary function.

• Linear parks: linear green spaces, providing multiple ecosystem services.
• Ecological corridor and parks (buffer strip): forested corridors connected to natural

patches of relevant ecological value. They allow for the movement of fauna and
provide a buffer strip with uses akin to linear parks to minimise edge effects (whether
anthropic or natural) [58–61].

• Ecological corridor and productive green spaces (buffer strip): similar to the type
above, but with buffer strips for productive uses, which can be areas of urban agricul-
ture, agroforestry or forestry with native species.

Figure 4. Types of linear green spaces in the spatial planning model at the neighbourhood and district scales.
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The minimum widths of these green spaces must be adapted to their local context.
Since Campinas, Brazil, is the location of our test case, we adopted the minimum require-
ments as stipulated by its local legislation.

Productive green spaces associated with ecological corridors take into account circular
economy precepts [62]. Food and forestry products produced are intended to be primarily
consumed and used on site. This approach supports the development of community-
driven urban allotments, which provide direct access to zero-kilometre food and encourage
healthier food consumption habits [63]. Locally sourced timber would be employed in the
building construction. Other benefits include the reduction of CO2 emissions related to
the reduced need for the transportation of goods and the use of renewable materials. The
model can thus be a thriving force to foster circular economy.

Following a density gradient logic, based on a series of studies on the impact of
urbanisation on urban biodiversity, such as due to noise levels, traffic, number of people
circulating, housing density and the height of buildings [61,64], we established three
intervals (high, medium, low): the closer to a natural area with high ecological value
(ecological corridors and natural patches) the lower the housing density and the floor to
area ratio (FAR).

The linear green areas with a vocation for recreation and leisure (greenways and linear
parks), and therefore destined for the intense use of the population, do not fit into this logic
of gradients. As such, placing medium and high-density areas close to them would allow
for the greatest number of people to benefit from their use.

The indicators of built-up and housing densities (high, medium and low ranges) were
obtained with the aid of Principal Component Analysis (PCA), a multivariate analysis
visualisation technique, from the raw data from Sanches [55]. The high-density intervals
we use in the model are the ones previously defined for the urban block scale (Figure 2).
In turn, the medium and low-density ranges were extracted from the data from sample
blocks that distanced from the vectors of the PCA corresponding to the built-up and
housing density variables (FAR and DOMIC) towards the vectors corresponding to the
variables of the percentage of vegetation cover and the average size of green spots (PLAND
and PATCH). Therefore, the lower the density, the greater the tree cover; that is, there
is a negative relationship between these two parameters. The sample blocks selected as
reference are indicated by the dotted circles in the PCA of Figure 5.

The model assumes a feasible scenario of implementation. Hence, we set housing
density ranges (high, medium and low), and their respective FAR and maximum BCR, and
the lowest minimum percentage of vegetation within the blocks, as seen in Figure 6.

4.3. The Regional Scale

The third stage addressed the regional scale, and how to articulate the meso scale to
the peri-urban landscapes, often marked by the coexistence of sprawl, agricultural areas,
natural patches and traffic infrastructure, as is the case of HIDS. The main premises were to
minimise the negative effect of highways as barriers to ecological and urban connectivity
and the edge effect in the transition of contrasting land uses. At the same time, the aim was
to push for compactness in order to support sustainable urban development, minimising
sprawl over protected natural and productive areas.

Greenways were identified as a type of green space that would link the development
area to the surroundings supporting active mobility. Ecological corridors were too em-
ployed at this scale to promote ecological connectivity of natural patches, natural areas of
permanent protection, and natural reserves within the surrounding agricultural areas.

4.4. The Spatial Planning Model across Scales

Figure 7 presents the general framework of the development of the spatial planning
model. It articulates the concepts, guidelines and theoretical principles explained above
regarding the combined planning of green areas in a scenario of increasing urban density.
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Figure 5. Principal component analysis (PCA) ordination (triplot) for urban block data with density
(DOMIC and FAR) and landscape ecology (PATCH and PLAND) variables. The PCA was used to set
parameters of density intervals and percentage of vegetation cover. DOMIC and FAR are housing
density and built-up density, respectively. PATCH and PLAND are average size of green spots and
percentage of vegetation cover, respectively.

Figure 6. Parameters of net housing density, net built-up density (FAR), building coverage rate (BCR)
and vegetation cover rates with intervals defined from the PCA.

The model is broken down into layers in Figure 8 to clarify its structure further and
enhance its readability. Prior to implementing the density and green space layers, it is
necessary to identify significant pre-existences such as urbanised areas and natural patches
in the vicinity or on the edges of the site.

As a first layer, ecological corridors protected by buffer strips, which could be pro-
ductive green spaces (agriculture, agroforestry, and forestry of native species) or parks are
established as a priority. The second layer comprises the other types of linear green spaces:
tree-lined roads, greenways and parks, which fulfil the role of ecological connectivity,
active mobility and leisure. It is worth noting that the greenways are meant to go beyond
the intervention area, linking across scales. The third layer comprises the green areas
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within the blocks, here represented by nodes. They are intended to be articulated to the
tree-lined roads and the greenways. The fourth layer consists of the occupation of the
territory according to a density gradient (distributed in three intervals of housing density
and three intervals of building density) in which the areas closest to ecological corridors
must present the lowest density rates, which gradually increase towards the centre of the
urbanised area. The minimum percentages of intra-block vegetation cover also change
depending on the density range in which the block is located, as explained in Figure 6.
With all the layers overlapping, we have the complete model that can be replicated in
similar contexts to HIDS.

 

Figure 7. Framework of the definition of the spatial planning model. The two themes, green areas and density, run across
the scales (urban block, neighbourhood/district and the city/region).
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Figure 8. The model broken down into green space layers and density gradients.

5. The Case Study: The International Hub for Sustainable Development (HIDS)

5.1. Background

Campinas’ High Technology Hub Development Company (Companhia de Desenvolvi-
mento do Polo de Alta Tecnologia de Campinas—CIATEC) was conceived in Campinas in the
late 1970s, as a second-generation park next to the University of Campinas. Located 15 km
north of the city centre, it was then expected to become the Brazilian Silicon Valley. In the
1980s and 1990s, a few private companies and two large public research institutes settled in
the area, which, however, lacked the necessary infrastructure investments, and most of the
land remained undeveloped.
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According to Gyurkovics e Lukovics [65], first and second generation technology parks
were based, respectively, on the “science push”and “market pull” models of innovation,
and they were typically located inside or next to university campuses. Third generation
parks, on the other hand, tend to be located in bustling city centres, and they are based
on a different innovation approach, known as interactive or feedback-based, typically
developed through living labs. They look less like parks and more like hubs, districts, or
simply knowledge-based urban areas, and their aim is to “improve the welfare of the local
community” and “the development of their regions”, connecting “the regional economy to
the processes of knowledge-based economy”.

After acquiring a large land parcel in CIATEC in 2014, the University of Campinas
proposed converting this second-generation science park into a third-generation innovation
area, named International Hub for Sustainable Development (HIDS in the Portuguese
acronym) (Figure 9). This conversion not only involves introducing new and updated
infrastructure but also a renovation in terms of culture and objectives. The most significant
change is the focus on a new economy that explores opportunities related to sustainable
development, such as clean energy and lower impact urbanization. In order to achieve this
goal, housing, services and public spaces must be introduced to generate density and a
diverse and active urban environment, attracting innovative firms and creative researchers.
At the same time, the area encloses historical heritage and natural forest fragments that
must be protected and connected through ecological corridors. A careful environmental
plan must be carried out in order to set up an exemplary scheme that is in harmony with
the hub’s new guidelines. Moreover, the literature shows that many of the characteristics
searched and valued by third-generation innovation hubs’ users relate to the quality of
green areas and open public spaces. For this reason, the site seemed a perfect opportunity
for the application of our model.

Figure 9. Location map of HIDS, in Campinas.

5.2. The Site-Specific Data Collection

Geo-referenced data was collected from the municipality of Campinas data portal
and statistical data from the IBGE website (Brazilian Institute of Geography and Statistics).
The collection of secondary data covered themes such as environmental, socio-economic,
spatial characteristics and planning legislation. Primary data comprising spatial, tabular,
and textual data relating to HIDS was produced. It included land cover, the quantification
of each land cover class, and the calculation of metrics, such as FAR and BCR. To obtain
the land cover data, supervised classification was used. This remote sensing technique
classifies the land cover from satellite images based on spectral and texture characteristics.
Satellite images were obtained from Planet’s Skysat satellite sensor, with a spatial resolution
of 3m and RGB and Near Infrared (NIR) spectral bands (bands 1,2,3 and 4—imaging date
from 8 September 2020). The classifier selects the sampling units of pixels representing
each land cover class, and the software generates an automatically classified image. The
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final product is a raster image, whose values for each pixel correspond to a certain cover
class. We use the open source QGIS software and the Dzetsaka classifier (plugin) with the
Random Forest classification algorithm. The land cover categories defined were: (1) tree
and shrub, (2) herbaceous, grassland and agricultural land (3) impermeable areas, (4) river
or lake and (5) bare soil.

The existing buildings in the HIDS urbanised cores were manually mapped, and the
total built area was surveyed to determine the FAR and the BCR. This allowed for an
understanding of the initial conditions related to density and availability of green spaces.
Accordingly, “buildings” were added to the land cover map. For the calculation of the FAR
and the BCR the total land area of each nucleus was considered, excluding the road system;
that is, only the area of the blocks, which eventually houses, in addition to buildings,
parking lots and common green areas, was used. After the mapping, the land cover classes
were quantified in hectares and percentage in relation to the total area of HIDS and the
area of each urbanised nucleus within it.

The result of the supervised classification obtained a Kappa index of 99.74% accuracy.
The amount of each land cover class is shown in the pie chart below (Figure 10).

Figure 10. HIDS’ land cover map and percentage of each class.

As expected, herbaceous and grass cover (including agricultural areas) is the predomi-
nant land cover (47%). However, the proportion of impermeable areas (20%), consisting
of general pavements, parking lots and roads, exceeds the proportion of tree cover (19%).
This is not surprising given the existing car culture, associated with precarious public
transportation, making the automobile the primary means of mobility for many.

When we consider only the urbanised areas, the proportion of tree cover, herbaceous
areas, and impermeable surfaces is very different from the HIDS as a whole, as shown in
Figure 10. In this case, impermeable pavements are predominant, reaching 42% of the total,
due to large areas destined for parking and paved roads. The buildings and tree cover
reach similar values.

Low BCRs and FARs were observed, when compared to those practiced in the city of
Campinas, and to the values established in the city’s master plan. Analysed alongside the
tree cover, it is evident that although buildings do not intensely occupy the ground, the
open areas present a much more limited tree cover than the site could accommodate.
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5.3. The Application of the Model

This first stage was carried out through an international workshop (July 2020) that
asked participants to consider how greenness, compactness and density could be achieved
simultaneously at the scale of the urban block, alongside other sustainability criteria, with
the use of computational tools.

One of the urban design proposals developed during the workshop is presented
in Figure 11. It shows the compatibility between concepts and parameters of compact
and dense green blocks and other sustainability criteria. In this example, as set in the
spatial model, the vegetation cover reached 35% of the block area with a minimum FAR
of 1.5 (performed with a FAR of 4.3). Inner-block green spaces are evenly distributed and
relate to one another across adjacent blocks. Housing represented 60% of the total land us.
The density achieved was 286 dwellings/ha (which met the parameter of a minimum of
220 du/ha). The results show that the green space and building density parameters were
not mutually exclusive, and sound proposals were achieved.

Figure 11. Urban design proposal developed during the international workshop in July 2020. Repro-
duced with permission of team participants.

Subsequently, the complete spatial concept model was applied to the full extent of the
HIDS’ area in two expert workshops with planning professionals and architects. Prior to
the design explorations, a presentation of the model took place and a list of the indicators
given to participants.

The second exercise consisted of applying the spatial concept model from the macro to
micro scale (January–February 2021). Firstly, participants had to consider the site’s related
policies and characteristics (i.e., environmental regulations, water streams/bodies; natural
forest patches, topography, existing buildings, road system, points of interest) and other
requirements, such as sustainable mobility, at the macro scale. At the meso and micro
scale, participants were challenged to develop a proposal for typical urban blocks for the
HIDS’ area.

The exercise’s aims were to protect the current streams and natural vegetation, to
promote high-density urban development, to connect the new urban blocks to current
facilities in the HIDS and to the surrounding urban fabric. The spatial concept model was
a tool offered to the participants to achieve these aims.

Nonetheless, each team was challenged with a different set of requirements: the first
team had a pre-defined street network system as a constraint; the second team had to
consider the current land ownership boundaries; and the third team did not have any
constraints. This was intended as a way to explore the applicability of the model across
different scenarios.

The urban designs presented some shared solutions: all teams worked with the
model’s green spaces typologies such as the ecological corridors and buffer strips along
them, which predominantly host productive functions (i.e., urban agriculture, agroforestry,
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community gardens), and linear parks. The three teams also proposed a large park in the
Anhumas Valley, located in the east part of the HIDS, to protect the Anhumas River and its
embankments (Figures 12–14). Figure 12 shows one of such proposals. The team employed
the urban density gradient logic set in the model as a starting strategy. As in the model,
its greenways are independent of the street network, and linked to other green spaces
categories, such as the Anhumas Park.

 
Figure 12. Urban design proposal by Team 1 (pre-defined street network requirement). Reproduced
with permission of team participants.

 

Figure 13. Mobility network solution developed by Team 2 (fixed land ownership boundaries
requirement). Reproduced with permission of team participants.
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Figure 14. The gradient of urban density related to green spaces and arterial road network proposed
by Team 3 (no constraints). Reproduced with permission of team participants.

Besides the green spaces categories suggested in the model, Team 2 proposed wet-
lands as a new green space category for water treatment purposes. They also included
greenways along the boundary of Anhumas Park (Figure 13).

One of the main aspects of Team 3’s proposal is the adoption of the model’s density
gradient - the closer to arterial roads, the higher the urban density; in contrast, the closer to
protected natural green space (e.g., ecological corridors), the lower the urban density. Since
the team was not bound by any design constraint, the model’s gradient density helped
the team design the road system avoiding placing arterial avenues close to ecologically
significant green spaces (Figure 14). The greenways were also designed independently of
the arterial road network and linked to other green spaces.

All the teams went forward in the design process, resulting also in a neighbourhood
design proposal at the level of massing, and the design of urban blocks, as a first exploratory
design which were improved in the third exercise to be shown as follows.

In the third and last exercise (March–June 2021) participants were asked to further
develop a smaller area of HIDS, working in the meso and micro scales. Two teams were
responsible to develop two different urban centralities, named Central Plateau and South
Centre. These areas were chosen because the Central Plateau is HIDS’ geographical centre,
hence equidistant from existing facilities and institutions; and the South Centre because it
presents the longest edge between public and private land within HIDS.

The teams were asked to develop mixed-use neighbourhoods (housing, retail, offices,
public equipment/institutional use as schools, administration, etc., and science labs) and
create two building density scenarios: FAR 2.5 and 3.5. Both design proposals adopted
multifamily residential buildings as a solution to provide higher density. No buildings
(residential, offices and retail) exceed seven storeys.

Although they pursued the same aim, each team adopted a distinctive urban morpho-
logical solution. The Central Plateau was developed considering the block as the minimum
design unit, presenting the following morphological types: 1

4 open block, half urban block
and closed urban block [66]. These morphological solutions often generated a single larger
green space courtyard in the block and assured aggregated green spaces, which helped
achieve the maximum number of green patches and average green patch size set by the
spatial model (Figure 15).
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Figure 15. Urban design proposal for the Central Plateau. Reproduced with permission of
team participants.

In contrast, the South Centre proposal was based on plots as the minimum design unit,
presenting point-block buildings and slab buildings with plinths as the morphological ty-
pologies [66]. Nevertheless, the team sought to establish green space continuity throughout
the blocks by employing privately-owned public open spaces (POPOS) as per the spatial
model (Figure 16).

 

Figure 16. Urban design proposal for the South Centre. Reproduced with permission of
team participants.

Quantitative data about the proposal’s performance compared to the model’s param-
eters is shown in Table 1. We can see that the green space area, housing density value,
FAR, BCR, parking area and average dwelling size are either very close to the model’s
parameters or reaches even higher values and better performances.

Table 1. The design’s performance compared to the model’s parameters.

Parameters/Centrality Central Plateau (per Block) South Centre

Green space area 35% 20%

BCR 50% 55%

FAR 2,5/3,5 2,5/3,5

Housing density 136 du/ha/197du/ha 212 du/ha/285 du/ha

Parking area No data Up to 10%

Average dwelling size 100 m2 100 m2
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5.4. Evaluation and Validation of the Model

One of the most relevant aspects of this research was validating the spatial plan-
ning model through its practical application in the design exercises discussed previously.
Through the series of workshops, an iterative process of testing and evaluating results
generated improved propositions that, in turn, took the designs in new directions [67].
The design science research approach undertaken meant the definition of evidence-based
solutions and the evaluation of their results in real-time. This, in turn, can contribute
towards reducing the gap between theory and practice. The ability to continuously assess
both the projects and the model was one of the main benefits of the approach.

The survey carried out with the design teams after the third exercise confirmed that
the quantitative and qualitative parameters provided at the beginning were constantly
considered, even though some found it challenging to follow them through all stages of the
design process. In the end, the participants considered the model helpful for the definition
of an urban landscape with the desired qualities.

The green space categories at the meso scale were adopted by most participants as
strategies for ecological connectivity, urban connectivity, to enhance biodiversity and to
provide a range of ecosystem services. The density parameters were fully adopted or used
as the starting point for the setting of other indicators.

As a model is a simplification of reality, it must be selective. In this research, the focus
was on density and green spaces. Nevertheless, participants felt the need to integrate other
aspects in the design process (e.g., urban climate, energy efficiency, mobility and TOD—
Transit-Oriented Development, sustainable water management, vitality and liveability,
etc.). In some cases, however, participants applied the model literally, laying down some
spatial elements as schematically suggested, such as the linear parks and density gradient
distribution. This misunderstanding of the model’s application must be avoided, since it
may lead to a limited and less creative proposal.

In all exercises, participants freely adopted an intermediate density level morphologi-
cal solution influenced by the recommendation of recognized experts in urban planning
and most recent literature [8,68,69] as a way to achieve a better-quality urban design. Thus,
the model was not applied and tested in morphological solutions that are in the extremes
of the BCR range, i.e., detached single family houses and high-rise buildings [70]. This is
in line with the model’s intention, since it focuses on knowledge-based developments in
peri-urban areas, where these morphological types are not desirable.

Although the model has been applied in urban design proposals of intermediate
density, we noticed how variable and diverse the morphological solutions could be for an
existing area and a real context, demonstrating the feasibility to embed qualitative guide-
lines and reaching ideal green space and density parameters, thus enabling its validation.

6. Discussion

Low-density monofunctional sprawl on urban fringes remains one of the most un-
sustainable patterns of urbanisation. Although promising proximity to green areas or
the countryside, their very proliferation threats both. They lead to the disaggregation of
urban form and landscape fragmentation, relying on private modes of transportation and
putting pressure on municipal governments to extend the reach of services [71]. This article
proposes a mixed-use spatial planning model that balances compactness, densification,
and the delivery of ecosystem services in peri-urban areas. It aims to support sustainable
and resilient development at the urban fringes associated with the establishment of new
knowledge-based areas, and to connect intra-urban areas and the hinterland [72].

Knowledge-based urban development requires space commonly found through urban
regeneration projects or in peri-urban areas. It has been shown that such developments,
besides spurring innovation and the dissemination of knowledge [73], can become new
economic and social nodes in cities. Yet, they are often seen as enclaves with a limited range
of land uses, and underdelivering on aspects of liveability and ecological connectivity. The
results revealed insights on how to address these challenges concomitantly.
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Firstly, as suggested by Artmann, Inostroza and Fan, there is a need for innovative
concepts and comprehensive planning strategies across scales for compact and green
cities [17]. This research confirms that a multi-scalar and systemic approach is necessary
to bridge the gap between compactness, densification and the provision of green spaces
in cities. Multifunctionality, argued by Hansen et al. [74] as a crucial strategy for green
space in compact cities, is acknowledged as a vital principle. This was achieved by linking
quantitative data with design science research, which allowed for the development of
solutions in which evidence-based design and real-time testing are realised throughout
the process. As models lack the complexity of reality itself, planning must ensure that
challenges are holistically addressed. The model here proposed is flexible and must be
tailored to context. Local policies and site-specific considerations ought to directly inform it.

Secondly, following the initial input of the model, design activities were crucial to
assess its effectiveness to guide the development of proposals and finetune it. On the
one hand, such an approach can enrich meaningful participatory processes [75], as a
continuous loop [67] of testing, reaching results and assessing them occurs, and, on the
other hand, addressing design quality [56]. In this process, after the model’s evaluation,
further considerations according to place-specific needs were identified. For instance,
including additional building density parameters at the block level, such as maximum
building height, to encourage compactness while providing morphological solutions at
human-scale, could be helpful. Furthermore, mixed-use parameters, such as percentage of
retail/offices or employment density, could contribute to walkability and liveability. The
definition of “Ecological corridor and park” and “Ecological corridor and productive greens
spaces” must minimise possible conflicts between vegetable growing and biodiversity
conservation (e.g., wildlife risks due to increased predation, exotic species negatively
affecting local ones, farming yields being affected by the consumption of vegetables by
wild animals, etc). Furthermore, creating a minimum percentage for local food production
could ensure that the benefits deriving from this activity are embedded into the model.
There is scope for further research into computational approaches for implementing the
block-level parameters and evolutionary algorithms to generate design options for the
maximisation of specific attributes. In addition, future activities ought to further the use
of the model as a tool for participatory design with local communities and stakeholders.
Since the model is abstract, the agreement upon it can guarantee that ecological principles
will be followed, but still leave room for the design of alternative urban forms, as shown
above in the exercises developed.

Thirdly, studies about place quality in innovation districts highlight the importance
of providing mixed uses and a variety of public open spaces designed and managed to
spur interaction, learning and networking. In such contexts, public open spaces when
“designed and programmed well ( . . . ) can be the connective tissue between people and
firms, effectively serving as the heart of a healthy and vibrant innovation ecosystem” [76].
Furthermore, dense, walkable, and highly connected urban areas encourage a collaborative
and open culture of innovation. They favour face-to-face encounters, an important aspect
for innovation sectors that often demand the exchange of complex, tacit knowledge among
their workers [77]. Recommendations have also been made for setting parameters for
zoning-related parking to reduce it to a minimum and place it in specific sites to encourage
multimodal transportation, including active mobility. The model addresses both issues.
Linear parks, either as a category in itself or as buffer strips, establish a large perimeter of
contact to mixed-use areas, enhancing connections to the urban fabric. The green spaces
inside the blocks, whether squares or POPOS, enable “third places” which are “particularly
desirable for young tech employees compelled to rent micro-units or share spaces to keep
monthly rent low” [78]. The parameter of a maximum parking area at block scale also
contributes to enlarging inner-block open spaces and encouraging active mobility when
linked to greenways for slow mobility, as defined in the model.

Fourthly, addressing climate change through urban development must include prin-
ciples of circular economy [62]. The question of the economic viability of sustainable
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solutions frequently challenges their consideration in favour of standard practices. This re-
search shows that taking a positive approach towards policy “restrictions” and regulations
and using them as guidelines for a configuration of hybrid and multifunctional spaces
unlocks a range of economically viable benefits within the frame of sustainable urban de-
velopment. Furthermore, such an approach enhances the sites’ resilience, generating uses
and functionalities that span various anthropic and natural needs. The research advances
thinking in how the choices of direct ecosystem services to be delivered and understanding
their socio-economic values can be catalysers for employing nature-based solutions. Direct
ecosystem services such as food [79] and timber [80] that can be consumed and employed
locally are just some of such viable solutions.

Finally, the research shows that a spectrum of residential and building density can be
developed in tandem with ranges of green space provision. Furthermore, we argue that,
especially in new development, the definition of green infrastructure and nature-based
solutions must be established concomitantly to the built form, indexes of density and other
land uses. The integration of GI and NBS into overarching planning processes maximises
the possibility of a balanced environment where the benefits of urbanity and those from
ecosystem services can be achieved.

7. Conclusions

Compactness, density and green space are not mutually exclusive. Green infrastruc-
ture and nature-based solutions need to be integrated into planning processes, and not
considered as separate add-ons. The spatial structure suggested by the model provides the
armature for a range of horizontal and vertical nature-based solutions of various scales to
be included into the final plan.

Aligning density gradients with the provision of selected ecosystem services can
enhance accessibility to green areas and minimize conflicts and trade-offs across potentially
competing needs, such as the integrity of ecological corridors and high anthropic use of
open spaces.

Peri-urban contexts are the very place where sprawl occurs. Such areas are normally
object of low-density development, fragmentation due to infrastructural building and the
force field where agricultural and natural land is taken. In turn, given the availability
of land and consequential larger potential to offer ecosystem services, they must be a
focus of attention. The model articulates development with the planning for enhanced
ecosystem services, bringing higher densities to the urban fringe and establishing ecological
connectivity between the consolidated urban areas and the hinterland.

Hybrid landscapes that articulate urban allotments and gardens and agroforestry with
development areas can support circular economy principles. Access to zero-kilometre
food and materials (i.e., timber) for building and furniture construction can strengthen
well-being while boosting local jobs and economic benefits for residents. In addition,
agroforestry can provide ecologically sound transitions from inner urban areas to rural
landscapes, enhancing biodiversity and supporting agricultural production.

As such, the role of design is crucial. The model is a vehicle developed from quantita-
tive and qualitative approaches to combine urban and environmental planning preoccupa-
tions and principles. It provides both urbanity and access to nature. Its application into
plans must incorporate a comprehensive analysis of the territory and its specific needs. The
transformation of the peri-urban areas as here proposed can allow for a reconfiguration of
planning from the edges, supporting more sustainable, liveable, and resilient environments.
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Abstract: Participation and citizen engagement are fundamental elements in urban regeneration
and in the deployment of nature-based solutions (NBS) to advance sustainable urban development.
Various limitations inherent to participatory processes concerning NBS for inclusive urban regenera-
tion have been addressed, and lessons have been learnt. This paper investigates participation and
urban regeneration and focuses on the development of guidelines for citizen engagement and the
co-creation of NBS in the H2020 URBiNAT project. The methodology first involves the collection
of scientific and practical input on citizen engagement from a variety of stakeholders, such as re-
searchers and practitioners, to constitute a corpus of qualitative data. This input is then systematized
into guideline categories and serves as the basis for a deeper analysis with researchers, experts, and
practitioners, both inside and outside URBiNAT, and in dialogue with other cases of participatory
NBS implementation. The results highlight an ‘ecology of knowledges’ based on a ‘living’ framework,
which aims to address the specific needs of various segments of citizens and to match citizen en-
gagement to the participatory cultures of cities. Implications and further research are also discussed,
with a special focus on the implementation of NBS. The conclusions broaden the research context to
include the refinement of the NBS approach, with participation being seen as both a means and an
end.

Keywords: guidelines; citizen engagement; co-creation; nature-based solutions; participation; urban
regeneration; living knowledge; URBiNAT

1. Introduction

The European Union (EU) has invested in research and innovation on nature-based
solutions (NBS) in order to promote sustainable urban development and contribute to an
evidence-based framework. The Horizon 2020 Programme on research and innovation
(2014–2020) included an area dedicated to societal challenges, and financed, among other
things, the implementation of innovative NBS in cities for inclusive urban regeneration,
and, in particular, the regeneration of deprived urban districts [1]. These are districts which
are often characterized by the presence of derelict infrastructure, environmental pollution,
low employment rates, and high levels of urban poverty [2,3].

NBS is still a novel concept that is under development, and it is one that offers both
challenges and opportunities [4]. As a new concept, it generates uncertainty because of a
lack of operational and technical preparedness. Yet, it also brings with it possibilities for
deploying new ways of addressing old problems, new and innovative approaches, and
practices that are more inclusive [5]. NBS have been defined as solutions that make use
of ecosystem services and nature to provide environmental, social, and economic bene-
fits [6–8]. NBS have the potential to generate benefits for citizens and other stakeholders
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in urban areas in a multifunctional way and at many different levels, from providing ser-
vices, regulating and maintaining ecological balance, and generating cultural, social, and
economic benefits. NBS can generate positive outcomes, such as cooling, heat avoidance,
opportunities for exercise, and gathering points for citizen interaction.

NBS may, however, also have negative implications, such as allergic reactions, a sense
of insecurity, or spots where rubbish is offloaded or targeted for vandalism. Implementing
and managing NBS is, therefore, a complex and difficult process [9]. A recent state-of-
the-art publication focusing on NBS in EU-funded projects points to other critical issues
regarding the transformative potential of NBS. This relates particularly to issues of social
justice, as well as to a growing body of research that suggests the potential for the exacer-
bation of inequalities and results that are incompatible with the objectives of sustainable
communities [10].

There is widespread consensus that the participation and involvement of citizens are
necessary for the planning of nature-based adaptations [8]. Citizen involvement is said to
increase fairness, relevance, acceptance, and sustainability [11–13]. Co-creation procedures
and polycentric governance, with the inclusion of a variety of stakeholders, are also seen
as more effective in the management of public assets. NBS projects are also said to benefit
from collaborative governance models, something that the EU also greatly encourages [14].

Despite a generalized agreement that citizen involvement is both necessary and
positive, empirical evidence showing that it supports NBS in ensuring a transformative and
continuous change in cities is scarce [15–17]. Xiang, Yang, and Li [18] also argue that there
is a dearth of research on what ‘features’ the regeneration projects that reflect inclusion
should have, and how urban regeneration should be implemented. The authors are
proposing a concept of ‘inclusive urban regeneration’, combining NBS with society-based
solutions. Central to this concept is the notion of effective and sustainable forms of public
participation in inclusive urban regeneration [19]. Thus, inclusive urban regeneration is a
topic that has been deemed worthy of further investigation [18].

Frantzeskaki [20] discusses several points when it comes to participation and NBS in
cities. Trust is emphasised as important in every participatory process that has to do with
policy, planning, and experimentation. Clarity, transparency, and openness are also central
to the trust-building process. Furthermore, diversity and learning from social innovation
are emphasized as central to the co-creation of NBS, and Frantzeskaki [20] also states that
an inclusive narrative can enable the integration of many urban agendas.

Furthermore, face-to-face communication has been identified as the greatest factor in
increasing the likelihood of cooperation [21,22]. The Internet and modern communication
technology have created the potential for blending the advantages of face-to-face interac-
tion with online communication [21,23]. Social media also offers benefits by delivering
synchronous and interactive communication between governments and citizens, bringing
new impetus to citizen engagement [23–26]. To achieve successful citizen engagement, it
is also important to be aware of the tools citizens use, including digital tools. In general,
people marginalized by income and education more often depend on a smartphone than a
PC for Internet access [27].

The European Commission report on the state of the EU-funded NBS projects also
raises critical issues concerning participation and inclusion [10]. It warns of the limitations
of co-design and co-production processes, such as in the case of participatory methods that
are exploitative and that legitimize solutions that provide little contribution to the needs
and ambitions of the communities [10].

To summarize the discussion so far, participation and citizen engagement are per-
ceived as elements that are fundamental to urban regeneration and to the deployment of
NBS for the advancement of sustainable urban development. When it comes to partici-
pation and NBS in cities, some ideas have been suggested (e.g., [20]). There is, however,
a lack of evidence on how to arrive at successful citizen engagement, given the various
limitations of the participatory processes using NBS for inclusive urban regeneration that
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have been looked at [10]. All in all, there is a scarcity of research on participation and
citizen engagement concerning NBS and urban regeneration [8].

The approach taken in Horizon 2020 holds that solutions based on nature can re-
generate disadvantaged neighbourhoods, for example, by reducing urban violence and
social tensions through better social cohesion [1]. It also promotes the adoption of a project
model in which cities are given a role in order to enable them to facilitate the rapid explo-
ration, replication, and scaling up of solutions. Moreover, solutions could benefit from
being co-designed, co-developed, and co-implemented in a transdisciplinary multistake-
holder participatory context, involving a variety of stakeholders, such as residents, local
authorities, community groups, companies, academics, and local communities [1].

Participation is, therefore, a critical and challenging research and policy agenda for
the European Commission within the framework of EU-funded NBS projects [10], of
which many have been launched since 2016. These projects have been contributing to the
knowledge production around citizen engagement and the co-creation of NBS in different
contexts, and have been both theoretical and practical, taking the form of research as
well as the development of different tools, such as handbooks (e.g., [28]) and knowledge
platforms (e.g., [29]). Moreover, the European Commission has been promoting clustering
activities to maximize the impact of the Horizon 2020 and Horizon Europe programmes,
bringing together EU-funded NBS projects by means of task forces in order to explore the
development of joint guidelines on the co-creation of NBS [30].

This paper investigates the development of guidelines for citizen engagement and
the co-creation of NBS in the URBiNAT project. It looks at the ‘ecology of knowledges’, as
termed by Boaventura de Sousa Santos [31,32], that has been emerging inside and outside
the project, and works towards the creation of a ‘living’ framework. This ‘living’ framework
will be used to address citizen engagement and NBS co-creation on the basis of local and
specific priorities, contexts, and challenges, thereby ensuring that the specific needs of
the various segments of citizens are addressed, and matching citizen engagement to the
participatory cultures of cities. In this regard, as developed by Ferreira in conceptualiz-
ing URBiNAT methodology to map local participatory cultures, it is not only about the
formal participation of citizens in urban governance, but also about the participation of
citizens in other kinds of collective initiatives, in a diversity of formats, both physical and
digital [33,34]. It is important to understand how participation works locally, as well as
to assess the challenges and opportunities involved in the engagement of citizens and
stakeholders as a baseline for public liveability in neighbourhoods and the design of par-
ticipatory processes [35]. Identification of the conditions needed for active, positive, and
ethically sound participation paves the way for new experiments with different features
and effects, as well as for finding specific anchors in the social fabric and its institutions.

URBiNAT is a project funded within the Horizon 2020 programme, centring on
innovative NBS in cities for inclusive urban regeneration. Its acronym stands for ‘URBan
Inclusive and Innovative NATure’. The five-year project (2018–2023) focuses on the urban
regeneration of deprived city neighbourhoods through the co-creation of healthy corridors
made up of a combination of NBS. Central to the project is the co-creation of NBS within and
between different neighbourhoods, working together with citizens and other stakeholders.
Having the physical, mental, and social well-being of citizens as its main goal, URBiNAT
aims to co-diagnose, co-design, co-implement, and co-evaluate healthy corridors in the
form of innovative and flexible NBS, integrating several ‘micro NBS’. Healthy corridors are
being co-created in the European cities of Nantes (France), Porto (Portugal), Sofia (Bulgaria),
Siena (Italy), Nova Gorica (Slovenia), Brussels (Belgium), and Høje-Taastrup (Denmark).
Moreover, through its Community of Practice, which includes non-EU observers, work
carried out in URBiNAT is also being followed in Iran, Brazil, China, Oman, Japan, and
Cyprus [36].

The URBiNAT consortium is coordinated by the Centre for Social Studies of the
University of Coimbra (CES-UC), based in Portugal. The CES-UC is a scientific institution
focused on research and advanced training in the social sciences and humanities, through
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an inter- and transdisciplinary approach, and with a particular focus on the North–South
and South–North dialogues [37]. This reinforces how the URBiNAT Community of Practice
incorporates social sciences together with the diversity of its consortium partners to better
understand and contextualize the development of solutions, given that the involvement of
the social science and humanities disciplines in dialogue with other disciplines is required
to adequately deal with complex societal challenges, thus fostering social innovation [1].

URBiNAT is of special relevance and interest in the context of the present study for
three main reasons. The first reason is tied to the novel approach of URBiNAT to NBS, with
its focus on four types of NBS: Territorial NBS, Technological NBS, Social and Solidarity
Economy NBS, and Participatory NBS, with a particular focus on the inclusion of the last
two. The inclusion of Participatory NBS as a category of NBS in its own right is based on
the assumption made in URBiNAT that participatory activities create various benefits for
citizens and other stakeholders, improve collaboration within communities, and empower
individuals in the decision-making process. Participatory NBS are seen as both a means (to
develop the co-creation process) and an end (helping to activate citizenship) [33].

Secondly, URBiNAT is of interest because extensive work has been carried out on
exploring and identifying the categories of the significant factors impacting citizen en-
gagement in urban regeneration and the co-creation of NBS, leading to the development
of guidelines. Thirdly, URBiNAT is relevant and interesting in the context of the present
study because of its focus on deprived urban districts, where the need for inclusive urban
regeneration is especially acute [1], and where participation and co-creation come with
certain hurdles. The NBS developed in URBiNAT address local issues in deprived urban
areas, such as poverty and unemployment, problems with health, crime and vandalism, cul-
tural differences and conflicts, and low-quality housing and infrastructure [38]. URBiNAT
has been focusing on the specificities of these neighbourhoods, with reference to ethics
requirements and a rights-based approach [33,39].

This paper is structured in the following way: the next section, ‘Materials and Meth-
ods’, describes how the guidelines for citizen engagement and NBS have been developed.
The results are then presented as an overview of the guidelines around key categories, and
how they add value as a ‘living’ framework, namely, concerning the emergence of learning
points for the co-creation of NBS. Subsequently, in the ‘Discussion’ section, the results are
evaluated in relation to previous research, and implications and further research are consid-
ered. A particular focus is given to the development of the understanding of the different
dimensions for designing and implementing NBS, especially in times of COVID-19, and to
addressing issues of exclusion. Lastly, in ‘Conclusions’, the research context of the NBS
approach is widened, with participation being looked at as both a means and an end.

2. Materials and Methods

2.1. Initial Input on Citizen Engagement

URBiNAT sees inclusive urban regeneration as a process that goes beyond the usual
practice of urban planning, working within a collaborative framework to bring together
many different stakeholders, including citizens, municipal officials and public servants,
researchers, practitioners, local partners, and other stakeholders. As a result, it comprises a
diversity of sectors, both public and private, as well as a third sector that includes public ser-
vices, local businesses, social enterprises, voluntary organisations, grassroots movements,
collective initiatives, and local civil society [33]. To go beyond the ‘usual suspects’ in urban
planning (i.e., those individuals, groups, and associations/organizations who always par-
ticipate, and who are more engaged in terms of availability and professional/disciplinary
skills) means to fundamentally focus on the engagement of the widest possible range of
citizens, at all stages of the co-creation process, to identify assets, needs, challenges, op-
portunities, and ambitions. This is conducted in order to design and implement solutions
provided by citizens, encouraging them to take ownership, and then monitoring the results
and impacts of their actions.
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URBiNAT promotes a type of regeneration in which participation is fundamentally
valuable as a process in its own right. The aim is to activate citizenship, in the sense
of empowering people within their own demo-diversity or within different democratic
models and practices [40], enabling them to choose solutions more adjusted to their diverse
interests, agendas, and needs [33]. Participation is regarded both as a means of achieving
the objectives of co-creating solutions, and as an end in an ongoing process based on the
development of the participants’ capacities to engage in collective initiatives and expand
their role as active citizens [33].

At the heart of inclusive and innovative urban regeneration, participation is included
in the URBiNAT NBS catalogue in the form of Participatory NBS [41]. The URBiNAT
catalogue challenges the conventional definitions of NBS with the integration of solutions
inspired by nature, such as Territorial and Technological solutions, comprising products and
infrastructures, together with Participatory solutions and Social and Solidarity Economy
solutions, comprising processes and services [42]. Material and immaterial solutions are
presented together in the URBiNAT NBS catalogue, with the aim of balancing their position
in the public space and pushing forward the perception that material solutions do not
produce urban regeneration without immaterial solutions [33,43]. It is also a symbolic
statement and a reminder to attribute the same relevance to both in terms of investments
in time, energy, and budget [33].

If Xiang, Yang, and Li are proposing a concept of ‘inclusive urban regeneration’, com-
bining NBS with society-based solutions [18], URBiNAT, in turn, inserts participation and
the social and solidarity economy into the framework of NBS in search of societal harmony
with nature. Conceptualizing participation as NBS gives it visibility as a fundamental
natural solution to the reintegration of nature in the public sphere and space by overcoming
the artificial separation of humans and nature [44]. The social and solidarity economy is
one of the pillars of the URBiNAT approach to urban regeneration and the identification of
new partnerships and forms of financing, as well as to the introduction of the innovation
cycle in order to generate new products in response to concrete social problems [45]. It
also requires an understanding and uptake of the meanings and opportunities of solidarity
networks as a new way of producing, consuming, and living in which solidarity is at the
heart of life, promoting development that is ecologically sustainable, socially just, and
economically viable [46].

Citizen engagement and the community-driven processes implemented within the
project are aimed at both contributing to the enablement of solutions for the design of the
urban fabric, as well as constituting, in themselves, solutions that aim for social cohesion,
as defined by Manca [47]. Participatory NBS are solutions that contribute to the fostering
of social cohesion, being related to connectedness and solidarity among groups in society.
They are also social processes designed to enable social cohesion that, in turn, makes
room for the plurality of citizenship. Moreover, co-creation in URBiNAT embodies a
strategic participatory approach aimed at tackling inequality, socioeconomic disparities,
and fractures in society. The same approach applies to Social and Solidarity Economy
solutions.

The URBiNAT NBS catalogue is based on an initial collection of several NBS, in
accordance with the knowledge, expertise, and research carried out by URBiNAT partners.
The first version of the catalogue was compiled during the project proposal phase but has
since evolved from the launch of the project and throughout the co-creation process. It
constituted an initial input and inspiration for co-creation with citizens and stakeholders,
and it currently constitutes a ‘living’ NBS catalogue that has grown, is growing, and will
continue to grow during the implementation of the project [44]. Being ‘living’ is an essential
characteristic of the URBiNAT NBS catalogue as it needs to be flexible and adaptable to
the different features of local physical and sociocultural contexts, as well as to the needs
and wishes of citizens, including the solutions proposed by them [44]. The URBiNAT
NBS catalogue is, therefore, subject to ongoing review in order to take account of the
developments in the field. The results of the co-creation process, from the engagement to
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the co-design, co-implementation, and co-monitoring are evaluated, as they depend on
learning and feedback activities so that improvements can be implemented [44].

In the first few months of the project, URBiNAT partners brought together different
perspectives, expertise, and experiences in the academic, technical, and political fields
to establish the theoretical and methodological foundations of the project, including in
the area of citizen engagement. The partners, members of URBiNAT advisory boards, as
well as other researchers and practitioners, were invited to participate in their specific
areas of expertise in a set of webinars centring on the topics that shape the main pillars of
the URBiNAT approach to urban regeneration. The webinars were followed by written
contributions from speakers, reflecting their views and taking into account the discussions
following their presentations. They were also asked to include guidelines in their written
contributions to support the finetuning of a reference and methodology framework to
guide the community-driven processes in URBiNAT.

Contributions on citizen engagement focused on: the relationship between citizenship
rights and inclusive, active, and culturally diverse participation in processes of urban
regeneration; participation in the practice of cities, contextualized within the framework
of their urban governance; co-creation processes, platforms, and tools to support them,
and the role of co-creation versus co-production; the participation of the private and third
sectors in the lifetime of NBS; and the monitoring and evaluation of the participatory and
co-creative processes [48].

2.2. Systematization into Categories of Significant Factors Impacting Citizen Engagement

On the basis of these initial written contributions on citizen engagement, the mem-
bers of the URBiNAT working group on participation have been further exploring the
combinations of expertise of the consortium partners, which constitute an initial corpus of
qualitative data, through a two-step process [33].

The first step consisted of extracting and organizing guidelines into categories for
participation in urban regeneration processes as a qualitative data analysis in order to
explore meanings, both manifest and latent [49]. The contents and contributors were
referenced in each category. In methodological terms, within the framework of the Step
1 (extract and organize) codification processes [50,51], a process of continuous inductive
reconfiguration took place upon analysis of the contributions on citizen engagement. The
objective of the analysis performed was to map the patterns and characteristics common
to various types of content produced by diverse actors (practitioners, researchers, and
municipal staff), where participation is the subject of specific practices, projects, and
policies.

This resulted in the identification of the strategic and operational dimensions of the
guidelines, which were grouped into twenty initial categories: Citizenship rights; Innova-
tion cycle; Regulation; Governance; Inclusion; Trust; Co-production; Cultural Mapping;
Behavioural changes; Intensity and levels of participation; Communication and interaction;
Facilitation; Transparency; Quality of deliberation; Where; When; Supportive methodolo-
gies and techniques; Integration of the results of participatory processes; Private sector;
and Monitoring and evaluation. On the basis of the results of the inductive analysis, a
review was carried out in the second step. It consisted of reviewing and aggregating the
guidelines by identifying and elaborating on the overlaps and contradictions, as well as
identifying missing elements and raising additional aspects to be further explored in some
of the categories. It also resulted in the addition of the category: Risk assessment and
mitigation measures.

Step 2 also reviewed the inclusion of ethics as a requirement of the research and
participatory activities involving people, and the human rights and gender considerations
as cross-cutting dimensions of the project. Both the ethics requirement and the human
rights and gender considerations—cross-cutting dimensions in URBiNAT—underpin citi-
zen engagement and the co-creation of NBS, which can contribute to tackling a complex
combination of societal challenges in the context of urban regeneration [33,39]. Indeed, a
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multiplicity of cultural and socioeconomic aspects are present in the URBiNAT neighbour-
hoods, including vulnerable individuals and groups. These are identified throughout the
co-creation process, so that the participatory activities can make use of strategies tailored
to the specificities of people and groups, as referred to in the URBiNAT Code of Ethics and
Conduct [33,52].

In its principle guidelines on ethics, URBiNAT defined specificities according to child-
hood, gender (including gender minorities/diversity), older adults, race and ethnicity,
functional diversity, citizenship status (migrant/refugee/asylum-seeker conditions), and
religious diversity [52]. URBiNAT has also established a framework for a rights-based
approach on the basis of the preliminary guiding principles, with special attention to
gender analysis, to be integrated into all phases of the project activities. These range
from planning, formulation, and implementation all the way to assessment [39,53,54].
The URBiNAT framework for a rights-based approach comprises the following guiding
principles: (i) People as citizens; (ii) Full citizenship; (iii) Applying all rights; (iv) Participa-
tion and access to the decision-making process; (v) Nondiscrimination and equal access;
(vi) Inclusivity; (vii) Accountability; (viii) Transparency and access to information; and
(ix) ‘do no harm’ [39,54]. The URBiNAT ethical code of conduct for the communication
and dissemination of activities mirrors these principles [55].

In the systematization of the significant factors impacting citizen engagement and the
corresponding development of guidelines, the URBiNAT working group on participation
has not created specific categories with regard to ethical or human rights and gender issues.
Instead, it has introduced references to ethics requirements and a rights-based approach
throughout the guideline categories, in line with the URBiNAT cross-cutting approach to
making these issues integral to the project. In practical terms, the cross-cutting dimensions
are theoretical lenses, guiding principles, and methodological frameworks to be adopted
by URBiNAT partners and stakeholders for all activities, and across all work packages [39].

2.3. Sharing and Learning with Practitioners from the Field, Inside and Outside URBiNAT,
towards Living Knowledge

In addition to being based on the experiences of the diverse partners that make up its
consortium, the methodological and practical developments achieved by URBiNAT are
advanced by the sharing of best practices and knowledge, particularly relative to URBiNAT
cities and their specific situations. The analysis, carried out as an internal exercise relative
to Steps 1 and 2, was followed by a broadening dialogue in order to enrich the gathering of
input and the feeding and reframing of the categories and the related guidelines. It served
as a basis for a deeper analysis with researchers, experts, and practitioners in the field of
participation, both inside and outside URBiNAT.

This dialogue began on the occasion of an external workshop conducted by the
URBiNAT working group on participation during the Open Living Lab Days (OLLD) in
September 2019, organized by the European Network of Living Labs (ENoLL) in Thessa-
loniki (Greece). The OLLD is an annual event that brings together the global Living Lab
community, made up of public officials, companies, entrepreneurs, academics, living lab
representatives, and innovators [56]. The participants of the workshop were asked through
an online polling tool (Mentimeter) to rank the URBiNAT categories. This first prioritiza-
tion enabled the URBiNAT working group on participation to direct the discussion and
developments of the review to specific categories, as these were the most critical aspects of
citizen engagement in different contexts.

Subsequently, the URBiNAT working group on participation shared the categories
that are based on the guidelines and its ranking, which emerged from the workshop
held at the OLLD in a series of three internal interactive sessions/online meetings by
means of discussion, experience sharing, and feedback. The invited participants have
deep knowledge and sound expertise gained from citizen participation in the intervention
areas of the project, as they are either employees of the municipality, or of the agency in
charge of the management of social housing, or they work for nonprofit organisations.
The following questions framed the discussions: What is missing? What is most relevant
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to your practice? Why? For what kind of situation? For what kind of people? How is
it useful? How does it relate to your city? What are the main challenges you experience
concerning these categories? What best practice could you share? This exchange resulted
in support for the refinement of categories, including the addition of four more categories:
Ownership; Culture of participation; Why participation; Mediation.

Moreover, if the experiences of URBiNAT cities can inspire each other through net-
working and training, other means are also being explored for further inspiration through
both large and small participatory cases. Since January 2020, the leader of the URBiNAT
working group on participation has been promoting internal exchanges around interesting
participatory cases, both from URBiNAT cities as well as from additional examples from
other cities, where citizens take an active role in making their city or district a better place
to live. The samples were chosen on the basis of their successfully achieving a broad and
diverse engagement of citizens and stakeholders in NBS co-creation, and their relevance
for deprived neighbourhoods in cities. Furthermore, cases were selected that fit into the
four categories of NBS used within URBiNAT. For URBiNAT and professionals working
with citizen engagement, it is an interesting study into what can be achieved when citizens
and other stakeholders work together to create new opportunities and a better future for
their community.

More specifically, the good practice study of citizen participation, based on already es-
tablished NBS solutions, includes the mapping of more than 100 examples of best practices
that all have the potential to create positive results in deprived neighbourhoods. These
examples were presented on the URBiNAT online work platform in a blog that provides the
URBiNAT community with the opportunity to comment and reflect. From the discussion
promoted internally on the URBiNAT online work platform, several preliminary learning
points are emerging that can be linked to the guideline categories for citizen engagement.

Finally, the URBiNAT project has joined the framework of the European Commission’s
clustering activities to maximize the impact of the Horizon 2020 and Horizon Europe pro-
grammes, and, since 2020, has been leading a task force on co-creation and co-governance
(Task Force 6), engaging EU-funded NBS projects launched since 2016. With the support of
NetworkNature, one of the aims of this task force is to co-develop joint guidelines on the
co-creation and co-governance of NBS [30].

The collective and participatory pathway to knowledge production is described in the
section of ‘Materials and Methods’ that accounts for the development of living knowledge,
which emerges from an ecology of knowledges both inside and outside URBiNAT’s con-
sortium, supported by a qualitative focus [32]. The ecology of knowledges promotes the
active coexistence of knowledges with the assumption that all of them, including scientific
knowledge and the knowledge of other practitioners, can be enriched through dialogue.
Consequently, this process is not only a means to, but also an end for engaging different
actors, knowledges, and experiences.

The ecology of knowledges is tied to the intercultural translation of the diversity of
knowledges that emerges from sharing and learning [32]. If the ecology of knowledges
identifies the main bodies of knowledge that might highlight important dimensions, it
must be completed by an intercultural translation, which is aimed at enhancing reciprocal
intelligibility without dissolving identity. In practical terms, this means identifying comple-
mentarities and contradictions, common grounds and alternative visions, and developing
new hybrid forms of cultural understanding and intercommunication [32,57], as living
knowledge to be further developed with citizens and other stakeholders, including the
NBS concept itself.

3. Results

The following subsections start with an overview of the 25 guideline categories that
emerged from the systematization and review. This framework addresses participation in
urban regeneration, particularly with regard to NBS co-creation projects, such as URBiNAT.
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It highlights the significant factors impacting citizen engagement—the core leverages/key
ingredients for successful citizen engagement.

Secondly, we elaborate on the relevance and added value of a ‘living’ framework
of guidelines for citizen engagement and the co-creation of NBS, based on sharing and
learning with practitioners from the field, which reveals a variety of priorities according to
the situation and the diversity of practitioners. This process of sharing and learning also
reveals the need to combine and tailor the categories of the guidelines to ensure that the
specific needs of the various segments of citizens are addressed, and to match the activities
of citizen engagement to the participatory cultures of cities.

Thirdly, we have analysed the participatory implementations of NBS with relevance
to deprived areas and have integrated the core leverages for citizen engagement with the
learning points that emerged. This reveals that sharing and learning from different contexts
may inspire further developments of the categories and the corresponding guidelines,
such as those concerning challenges, lessons learned, and best practices. This is also in
line with the aim of the clustering activities with other EU-funded NBS projects, as the
research, testing, and validation of URBiNAT guidelines will continue within the task force
dedicated to co-creation and governance.

3.1. Overview of Guideline Categories for Citizen Engagement

Table 1 gives an overview of the initial URBiNAT framework, which addresses partici-
pation in the processes of urban regeneration. This framework highlights the significant
factors impacting citizen engagement—the core leverages/key ingredients for successful
citizen engagement—as well as the interrelations between them. Further details are given
in Table A1 of Appendix A, which includes the combination of a strategic overview with
operational details, and more information on practice-related impacts. The guideline cate-
gories that emerged from the systematization and two-stage review process are marked
in light grey in the case of Step 1—extracting and organizing—and in medium grey for
Step 2—reviewing and aggregating. The additional categories resulting from sharing and
learning with practitioners from the field are in dark grey. The details presented in Table A1
of Appendix A arose from an analysis of the results of both the systematization and the
two-stage review process, and the sharing and learning with practitioners from the field,
both inside and outside URBiNAT.

Table 1. Overview of the initial URBiNAT framework on guideline categories addressing core leverages for successful
citizen engagement in the co-creation of nature-based solutions (NBS).

Categories of Guideline 1 Prioritization 2 Overview of the Categories Impact of Other Categories

Communication and
interaction 1 Communicating specificities for interacting

with citizens. Trust

Behavioural changes 2
Instigating behavioural adjustments, or

changes in behaviour, in some particular
respect.

Communication and
interaction

Trust 3
Improving or creating relationships of trust
between citizens, and between citizens and

city staff, politicians, and other agents.

Transparency, Inclusion,
Communication and

interaction, Governance

Co-production 4

Stimulating and improving the
co-production of public services,

participatory processes, and product
development.

Trust and Behavioural change

Inclusion 5 Having specific guidelines to guarantee the
inclusion of diversity.

Citizenship rights,
Governance, Transparency,

Regulation

Regulation 5
Clarifying rules and regulations for equal

rights in the expression of visions and
priorities.

Governance, Transparency,
Trust

271



Sustainability 2021, 13, 13378

Table 1. Cont.

Categories of Guideline 1 Prioritization 2 Overview of the Categories Impact of Other Categories

Governance 6 Balancing interactions among citizens, city
staff, politicians, and other agents.

Trust, Transparency, Culture
of participation

Innovation cycle 7
Adopting processes of rupture and searching
for alternative solutions in order to address

concrete social problems.
Citizenship rights

Transparency 8 Arguments for encouraging efforts to act in a
transparent manner.

Trust, Governance, Why
participation, Monitoring and

evaluation

Intensity and levels of
participation 8

Setting different approaches and levels of
participation depending on the goals and

real conditions for participation.
Culture of participation

Citizenship rights 9

Broadening the meaning of the appropriation
of social, urban, political, and cultural rights,
both internally in the collective imagination,
and externally in rejuvenated relationships

with local powers.

Inclusion

Cultural mapping 10
Articulating and making visible the

multilayered cultural assets, aspects, and
meanings of a place.

Inclusion, Innovation cycle,
Supportive methodologies

and techniques

Facilitation -
Having specific guidelines to address

facilitation that include other participatory
guidelines.

Supportive methodologies
and techniques

Quality of deliberation - Setting a meaningful deliberation process. Regulation, Governance,
Citizenship rights, Facilitation

Where - Having guidelines for the spaces in which
the participatory events are held.

Communication and
interaction, Facilitation

When - Identifying the best moment for the
participatory events.

Communication and
interaction, Facilitation

Supportive methodologies
and techniques - Using specific methodologies and guidelines

to support mobilization and inclusivity.

Communication and
interaction, Facilitation,

Cultural mapping

Integration of the results of
participatory processes - Enlarging the scope of co-creation to validate

the ideas developed.

Communication and
interaction, Facilitation,

Supportive methodologies
and techniques

Private sector -
Mapping the relevant private sector actors

with interests in, and input to, the NBS
targeted area.

Co-production, Innovation
cycle

Monitoring and evaluation - Addressing the monitoring and evaluation of
the participatory processes. Transparency, Ownership

Risk assessment and
mitigation measures -

Identifying the factors influencing the
co-creation processes, as well as those

leading to the failure of co-creation and
co-production.

Monitoring and evaluation,
Transparency

Ownership - Citizens having ownership of both problems
and solutions.

Trust, Communication and
interaction

Culture of participation - Enabling regular interaction with citizens,
and increasing the culture of participation.

Governance, Intensity and
levels of participation

Why - Being clear as to why we need to engage
citizens and support participatory processes.

Transparency, Intensity and
levels of participation

Mediation - Dialogue and collaboration. Communication and
interaction, Trust, Facilitation

1 Categories that emerged from both the systematization and two-stage review process of URBiNAT guidelines for citizen engagement,
and the sharing and learning with practitioners from the field in URBiNAT cities: categories that emerged from Step 1 of systematization
(extract and organize) are in light grey; those from Step 2 (review and aggregate) are in medium grey; additional categories that resulted
from sharing and learning are in dark grey. 2 Prioritization of guideline categories by members of the global Living Lab community,
in which the 10 most critical aspects of citizen engagement are ranked. This was the result of an external workshop conducted by the
URBiNAT working group on participation during the Open Living Lab Days in September 2019, organized by the European Network of
Open Living Labs (ENoLL) in Thessaloniki (Greece).
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Moreover, the right-hand columns in Table 1 below, and Table A1 of Appendix A,
account for the practice-related impacts in the sense of interdependent categories. They
highlight a greater focus on a specific category or specific categories while not excluding
the others, whose relevance and connection depend on the practical context and stage of
citizen engagement. Further practical-related impacts can emerge and complement this
initial framework as living knowledge.

Prior to conducting an interactive review with practitioners from the field in URBiNAT
cities, a workshop was held with members of the global Living Lab community—practitioners
from outside the project. This resulted in the 10 most critical aspects of citizen engagement,
in the form of guideline categories and ranked in order of priority, as shown in the second
column of Table 1:

• At the top of the ranking are: (1) Communication and interaction (16% of participants
suggested this category), (2) Behavioural changes (14%), and (3) Trust (12%);

• In the intermediate position are: (4) Co-production (10%), (5) Inclusion (9%), as well
as visions and priorities, i.e., Regulation (9%), and (6) Governance (8%);

• The lowest ranking categories include: (7) Innovation cycle (6%), (8) Transparency
(5%), as well as the levels and conditions of participation, i.e., Intensity and levels of
participation (5%), (9) Citizenship rights (4%), and (10) Cultural mapping (2%);

• Categories not scored/prioritized by participants include: Facilitation, Quality of
deliberation, Where, When, Supportive methodologies and techniques, Integration of
the results of participatory processes, Private sector, and Monitoring and evaluation.

This initial framework of 25 guideline categories continues to be used as a basis for
deeper analysis within the project, alongside researchers, experts, and practitioners in the
field of participation, both inside and outside URBiNAT, such as in the cases of clustering
activities with other EU-funded NBS projects and other participatory cases.

3.2. Relevance and Added Value of ‘Living’ Guidelines for Citizen Engagement and NBS
Co-Creation

Beyond the addition of more categories (Ownership, Culture of participation, Why par-
ticipation, Mediation), sharing and learning with practitioners from the field in URBiNAT
intervention areas resulted in a feeding into and a reframing of the categories and their
guidelines on the basis of the following questions: (i) What—what is missing and what
is most relevant, including challenges and best practices? (ii) Why—the reasons behind
what, related to types of situations and people; (iii) How—how it is useful and related to
the specific context of cities?

During the internal interactive sessions, these practitioners confirmed the importance
of the categories at the top of the ranking made by members of the Living Lab community,
and they also highlighted that some are more critical to their specific local context. This
is the case of Communication and interaction, as even though all interaction is digital
now, what works is very local and hands-on (e.g., circulating sheets of paper and putting
up posters is more appropriate than digital tools in some contexts, or the use of digital
tools/social media, such as Facebook and WhatsApp, is limited to the incentivizing of doing
stuff together) [23]. Moreover, beyond confirming that all categories are interconnected
in the engagement of citizens, the practitioners from the field in the URBiNAT cities also
indicated that some of the categories are more specifically intertwined, which may also
correspond to local specificities, such as in the case of Transparency and Trust.

Some of the categories may not have been prioritised because they can be characterised
as subsets of other more comprehensive guideline categories. As such, Facilitation, and
Quality of deliberation can be seen as subsets of the more comprehensive Communication
and interaction. This is also perhaps the case for Supportive methodologies and techniques.
The Where and When are relevant for certain specific NBS projects, where the timing
and location of the engagement process are particularly important. The Integration of
participatory process results and Monitoring and evaluation concern the reflections on what
needed to improve. Perhaps practitioners, in particular, are focusing on guideline categories
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that activate citizens and less on the overall impact. Furthermore, NBS development is
primarily seen, rightly or wrongly, as a co-creation task between city administrators and
citizens. However, many examples have shown that, when these two groups are joined
by the private sector and associations, significant value can be added to the process and
outcomes.

Another important contribution from the interactive review with practitioners in the
URBiNAT cities relates to how guideline categories can be combined and tailored to address
the specific needs of the various segments of citizens, with the aim of bringing people
together. While certain categories are at the core of citizen engagement, others represent
methods/tools/ways of improving citizen engagement, and still others take the form of the
preconditions/elementary conditions that enable citizen engagement. This is illustrated
in Figure 1 below, which shows the interconnections and ties between the categories of
guidelines. However, this also means that general guidelines cannot be applied to citizen
groups with different needs, for whom certain elementary conditions are not met.

 
Figure 1. Interconnecting and organizing categories of guidelines to address the specific needs of the various segments of
citizens.

As pointed out by practitioners in the URBiNAT cities, the local application of guide-
lines needs to be organized in accordance with specific challenges, namely, with reaching
specific segments of citizens and keeping engagement simple and close to people’s daily
lives. This is all the more relevant in the case of NBS co-creation for deciding where and
how to conduct specific interventions. Examples include the diagnosis and identifica-
tion of problems, going beyond the sole intervention of the public sector or the focus on
bureaucratic aspects.

Further research is therefore needed to deepen the categorization of the guidelines and
to understand the timing and contexts involved in their application. This is particularly
pertinent relative to the participatory cultures of cities and their specific challenges. The
tailoring of participatory methods is informed by the local culture of participation, i.e., how
participation works locally, by understanding and identifying the potential participants in
co-creation, and by being able to assess the challenges and, especially, the opportunities for
the engagement of citizens and stakeholders [33,35]. These specificities cannot be captured
in a generic consultation, such as the one conducted with members of the Living Lab
community through the ranking of the 10 most critical aspects of citizen engagement. It
would need to be informed by research work on the local culture of participation, not only
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to look at the formal participation of citizens in urban governance, but also to consider
the participation of citizens in other kinds of collective initiatives—ones that contribute to
finding specific anchors in social fabrics and institutions, paving the way to new experi-
ments with different features and effects, and which must also be included. For example,
URBiNAT has mapped the local participatory culture in order to devise community-driven
processes, which are the results of collectively designed strategies [33–35]. The research
work consists of identifying and collecting a wide variety of data and documentation, orga-
nizing workshops, holding formal and informal meetings, and conducting semistructured
interviews [33–35].

URBiNAT guideline categories offer an initial framework with which to address core
leverages for successful citizen engagement in the co-creation of NBS, in accordance with
local and specific priorities, contexts, and challenges. It is a ‘living’ framework in the
sense that it makes room for co-creation in terms of combining participatory approaches
and methods. It also constitutes a ‘living’ framework, with its categories being reviewed,
discussed, and enriched through an ongoing process of sharing and learning. Advances
will also be achieved with the help of the perspectives of citizens and other stakeholders
engaged in the URBiNAT intervention areas. During the implementation of NBS projects
based on co-creation, the engagement of citizens and stakeholders can further inform and
inspire ways and tools to trigger engagement, as these groups have direct knowledge
of the local participatory culture. In community-driven approaches, the inhabitants and
stakeholders of the intervention areas can reveal strengths, weaknesses, and gaps in
interaction that will guide the design of participatory processes, that is, the decisions on
where to invest time, energy, and resources, which would feed a sustainable co-creation
process.

Applying the lenses of the ethical requirements and human rights and gender, which
have been mainstreamed in the URBiNAT guideline categories, is of particular relevance
in this respect as it contributes to the unveiling of deep-seated inequalities that need
to be overcome. It is also helpful to the design of strategies that promote respect for
diversity, the acceptance of complexity, and improved conditions for participation [39],
which corresponds to addressing the preconditions/elementary conditions to enable citizen
engagement.

Given the research into participation and urban regeneration taking place in URBiNAT,
learning points have been emerging in dialogue with participatory cases, both inside and
outside the project, paving the way for further discussion and the development of a ‘living’
framework with which to address citizen engagement and NBS co-creation, as well as
contributing to an evidence-based framework.

3.3. Emerging Learning Points in Relation to NBS Co-Creation

Now that more than 100 participatory implementations of NBS with relevance to
deprived areas have been mapped, and the existing designs and implementations in
the URBiNAT frontrunner and follower cities have been studied, several preliminary
learning points have emerged that can be linked to the guideline categories for citizen
engagement [33,35,58] and adaptation [20]. Some examples are provided in Table A2 of
Appendix B, which reports that citizen engagement in the co-creation of NBS results in:

• NBS that are aesthetically, socially, economically, and charitably appealing to citizens
and stakeholders;

• New urban spaces where people with common interests can regularly gather and
engage;

• NBS diagnostics, design, and implementation relying on a community of stakeholders;
• Strong common projects between actors with different organisational goals as the

propellers of social innovation;
• Inclusive and multistakeholder governance as a result of a collaborative approach;
• Bridging differences through an inclusive and highly attractive narrative;
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• Effectiveness, achievements, scaling up, and replication as a result of monitoring and
evaluation.

We can identify links to a series of guideline categories in these learning points, which
make up a possible pathway to successful citizen engagement and the co-creation of NBS.
The existing designs and implementations in the URBiNAT frontrunner and follower cities
offer interesting and different participatory cases. As an example, four of these are analysed
in relation to the guideline categories:

(i) In the pre-established community garden of Gadehavegård, in Høje-Taastrup
(Denmark), a workshop was conducted as part of the URBiNAT local kick-off event, in
which huge planter boxes with flowers and berry bushes were co-created in order to
provide an instant reward to co-creators and inhabitants of the neighbourhood (Figure 2).
This NBS example is even more appealing to citizens and stakeholders, as the harvesting
of flowers, berries, and herbs at a greater scale will be made possible in the near future.
The chosen place and the setting that framed the engagement of the neighbourhood’s
inhabitants (Where) around the existing meaningful endeavour of the community garden
(Why), as a purpose for a participatory activity that integrates collective and individual
gardening knowledge (Integration of participatory process results), constituted the key
ingredients for successful citizen engagement in the NBS co-creation.

Figure 2. Planting box workshop during the URBiNAT kick-off event in the pre-established com-
munity garden of a Gadehavegård neighbourhood in Høje-Taastrup (Denmark), on 14 June 2020.
Harvesting flowers, berries, and herbs at a greater scale will be made possible in the near future.
Picture by Knud Erik Hilding-Hamann.

(ii) In Porto (Portugal), a task force made up of key stakeholders was formed to co-
ordinate and provide project governance for many experiments now being designed in
the designated social neighbourhood of Campanhã (Figure 3). The local task force initially
brought together municipal technicians, experts, and researchers, and has been opening
up to the involvement of citizens and other stakeholders throughout the engagement and
co-creation process. For deprived neighbourhoods, NBS diagnostics, design (experiments),
and implementation processes rely on and feed into Trust, co-Ownership, Governance, and
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Regulation between the members of a community of stakeholders, identified as "partici-
pants", as do the experiments themselves. Several other factors also play a role, depending
on the characteristics of the neighbourhood and the NBS.

 
Figure 3. Workshop organized by the URBiNAT local task force, on 14 July 2020, to share results and
design actions of co-created ideas for the healthy corridor of Campanhã in Porto (Portugal). The local
task force initially brought together municipal technicians, experts, and researchers, opening up to
citizens and stakeholders throughout the engagement process. Picture by Nathalie Nunes.

(iii) In Nantes (France), the co-creation of a green loop as part of the URBiNAT healthy
corridor is bringing the goals of municipal technicians more in line with those of the
inhabitants of the Nantes Nord neighbourhood (Mediation). The different participatory
activities promoted by the municipality and the local scientific partner (Intensity and levels
of participation) made use of a communication campaign (Communication and interaction),
raising interest among the inhabitants with the use of a subjective map, inviting them to
use the green loop on their own (Ownership), and mobilizing them for a walkthrough and
a co-selection workshop (Figure 4). Two walks were also organized by the municipality
around the topic of food, together with a group of hikers involved in a working group
on healthy food led by the communal centre for social action and the municipal public
health division (Behavioural change). Facilities and activities are emerging through social
innovation along a green path that connects the deprived neighbourhood with the rest of
the city (Co-production). Pre-existing citizen initiatives plug into the work and help make
it a reality (Culture of participation).

(iv) In Sofia (Bulgaria), a nonprofit organisation has successfully implemented a
solution that was included in the URBiNAT NBS catalogue as a Social and Solidarity
Economy NBS: the Bread Houses (Figure 5) [59]. The Bread Houses Network is an initiative
of the International Council for Cultural Centers Association, which creates and unites
centres for community-building, creativity, and social entrepreneurship [60]. The mission
of the Bread Houses Network is to inspire individuals and communities to develop their
creative potential and cooperate across all ages, professions, genders, special needs, and
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ethnic backgrounds (Cultural mapping) through collective bread-making, accompanying
art forms and education in ecological sustainability (Co-production) [60]. The Bread
Houses Network is supported by other actors and stakeholders (Private sector) to co-
deliver the benefits of participation (Governance) to citizens in the district of Nadezhda
(Communication and interaction).

 
Figure 4. Communication material to invite reflection and action among inhabitants about a green
loop in Nantes Nord. A workshop was organized on 14 October 2020 with local inhabitants and
associations to discuss plans and hopes for the URBiNAT healthy corridor in Nantes (France). Picture
by Tom Mackenzie.

This brief analysis of the emerging learning points reinforces the relevance of sharing
and learning from different contexts on the basis of the ‘living’ guidelines for citizen engage-
ment and NBS co-creation. It is particularly relevant in relation to the challenges, lessons
learned, and best practices, which may inspire further developments of the categories
and corresponding guidelines. These aspects constitute starting points for the inclusion
of newly developed categories of guidelines or the enhancement of these aspects in the
existing categories.

URBiNAT has been particularly involved in sharing and learning with H2020 NBS
sister projects (e.g., the online workshop organized at the Nantes Innovation Forum in
October 2020 [61,62]) and other EU-funded NBS projects within the framework of clustering
activities [30]. These exchanges around the plurality of co-creation models and strategies
adopted by EU-funded NBS projects echo the approaches of the emerging learning points.

As an illustration of an approach following a collective and participatory pathway
to knowledge production, Figure 6 presents the methodology proposed and applied in
the online workshop organized together with URBiNAT’s sister projects on “Co-creating
solutions with local citizens and stakeholders within European projects”. This co-organized
workshop was aimed at promoting co-creation for inclusive urban regeneration by show-
casing the plurality of the models and strategies of the NBS sister projects, as well as
with the purpose of fostering advances among projects by addressing their challenges,
lessons learned, and best practices. The methodology of such exchanges promotes sharing,
learning, and interaction around the examples, issues, and solutions from different projects.
These are at the core of living knowledge, which results in prioritizing and analysing critical
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issues, key findings, and recommendations. These are also at the core of the development
of URBiNAT’s ‘living’ guidelines for citizen engagement and NBS co-creation.

 
Figure 5. The URBiNAT project participated in a workshop at the Bread Houses Network in Sofia
(Bulgaria), on 26 January 2019, during a meeting of its partners. Bread-making fosters cooperation
and collective experience across cultures, professions, and ages. Picture by Rune Strunge.

 
Figure 6. Methodology proposed and applied in the online workshop organized at the Nantes Innovation Forum on
8 October 2020, “Co-creating solutions with local citizens and stakeholders within European projects”, together with
URBiNAT’s sister projects, CLEVER Cities, EdiCitNet, and proGIreg. Source: Presentation and results of the workshop [61].

The research, testing, and validation of the URBiNAT guidelines will continue to be
overseen by a task force dedicated to co-creation and governance, together with experts
and representatives from European projects working on improving and promoting citizen
engagement for the co-creation of NBS. The task force works in five workstreams covering:
(i) Why co-create and what may stand in the way; (ii) Who to involve in the process;
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(iii) How to integrate co-creation into policies and the co-governance of NBS; (iv) How to
co-create NBS, showing different pathways for the co-creation of NBS; and (v) Monitoring
and the evaluation of the co-creation of NBS.

The guidelines developed within URBiNAT as one of the European projects will be
discussed during workstream meetings and worked on further, which will enable the
advancement of a ‘living’ framework of guidelines for co-creation and citizen engagement.
Such a ‘living’ framework can take the form of a wiki-project, as an open knowledge-
building process, as well as promoting the concept of NBS co-creation to the wider audience
of stakeholders engaging in NBS development.

We have seen that learning points concerning NBS co-creation can emerge from
co-creation in the field of NBS project intervention areas, as well as inside and outside
such projects, by means of interdisciplinary and intercultural sharing and learning. This
diversity paves the way for an ecology of knowledges, based on the diversity of cultures
and knowledges and the recognition of difference, as put forward by Boaventura de Sousa
Santos [63].

4. Discussion

The guidelines, categories, and learning points that emerge from a diversity of partici-
patory cases can evidence pathways to successful citizen engagement and the co-creation
of NBS, thereby contributing to an evidence-based framework that also includes the priori-
tization and analysis of critical issues. Although great efforts have been made as part of
the URBiNAT project to make room for citizen participation in the NBS co-design process,
URBiNAT is, however, still challenged by the efficacy of its co-creation process, as much as
other EU-funded projects dedicated to NBS, particularly in relation to participation and
inclusion [64]. At the same time, these challenges constitute research opportunities to be
further explored. To this end, we have organized three main directions for discussion:
an interdisciplinary and intercultural approach to the development of NBS; rethinking
engagement, especially in times of COVID-19; and sharpening participation for inclusive
and innovative urban regeneration with NBS.

4.1. Working Interdisciplinary and Interculturally in Developing NBS

The European Commission report on the state of EU-funded NBS projects raises a
range of critical issues in relation to participatory methods, such as those mentioned in the
introduction to this paper [10]. Moreover, the analysis stresses that fundamental questions
of politics, arising with the involvement of highly diverse urban communities in the
development of NBS, are often neglected. When efforts are made to increase participation
and inclusion in the co-design and implementation of NBS, emphasis is often on minimising
conflict and reaching consensus [10,65,66]. Consequently, the limitations of the co-design
and co-production processes must be taken into consideration when it comes to fostering
new processes for participation and inclusion [10].

These do not only provide a warning of the critical issues, but also of important
considerations highlighting the needs for future research and innovation in the field of
NBS. If sufficient technical knowledge on the design of specific NBS types already exists,
there is still a need to develop the understanding of the economic, social, political, and
cultural dimensions of designing and implementing NBS, moving beyond seeing the
implementation challenge as primarily a ‘technical’ issue [67,68]. This includes revealing
the structural aspects or aspects that have been revealed in the development of NBS,
such as conflicts that arise but that are not taken on board and dealt with when a purely
technical approach to participation is used [10,65,66], as well as power imbalances relative
to marginalised voices [28], and power manifestations in multistakeholder collaborations,
including academic disciplines, experts, and social circles in civil society [69].

In the case of URBiNAT, revealing and addressing the dimensions of the design
and implementation of NBS was introduced relative to the ethics requirements and the
rights-based approach, for example, in line with a cross-cutting approach, in order to
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make these issues integral dimensions of the project [33,39]. This also consists of mapping
and analysing local participatory cultures in order to pave the way for testing a strategy
for a municipal roadmap for the healthy corridor, adjusted to the local needs, cultures,
and ambitions of each city [34,35]. The strategy of the municipal roadmap addresses the
commitment of advancing innovation in the decision-making process of each city and is
aimed at improving the quality of participation as both a means and an end [34,35].

The participatory cultures that URBiNAT builds on in each of the seven city districts
are characterised by a population of citizens, the vast majority of whom have a good
grasp of all the things that need to be improved in their neighbourhood. However, as the
literature shows, when the majority of citizens do not see hope, do not trust the authorities,
and have social and or health issues, engaging them in co-creation for the benefit of all
requires an extraordinary level of mobilisation in order to bring about an individual and
community readiness to engage in, and lead, change in the community [70]. As highlighted
by practitioners from the field in URBiNAT cities, when reviewing the URBiNAT guideline
categories, some significant factors, such as Trust and Transparency, may impact citizen
engagement to a greater extent depending on the local context. This is particularly the case
of contexts marked by distrust or a history of failure and disappointment, which require
that different mechanisms be explored [71].

Therefore, building a ‘living’ framework that addresses the core leverages for suc-
cessful citizen engagement in the co-creation of NBS requires further exploration of the
interdisciplinary and intercultural work involved. In the case of the guideline category,
Trust, it is the guideline itself that needs to be analysed, both as a means to enabling citizen
engagement (building trust and motivating despondent citizens), and as an end, resulting
in empowered participation in accordance with the local context. This involves differenti-
ating how groups of citizens, including administrators, organisational stakeholders, and
‘leaders’ are motivated and engaged, what role they can play, the level of resources they can
commit to a co-creation process, and what it will take to achieve sustained participation.

Researchers can also contribute with reflexivity to bring blind spots to the surface in
the framework of action research on the basis of, for example, the conceptual framework
of the sociology of absences and the sociology of emergences developed by Santos [72].
On the one hand, the sociology of absences contributes to identifying what has been
made invisible, devalued, or rendered nonexistent; on the other hand, the sociology of
emergences contributes to valuing the resistance of social groups and identifies in this
resistance principles and practices of governance that point to other experiences [73]. The
ecology of knowledges and intercultural translation intervene as tools for the diversity of
knowledges made visible by the sociology of absences and the sociology of emergences,
thereby reinforcing a research agenda that promotes interdisciplinary and intercultural
approaches in the development of NBS. These are, indeed, key to further developing the
guidelines for citizen engagement and NBS co-creation as living knowledge.

4.2. Rethinking Engagement, Especially in Times of COVID-19

The impact of COVID-19 on public space and urban planning and design is a press-
ing subject of research, particularly for addressing how the needs of vulnerable groups
(e.g., racial minorities, immigrants, women, older adults, children, people with functional
diversity, and the homeless) will be accounted for in the future designs, practices, and
rules for public spaces [74]. In this respect, the measurement of changes in use and the
perceptions of public spaces will be critical, especially with regard to the possibilities
they offer for socialization, recreation, claim-making, community building, and identity
formation [74].

Meanwhile, cities are coping with limitations on interaction because of the pandemic,
which affects both in-person and virtual interactions. Specific vulnerabilities have to be
taken into account in the case of social neighbourhoods and deprived areas, and these are
becoming more evident than in the past because of the COVID-19 pandemic [75,76]. These
specific vulnerabilities are the pre-existing unequal conditions of structurally vulnerable
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neighbourhoods, where morbidity and mortality may be hardest felt, as a consequence,
for example, of racial/ethnic health inequities [77]. If significant factors impacting citizen
engagement remain key, some of the issues at stake have become more critical in the
aftermath of the pandemic, in particular and most importantly, how people feel about their
current situation and their perspectives on the future, and, subsequently, how people want
to engage now, by what means, and through which channels, as well as how to rethink the
methods and tools.

In this context, URBiNAT cities gathered information and came up with a picture of
some of the aspects related to the repercussions, challenges, responses, and alternatives
that emerged from the pandemic [75]. URBiNAT cities are committed to sharing with
and learning from each other, and this effort has produced different but complementary
pictures, analyses, and perspectives for the tackling of increased and new social challenges,
which may possibly lead to common strategies embedded in solidarity.

This consultation process, in which the cities involved shared the impact of COVID-
19 with URBiNAT, confirmed that the crisis primarily highlights and amplifies existing
inequalities and increases the vulnerability of large sections of the populations of social
neighbourhoods, such as in the case of Brussels (Belgium) [78], Nantes (France) [79], and
Porto (Portugal) [80]. These increased and new challenges faced by the populations in
the URBiNAT intervention areas include economic shortages in some households, food
emergencies, the digital divide, psychological distress, and psychic suffering, to name
some of the points.

Building on lessons learned is about rethinking many aspects of life in the city. This
is a time and opportunity for cities to rethink the use and development of housing, trans-
port, and public spaces, particularly in relation to citizens in the most vulnerable condi-
tions [81], as highlighted by representatives from the URBiNAT cities of Sofia (Bulgaria),
Høje-Taastrup (Denmark), Siena (Italy), and Nova Gorica (Slovenia). It involves, for exam-
ple, working to preserve physical and mental health [82], developing a resilience to dealing
with uncertainty, and similar challenges in the future, which will differ across different
groups [83]. The renaturing of cities and the provision of healthy spaces for leisure [84]
must also be prioritized.

Most importantly, building an ‘alternative future’ begins, crucially, with the communi-
ties that control the management, care, and regeneration of green areas and other common
spaces. These could be delegated to citizens by creating collaboration agreements between
them and the administrative bodies [85]. Participatory spaces are, therefore, important
tools for asking people about their current situation and their perspectives on the future,
for sharing experiences of pain and suffering in a social setting, and for shifting from the
sphere of individual experience to that of collective processing [86]. This is increasingly
important to the understanding of the economic, social, political, and cultural dimensions
of designing and implementing NBS, both during and after the pandemic.

The limitations on interactions with citizens and stakeholders because of the current
COVID-19 crisis also require us to rethink participation by developing sustainable models
for keeping citizens engaged. The guidelines for citizen engagement and the co-creation of
NBS, based on a ‘living framework’, need to include questions on the ‘after’, how much
the participatory processes of the ‘new normal’ will have to change, and how to rethink the
participatory devices for involving inhabitants in public policies [87]. More broadly, beyond
methodologies and outreach, it also raises the need to rethink formal citizenship and to
adopt affirmative interventions as a way of reducing democratic gaps and disseminating
new forms of participation. Particular attention must be paid to supporting the most
vulnerable groups and territories [87], as these were especially susceptible to the increased
and new challenges.

4.3. Sharpening Participation for an Inclusive and Innovative Urban Regeneration with NBS

The publication on the state of the EU-funded NBS projects points to the need for
NBS initiatives to be designed and implemented with the explicit intention of addressing
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the inequalities and tensions underlying urban development, so that they can potentially
contribute to the realization of sustainable communities [10]. In the case of URBiNAT, the
challenges and responses devised in the field of the social and solidarity economy, as a
pillar of its approach to urban regeneration and inserted in the NBS framework, address
several related aspects: the problematization of the multidimensional and intersectional
causes of inequalities in the urban space; the realization of the social well-being of vul-
nerable individuals and groups through opportunities for strengthening social relations,
autonomy, and economic conditions; new models of governance aimed at community
development by influencing public policies and through the empowerment of people for
social change [34,45].

Another aim of the project is equality and equity for all, the latter being related
to the intersectional approach, which is based on the notion that specific modalities of
subordination and discrimination act in an integrated manner, as experienced by racialized
and minoritized peoples and communities [33]. In this respect, the application of ethical
requirements and a rights-based approach combine a series of principles that are complex
and challenging to implement in both theory and practice [54].

Firstly, to make these themes integral dimensions of URBiNAT involves always hav-
ing them present in the planning and development of activities. It also involves as many
partners of the consortium as possible adopting these lenses in their internal and orga-
nizational agendas, and in their analyses and perspectives on the project’s progress and
results. However, it may also require changes in the established procedures and cultures of
partners and stakeholders and their values and practices inside the deep core of hierarchies
and organizational cultures and practices [39], especially in relation to gender mainstream-
ing and intersectionality [88]. Putting into effect a rights-based framework requires an
awareness of, and an ability to manage, controversies, including complaints, and must also
take into consideration that the behaviour of project researchers, technicians, and experts
in the field, such as being accessible, responsive, and transparent, is at the heart of these
interactions [39,89,90].

Furthermore, reaching and engaging marginalized voices requires not only strategies
and methods for the inclusion of their visions and perceptions in the development of NBS,
but also the investment of time, energy, and resources to enable consistent improvement in
the quality of participation as both a means and an end. It is about inclusiveness beyond
the term of the project and looking at the deep-seated inequalities that are present when
inclusive and innovative urban regeneration projects handle a complex combination of
societal challenges that aim to contribute to the right to the city. This again has to do with
developing an understanding of the economic, social, political, and cultural dimensions
of designing and implementing NBS, and moving beyond seeing the implementation
challenge as primarily an immediate ‘technical’ issue [67,68].

5. Conclusions

This paper systematizes the efforts and results involved in the development of guide-
lines for citizen engagement in the first three years of the URBiNAT project, which have
also contributed to establishing the URBiNAT Community of Practice [36]. This includes
sharing and building on differences and highlighting core leverages for successful partici-
pation, as well as sharing visions about the results of community-driven processes. This
approach is at the core of co-creation and encourages researchers and practitioners to build
a mixed knowledge base with key stakeholders [91]. It also takes into consideration local
participatory cultures and the specificities of segments of individuals and citizens [92],
hence stimulating the scaling up of local sustainable citizen-driven initiatives.

Further research is needed to deepen the categorization of guidelines for citizen
engagement and to understand the timings and contexts for their application. This would
also contribute to improving NBS as an approach, another area in which research is
required [2,93]. Participation is considered to be both a means and an end to the shaping of
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the urban environment and promoting active citizenship and social cohesion by the means
of strategies that are collectively designed.

The need to improve NBS as an approach has emerged, enabling them to become
more comprehensive and holistic. This is particularly true in terms of social embedding
and the impacts that need to be considered so that NBS can become more than just tools,
technologies, and instruments [93]. Research on community-based and policy-based
initiatives aimed at improving sustainability and liveability, and that fosters inclusivity
and social justice, has also evidenced the transformative social impact of NBS; new social
relationships and configurations are mediated, contributing to social innovation in cities
and changing perceptions of nature and human–nature relationships in urban contexts [2].
URBiNAT, in turn, aims to enrich and complement the NBS concept with new perspectives,
such as the ones introduced with Participatory NBS and Social and Solidarity NBS, and
more ingredients, such as the ones that compose its ‘living’ framework of guidelines for
successful citizen engagement in the co-creation of NBS.

The COVID-19 pandemic has reinforced the relevance of a systemic approach with
mixed methods and multichannel systems of engagement [94], which can be important in
challenging traditional NBS by confronting them with new visions. This is not only about
targeting specific segments of the population, but also about building upon complementary
participatory processes that provide both immediate results and medium- and long-term
visions, towards complexifying the visions of all the intervening actors and going beyond
immediatism and self-referentiality [95]. For instance, the practice of participatory budgets,
which tends to encompass immediate investments and short-term perspectives [95], has
been transforming and improving with other instruments of planning and visioning [96].
This then permits a dialogue that contains strategic visions brought about through long-
term visioning exercises, a process in which a community envisions the future it wants and
makes plans for how to achieve it [97]. In rethinking many aspects of life in the city, citizen
engagement and the co-creation of NBS may contribute to a paradigm shift in society’s
relationship with nature, in line with the promotion of multisectoral and multidimensional
approaches towards healthier cities [98–100]. In the context of a ‘living’ framework, citizen
engagement constitutes a critical aspect of the development of NBS so that NBS reach
their full potential, as well as the advancement of the science and practice of NBS not only
as a scientific rethinking [101,102], but also as part of an ecology of knowledges where
participation is seen as both a means and an end.
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Abstract: Simulations of urban transformations are an effective tool for engaging citizens and enhanc-
ing their understanding of urban design outcomes. Citizens’ involvement can positively contribute to
foster resilience for mitigating the impact of climate change. Successful integration of Nature-Based
Solutions (NBS) into the urban fabric enables both the mitigation of climate hazards and positive
reactions of citizens. This paper presents two case studies in a southern district of Milan (Italy), inves-
tigating the emotional reaction of citizens to existing urban greenery and designed NBS. During the
events, the participants explored in Virtual Reality (VR) (n = 48) and Augmented Reality (AR) (n = 63)
(i) the district in its current condition and (ii) the design project of a future transformation including
NBS. The environmental exploration and the data collection took place through the exp-EIA© method,
integrated into the mobile app City Sense. The correlations between the color features of the viewed
landscape and the emotional reaction of participants showed that weighted saturation of green and
lime colors reduced the unpleasantness both in VR and AR, while the lime pixel area (%) reduced
the unpleasantness only in VR. No effects were observed on the Arousal and Sleepiness factors.
The effects show high reliability between VR and AR for some of the variables. Implications of the
method and the benefits for urban simulation and participatory processes are discussed.

Keywords: urban design; Augmented Reality; Virtual Reality; emotions; co-design; computer vision;
simulation; Environmental Psychology; colors; Nature-Based Solutions

1. Introduction

Nature-Based Solutions (NBS) are increasingly adopted in a logic of risk management,
resilience, mitigation, and adaptation to face urgent socio-economical-environmental is-
sues such as climate change, natural disasters, food and water security, biodiversity loss,
social cohesion, health [1]. NBS encompasses several eco-system-based approaches, such
as ecosystem-based adaptation, ecosystem-based disaster-risk reduction, ecosystem-based
mitigation [2,3]. With other initiatives related to the 2030 Agenda for Sustainable Develop-
ment, the systematic approach linking human wellbeing and natural systems emerge as
crucial for proper sustainable growth. Governments, businesses, and civil society show
a growing interest in such a perspective. In the NBS panorama framed by the European
Commission, interdisciplinary and systematic approaches and solutions are relevant and
should lead to a mutual and “balanced benefit for nature and society” [4] (p. 1217). This
approach towards more sustainable development can benefit from rapid technological
advancements. As highlighted by Bishop [5], in the field of landscape planning and partic-
ularly concerning environmental information, already in the past and even more today,
“computer developments have created new opportunities for the landscape researcher in
all areas of data storage, modeling and visualization” [5] (p. 112). The author continues
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stressing that it is highly probable that Augmented Reality (AR) and Virtual Reality (VR),
in conjunction with immersive modes of visualizations, will play a significant role in the
field in the next 10 years.

In this article, we explore a specific application of computer vision to deepen the
relationship between NBS and people’s emotions, with a dual aim = On the one hand, to
investigate how color tones of NBS influence the subjective emotional experience in urban
spaces, a topic that is poorly addressed in the literature so far. On the other hand, to develop
a reliability analysis on two emerging technologies (AR and VR) regarding the aforemen-
tioned relationship. The results will therefore provide new insights both in the design of
NBS as emotionally supportive environments, and in the field of urban simulation.

In detail, the article presents: (i) a literature review that relates Nature-Based Solutions
(NBS) and citizens engagement, (ii) a brief framework of AR and VR solutions for citizens’
involvement, (iii) the relationship between green solutions and their emotional effects,
(iv) the objective and methodology of the study, (v) the analysis of results, and (vi) the
outcomes discussion, the limitations of the current research, and the future work to develop.
The analytical method is part of a research project that led to developing the AR4CUP
mobile application (distributed as City Sense).

2. Literature Review

2.1. NBS and the Relevance of Citizens Engagement

The many positive effects of NBS, often highlighted in the literature, should not be con-
fused with an indistinct process of ‘biophilic washing’ that applies standardized solutions
to different urban contexts and does not consider the social, emotional, and community
dimension of the transformation processes [4,6,7]. Different biophilic design strategies have
various cost-benefit ratios and different acceptance levels [8–10]. According to the review
of 42 different design strategies carried out by Xue in collaboration with 30 experts [11],
the solutions with the best Benefit-Cost Ratio (BCR) include: ‘biophilic infrastructure’
(i.e., green space coverage ratio, plants canopy configuration), ‘sensory design’, (i.e., visual
connections with nature, green walls, and others), and ‘natural landscape promotion with
minimal management’ (i.e., green roof). Among those strategies, one of the most preferred
for investments is the ‘green space coverage ratio’, which focuses on the correct ratio
between green elements and artificial ones [12] to obtain a positive response by observers.
Indeed, according to Jiang and colleagues’ observations, the appreciation curve tends to
have an asymptotic trend, reaching the plateau around 41% density of the tree canopy,
which is consistent with the notion of balance between understanding and exploration sup-
ported by the preference matrix theory [13]. This variation in response to green distribution
shows that it is not possible to take for granted that an NBS intervention is functional and
appreciable in itself. However, positive effects of buildings, including greenery on their
façades, were observed on aesthetic, restorative, and affective dimensions [14].

Nevertheless, Wolch [15] suggests that urban green projects may create a paradox. On the
one hand, they make the city healthier both physically and mentally (see for instance [10,16]).
On the other hand, the most effective NBS interventions are usually applied to urban degraded
areas, where they often induce the increase of the real estate value fostering gentrification; as a
result, these renovated areas become economically unsustainable for the population living
there [17–19]. To avoid inducing a phenomenon of social injustice and the related conflicts
resulting from an urban intervention, some authors propose finding a ‘just green enough’
balance [20] intended as an optimal and balanced solution between the community’s
needs and the developers’ tradeoff. Wolch and colleagues [15] argue that this approach
implies the development of urban planning strategies based on the wishes and needs of the
communities involved, rather than grounding design projects on conventional solutions
focused exclusively on ecological issues. As urban greenspace has a significant impact also
on real estate values [21,22], its implementation plays a crucial role in increasing or reducing
social justice and equity [23]. Equity factors are closely related to the urban greenery
accessibility and proximity to the public [24], to the point that the spatial distribution
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of greenery can even draw social geography of inequality [24–26]. Therefore, in NBS
interventions, it is necessary to consider both the physical environmental effects and
related long-term social impacts.

In this regard, participatory processes in green areas are fundamental to prevent and
reduce conflicts between stakeholders [27]; moreover, the experience of being involved in
the decision-making process increases end-users awareness about the importance of imple-
menting and preserving the green areas [28]. Furthermore, some critical issues may emerge
in NBS processes if the citizen’s perceptual perspective is not adequately considered [29].
Indeed, various actors perceive vegetation differently [30]; in some cases, social groups
may object to tree planting since they perceive it as a potential source of indirect disser-
vices [31]. Citizens’ involvement in transformation processes generally mitigates these
types of disagreements [32]. However, traditional participatory processes may encounter
difficulties in engaging the weaker segments of the population [24,26], which implies the
need for a contextual design of the engagement strategy to favor sustainable participation
for citizens [33].

Information technologies might play an important role in such perspective, extending
the possibilities of participation [34] by overcoming some limitations of traditional methods
through digital inclusion [35], such as the difficulty of engaging many people simultaneously
or the availability of schedules for specific categories of workers [36]. The widespread use
of mobile devices and the continuous flux of information exchange led to the idea that it is
possible to describe the relationship between citizen and city as a spatialized intelligence [37].
Nevertheless, these devices should be considered as an integrative tool for more comprehen-
sive participatory processes and not as a stand-alone solution; this is particularly relevant
when dealing with specific populations affected by low digital literacy, such as older people,
which may benefit from more traditional activities (see for instance [38,39]).

2.2. Augmented and Virtual Reality as Citizens’ Engagement Solutions

Although the forms of smart participation are relatively recent, two main approaches emerge
when considering the type of information collected involving citizens: (i) the environmental-
centered approach, which uses objective data for studying the environment, e.g., by evaluating
environmental parameters through cell phone sensors; (ii) the people-centered approach, which
studies the human perceptual dimension exploring subjective data [40]. Often these solutions
make use of mobile applications: the first approach encompasses APPs dealing with the urban
environment under different meanings such as ‘environmental risk and adaptation’ [41] and
‘urban transformation modeling’ [42,43]; the second approach encompasses APPs dealing with
citizens’ perceptions, through sensory assessment (e.g., physical comfort) [40], attitudes (e.g., safety
and security) [44], or emotional assessment (e.g., environmental affective quality) [45].

After the early 2000s, VR has enriched e-participation (participation through ICT) [46];
more recently, AR has also become relevant in participatory design [47–49]. These solutions
can be exploited to visualize the design projects or their alternatives or even allow the
direct modification by the user of the 3D model components [50,51]. The three-dimensional
model visualization can directly occur on the construction site through Augmented Reality
(e.g., APPs such as City Sense; Urban CoBuilder; AR Sketchwalk; ARki) or off-site in Virtual
Reality (e.g., APPs such as City Planner Online—KALASATAMA; Virtual Singapore; 3D
Rotterdam 2.0; TYGRON). The visualization via VR and AR often happens in a subjective
perspective using photorealistic scenarios. Such representations are named ‘experiential
simulations’ since they mimic reality with an eye-level point of view. When such solutions
follow parameters ensuring representation realism and fidelity [52–55], their use in par-
ticipatory urban processes ensures that citizens’ reactions to the simulated environments
are comparable to those they would have experienced by looking at the actual environ-
ment [56]. Several studies demonstrated that observing real natural landscapes or accurate
experiential simulations of the same environment generates comparable physiological and
psychological reactions [57–61]. Among the different ways to visualize urban scenarios, VR
and AR open a crucial possibility: they can anticipate future urban transformation easy-to-
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understand, often enabling a ‘naturalistic interaction’ [62] with the environment. Indeed,
3D visualization methods are considered crucial for properly conveying spatial features of
places to laypeople, both in their current and future conditions, enabling new forms of citi-
zens engagement [63]. According to the case study presented by Edler et al. [64], one of the
main advantages of VR lies in its interactive nature, which offers the possibility of actively
exploring the modelled landscapes. Combining the possibility of freely positioning the
virtual camera, which overcomes the limitations of physical environments, and the support
offered by navigation aids (e.g., mini-maps, signifying footprints, pointer teleportation,
teleport stations), participants can access a more detailed experience of the simulated envi-
ronment in a short time than with traditional tools. Likewise, Loyola et al. [65] exploited the
natural sense of presence of immersive VR simulations to present a project of an urban park.
The authors reported a higher level of comprehension of the physical features of the design
proposal (e.g., presence of various functional areas, characteristics of urban furniture and
vegetation, relationship with the surroundings) for VR users compared to those involved
with traditional means. Similar considerations are drawn from case studies applying AR
for citizens engagement, which is considered particularly effective as its novelty increases
the willingness to participate [66] and can be fruitfully integrated in existing participatory
practices [67]. In particular, AR offers two fundamental advantages: (i) the in-situ immer-
sive experiences favor a suspension of disbelief and, therefore, ease spontaneous reactions
to visualizations [63]; (ii) the superimposition of the design project onto the physical reality
fosters the comparison between current and potential condition. Despite this, it is essential
to note that in AR the existing context is perceived in its actual conditions and not according
to the modifications induced by the urban transformation on its surroundings. Thus, the
‘semi-permanent’ urban elements (e.g., urban furniture), the ‘recursive’ ones (e.g., seasonal
or hourly cycles), and the ‘temporary conditions’ (e.g., people, cars) [54] are consistent
with the current conditions and are not affected by the designed transformation, as it can
instead happen in VR. Despite their differences, VR and AR are considered among the key
technologies to enable a smart urban greenery management, which is conceived as “the
design, establishment, monitoring, and management of urban trees and vegetation through
the use of digital technologies, for the joint purpose of improving the urban environment
and engaging all relevant stakeholders in its governance” [68] (p. 8).

2.3. Green Effects: Natural Elements and Color Clues

According to the psychological literature, natural and/or green elements are strongly
associated with positive effects [69,70]. Momentary or prolonged exposure to natural
environments was found to be related to a broad spectrum of positive psychological
states, namely stress reduction [71,72], restoration of optimal attention span [73], flow
or peak experiences [7], positive emotions increase [74,75]. Furthermore, these elements
were identified as antecedents of broader experiential, social, and performance outcomes,
including pain reduction [76,77], faster post-surgery recovery [72], better results in logic
tasks [78], decreased aggressivity [79], and increased proximity sociality [80]. Referring to
an epidemiological framework, more frequent exposure to natural environments was also
associated with better children development [81] and a lower prevalence of psychiatric
pathologies (schizophrenia and anxiety) [82,83]. These results were mainly explained
by the ability of the natural environment to attract involuntary attention [13,84] and/or
automatically reduce stress [16] due to the evolutionary bond between humans and the
natural environment as a primary source of food and shelter. According to Korpela and
colleagues [85,86], this evolutionary link is well recognized and present in people’s mental
life, as natural environments are consciously used as tools for emotional self-regulation
(environmental self-regulation hypothesis).

These beneficial effects occur in the direct presence of natural environments and also
when such environments are presented through photographs, videos, or VR [57,87–89]. Many
studies in this field are conducted in laboratories to control the intervening variables (see [70]
for a methodological summary). On the one side, the virtual scenario reduces variables and
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allows scholars to manipulate them according to the experimental goals, e.g., studying the
influence of light or weather conditions on emotional states [90]. On the other side, researches
may be focused on the simulation tools themselves; for instance, de Kort [91] showed that
immersive simulations increase the restorative effect of projected natural environments, even
though such effect is recorded only for physiological measures (HR and skin conductance)
and not for self-reported affect. The use of immersive devices, e.g., Head-Mounted Displays
(HMD), showed that exposure to natural scenarios in VR induces the same anxiety-reducing
effects as exposure to real natural environments [92], but without inducing the expected
positive attentional restoration effects [93]. Despite this, VR scenarios allowed scholars to
show that environments partially covered by vegetation are preferred to environments
wholly covered with greenery or completely open green spaces, both considering physio-
logical sensors [94] and EEG [95].

Positive green effects are also found in the absence of natural elements, as mere expo-
sure to color clues (see [96] for a review). Exposure to green color was indeed correlated to
better performances in logic [97] and creativity tasks [98], reduced perception of physical
fatigue [99], and was associated with a general feeling of calm [100], in line with the results
presented above. Green is often contrasted with red, as these are two antagonistic additive
primary colors, which is instead related to greater aggressivity, sexual attraction, and better
sports performance [101,102]. The influence of the green color was also tested by showing
a video of a route in a natural environment represented in three variants (unedited, achro-
matic, and red filter) to three groups of volunteers undergoing physical exertion; only those
who observed nature without alteration obtained a benefit in terms of performance [99].
Considering the colors’ mutual influence, Bartram and colleagues [103] used network
analysis to represent colors as a network of assessed psychological relationships, arguing
that the brightest colors do not transmit negative sensations and green tones represent a
significant cluster related to positive sensations. The lightness of neutral tones, often related
to artificial elements, seems to reduce the arousal values [100,104,105]. Applying such an
approach to architectural settings requires considering many factors, as the chromatic
composition of an urban environment is articulated and complex [106]. Thus, Manav [107]
applied a segmentation and dominant color extraction method to discretize the volunteers’
emotional answers to panoramic photos, relating color tones to emotions. It emerged that
the urban context with the more massive presence of green vegetation was identified as
the most restful. Different theoretical explanations for such green color effects appear to
be complementary. Elliot and Maier [96] hypothesized that colors might have a signal
function to maximize animal fitness, eliciting automatic psycho-physiological reactions and
orienting the individual behavior. Moreover, the green color is historically associated with
positive meanings in popular culture, particularly with fertility, hope, and renewal [98].
Consistently with such studies, Palmer and Schloss [108] argued that human preference for
specific tones is both an evolutionary effect and an association of ideas between colors and
known objects.

The studies presented in this article investigate how different color tones of NBS can
influence people’s emotional reactions towards urban areas and whether this influence
relationship is equivalent in AR and VR. To this end, a two-step analysis was carried out:

(1) Analysis of the correlations between different color tones and emotions.
(2) Reliability analysis of the detected correlations, comparing the results obtained in AR

and VR.

3. Methods

3.1. Materials

Data collection was carried out in two case studies in the Porta-Romana district
(south Milan, Italy) with a quasi-experimental design. From the eighties the city of Milan
passed from an industry-based to a service-based city; this long and relevant process
of urban renewal of unused areas, mainly former industries and railway yards, is still
undergoing [109]. The southern part of the Porta-Romana district, where the two studies
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are located, is one of these areas, and it is still under an important renovation process
that is changing the district’s identity from industrial to business-oriented. In general,
Milan, a city of the flat Po Valley, suffers from severe heatwaves in summer and flooding
in winter [110]. Despite this, no data seem to suggest a relevant effect of weather on daily
mood in such a context [111].

The two studies were conducted under different climatic conditions. Study 1 was
conducted indoors, observing panoramic photographs taken in June 2018; Study 2 was
conducted outdoors in December 2019. In Milan. According to ARPA (Richiesta dati misurati—
Meteorologia|ARPA Lombardia (2021). Available at: https://www.arpalombardia.it/Pages/
Meteorologia/Richiesta-dati-misurati.aspx, accessed on 19 November 2021) (Agenzia
Regionale per la Protezione Ambientale) data, the environmental conditions in June on
average are: temperature 24.02 ◦C, relative humidity 82.69%, rainfall 5.53 mm, wind speed
1.45 m/s, daylight hours 480. In December, the environmental conditions on average are:
temperature 6.24 ◦C, relative humidity 83.90%, rainfall 40.32 mm, wind speed 1.39 m/s,
daylight hours 266. According to the criteria of the UTCI (Universal Thermal Climate
Index) [112,113], a potential discomfort condition in June can be indicated for 12% of the
hours of the month; in December, there a potential discomfort can be experienced for
88% of the hours of the month. The average NDVI (Normalized Difference Vegetation
Index) [114], evaluated on the base of Sentinel2 data, in June 2018 is M:0.25 s.d.:0.00813,
and in December 2019 is M: 0.11 s.d.: 0.00740; comparing the two months NDVI decreases
by 44%. Study 1 uses VR (i.e., panoramic photographs) of four representative points of
view surrounding the Fondazione Prada and piazza Olivetti, recently renovated. Study 2
uses AR to show the urban design project VITAE by Covivio, Carlo Ratti Associati, and
Partners (via Serio). Study 1 presents the actual urban area with the existing vegetation,
whereas Study 2 is a biophilic design project with NBS solutions, including a walkable
green spiral with terraces running from the ground to the rooftop of the building.

In both case studies, participants observed experiential simulations with vegetation and
artificial elements. Study 1 presented pre-selected StreetView™ pannable panoramas from
four fixed points of view. Study 2 presented the photorealistic render of the VITAE design
project superimposed on-site to the actual environment through AR using the City Sense
app; the rendered photorealistic 3D model of the urban transformation is automatically
located in the right place and consistently anchored to the actual context by the app.

The parts of the simulations belonging to the chromatic range of lime and green tones
(Hue: 38–67◦) were exclusively vegetal elements, both in VR (Study 1) and AR (Study 2);
the chromatic preference for these tones is therefore connected to the existing or designed
vegetation. Neutral tones (Saturation <10%) are associated with built elements (mainly
buildings, sidewalks, streets).

The emotions experienced by the participants in both simulated urban environments
were assessed through a questionnaire consisting of 20 items rated on a 5-points Likert
scale [115]. The questionnaire’s answers allow describing the emotions through four factors,
namely Pleasantness, Unpleasantness, Arousal, and Sleepiness. Those factors are conceived
as two pairs of oppositional values on the Unpleasant-Pleasant continuum, which indicates
the level of pleasure of the emotions, and the Sleepy-Arousing continuum, which indicates
the level of activation of the emotions. According to such a theoretical model, considering
the values of the four scales provides a holistic description of a person’s affective state.
Moreover, the values obtained on each continuum can be used as coordinates to place
the resulting emotions in the circumplex model, which describes a cartesian plane where
affective states have a univocal label.

3.2. Procedure and Participants

In this case, 48 students (age M = 26; s.d. = 12.12) from Università degli Studi di Milano
attended Study 1. The four stimuli, i.e., spherical panoramas of the existing condition
projected on a widescreen, were presented to participants. After a short visual exploration
of the urban context by panning the panorama, the virtual camera was brought back to the
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initial target point, i.e., the urban perspective to assess. At the end of the virtual experience
of each point of view, students had to fill in the questionnaire.

Here, 63 citizens (age M = 41; s.d. = 12.81) attended Study 2. During the first public event
for presenting the VITAE design project (Experiencing VITAE—LABSIMURB (2021). Avail-
able at: http://www.labsimurb.polimi.it/research/ar4cup/experiencing_vitae/, accessed on
19 November 2021), participants made a semi-guided exploration of the project area using
the City Sense app in AR mode. The app showed the photorealistic model of the urban
transformation superimposed to the actual context and applied the exp-EIA© method for
assessing the experience in the environment, including the psychological questionnaire for-
merly described. The organizers identified three main relevant perspectives (two in front of
the designed project and one on its back) for stopping the walk, looking around and towards
the VITAE project, and assessing the urban scenario via the app.

3.3. Analyses

Data collected through the emotions’ questionnaire were treated in three ways. Firstly,
descriptive statistics were used to locate on a cartesian plane the emotional state experi-
enced from each point of view; different colors are assigned to the emotions distributed on
the cartesian plane. Secondly, emotions were integrated with geographic information of
the users’ position and their visual target, producing a semantic isovist map; according to
the exp-EIA method©, colors corresponding to the experiences on the cartesian plane were
applied to the related partial isovist, i.e., the portion of space visible from a specific point
of view and with a single target [116,117]. Thirdly, inferential statistics were used to detect
significant correlations between the colors of the urban landscape and the emotional factors.

The participants’ answers gathered in the two case studies were clustered according to
the StreetView™ camera location (Study 1) and the GPS observers’ locations (Study 2) using
the DBSCAN method [118] with Scikit-learn 0.22 and Python 3.8 libraries. This procedure
allowed us to identify different clusters of participants based on their spatial exploration.
For each cluster, the average value of the answers to the emotions’ questionnaire was
calculated. In Study 1, four main clusters were identified, i.e., the four target points assigned
for the experimental task. In Study 2, three main clusters were identified, distributed
around the building simulated in AR. Each cluster was associated with the specific image
representing its view and the related answers, which served for building the color-emotion
correlation matrix. Through color segmentation [119], we extracted and quantified, via
Computer Vision processing with OpenCV 3 library and Python 3.8, 45 chromatic features
mined from Lightness, a* and b* (CIELAB) color-space, and Hue Saturation Value (HSV)
color-space. The 45 color features identified and evaluated are organized in: (i) Lightness;
(ii) oppositive channels a* b*; (iii) Hue; (iv) Saturation. More in detail:

• LIGHTNESS: “The brightness of an area judged relative to the brightness of a simi-
larly illuminated area that appears to be white or highly transmitting” [120] (p. 88),
analyzed in the following ways: (1) average brightness of the image; (2) percentage of
low-brightness pixels (L < 15%); (3) percentage of high-brightness pixels (L > 85%);
(4) average brightness of low-saturation pixels only.

• OPPOSITIVE CHANNELS: “The a* and b* dimensions approximately correlated with
red-green and yellow-blue chroma perceptions” [120] (p. 202), analyzed in the follow-
ing ways: (1) average oppositional a* green-red; (2) average oppositional b* blue-yellow.

• HUE: “Attribute of a visual perception according to which an area appears to be similar
to one of the colors—red, yellow, green, and blue—or to a combination of adjacent pairs
of these colors considered in a closed ring” [120] (p. 88), calculated in a range [0◦:180◦],
it is analyzed in the following ways: (1) percentage of orange tones pixels (8◦ ≤ H < 23◦);
(2) percentage of yellow tones pixels (23◦ ≤ H < 38◦); (3) percentage of lime tones pixels
(38◦ ≤ H < 53◦); (4) percentage of green tones pixels (53◦ ≤ H < 68◦); (5) percentage of
turquoise tones pixels (68◦ ≤ H < 83◦); (6) percentage of cyan tones pixels (83◦ ≤ H < 98◦);
(7) percentage of cobalt tones pixels (98◦ ≤ H < 113◦); (8) percentage of blues tones pixels
(113◦ ≤ H < 143◦); (9) percentage of violet tones pixels (128◦ ≤ H < 143◦); (10) percent-
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age of magenta tones pixels (143◦ ≤ H < 158◦); (11) percentage crimson tones pixels
(158◦ ≤ H < 173◦); (12) percentage of red tones pixels (173◦ ≤ H < 179◦ and 0◦ ≤ H < 8◦).

• SATURATION: “Colorfulness of an area judged in proportion to its brightness” [120]
(p. 91), it is calculated for each image as: (1) mean saturation of the entire image; (2) the
percentage of the pixels’ area belonging to the same hue, or more simply, the image
surface with the same color tones, (3) the ‘mean saturation’ of a specific hue, that is the
average saturation of a color’s tone range, and (4) the ‘weighted saturation’, i.e., the
combination of the previous two, that is the ratio between the mean saturation and the
pixels’ area of a specific hue. Furthermore, each image was filtered on the base of the
L channel (CIELAB) to analyze: (i) saturation of low lightness pixels; (ii) saturation of
high lightness pixels.

The datasets containing the chromatic features and the emotional response values
(structured separately for the two different studies) were normalized using the ScikitLearn
MinMaxScaler method (range [0:1]) to make the variables comparable. A correlation matrix
was then generated by checking the chromatic feature/emotional response pairs.

Due to the different simulation solutions of the two studies (VR in Study 1, AR in
Study 2), the correlation values between colors and emotions in one system and the other
may differ. For this reason, we first considered the correlation’s statistical significance and
then applied the Bland-Altman evaluation [121,122] to establish the concordance between
the correlations found in the two case studies. In Bland-Altman’s graphs, the mean of the
correlations found in the two cases is shown on the abscissas and the difference between
the two correlations values on the ordinates. According to this representation, the more
the pairs of correlations agree, the closer they are to the indifference line (delta = 0.00) on
the y-axis. The closer they are to the indifference line, the closer they are to the probable
real value. Furthermore, the more the correlation values are in agreement and the higher
the correlation value is, the more they are placed at the two extremes of the x-axis (mean).
In identifying the most relevant correlations, we classified the concordance based on the
following criteria: (i) to be High level, the correlations must be contained within the
confidence range of the difference values (mean-t_test_confidence) and have an absolute
value r > 0.75 (in charts the points inside the azure stripe); (ii) to be Medium level the
correlations must be in the intermediate bands between the confidence area of the difference
values and the t-confidence boundaries (±1.96 std) of the data (the charts’ area outside the
azure stripe and inside the red dashed lines); (iii) all the other correlations are classified as
a Low level of concordance.

Using the Bland-Altman chart coordinates, we applied a DBSCAN clustering to check
possible groups of features to deeper interpret the correlations as agreement patterns; the
cluster analysis is conducted on the emotional characteristics that show higher agreement
and higher statistical significance in correlations.

4. Results

4.1. Emotional Reactions to the Simulated Urban Environment

The cartesian plane described by the circumplex model presents pleasant emotions on
the right and unpleasant emotions on the left, arousing emotions on the top and sleepy
emotions on the bottom. The cartesian plane is divided into sections labeled with basic
emotions. In Figure 1, each dot represents the average value of the emotional reaction from
a single point of view (PoV). PoVs A and B of Study 1 were categorized as depressed. PoV
C of Study 1 was categorized as alert-excited. PoV D of Study 1 was categorized as tense.
PoVs 1 and 3 of Study 2 were categorized as fatigued. PoV 2 of Study 2 was categorized
as calm. In Figure 2, the isovists corresponding to the different PoVs (Figure 3) rated by
participants are shown on a map. The color of each isovist corresponds to the color of the
position the PoV has on the cartesian plane.
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Figure 1. Mean values on the cartesian plane described by the circumplex model for the PoVs assessed
in Study 1 (PoVs A, B, C, and D) and Study 2 (PoVs 1, 2, and 3). Source: chart based on Russell’s
circumplex model, elaboration by the authors.

Figure 2. The Porta-Romana district (Milan, Italy), with the isovists of the PoVs assessed in Study 1 (PoVs A, B, C, and
D) and Study 2 (PoVs 1, 2, and 3), colored with the respective colors resulting from the affective state described by the
circumplex model. Source: the authors.
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Figure 3. Points of view: Study 1, PoV A-B-C-D (without the VITAE project); Study 2 PoV 1-2-3. Sources: PoV A-B-C-D,
Google StreetView™; PoV 1-2-3, City Sense™ (in Augmented Reality mode) screenshots.

4.2. Color Features and Emotional Reactions

Figure 4 (PoV D, case Study 1), Figure 5 (PoV 1, case Study 2), and Figure 6 (PoV 2, case
Study 2) provide an example of the viewed urban landscape and the related green and lime
elements identification, including the pie-charts of the hues proportion and the eight main
colors of the scene. For the present paper and based on the literature suggesting the key role
of different types of green in assessing vegetation effects on people [123,124], we only present
here the correlations of lime and green tones with the emotions’ factors (Table 1). The greenery
in the pictures was mainly represented by lime pixels: in Study 1, Lime M = 7.99% s.d. = 9.99%,
Green M = 2.04% s.d. = 1.73%; in Study 2, Lime M = 5.71% s.d. = 1.80%, Green M = 0.85%
s.d. = 1.13%. As a first step, a correlational inquiry was performed. In Study 1 (VR, Table 1),
results suggested the existence of significant correlations (p < 0.05) of the Unpleasant factor
with two variables concerning the lime color and one variable concerning the green color.
No other variables correlated significantly with any other detected emotion. Considering the
lime color, the variables significantly correlated (negative correlation) to the Unpleasant factor
were the pixel area (%) (r = −0.98, p < 0.05), namely the amount of image surface covered
by lime pixels, and the “weighted saturation” (r = −0.96, p < 0.05), calculated as the pixels’
average saturation value in the lime tone range (38◦ ≤ Hue < 53◦). Regarding the green
color, only this latter variable correlated significantly with the Unpleasant factor (r = −0.95,
p < 0.05). In Study 2 (AR, Table 1), only one significant (negative) correlation between
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color variables (lime pixel area %) and emotions (Pleasant factor) was detected (r = −0.98,
p < 0.05). Moreover, in Study 2 significant (positive) correlations were detected between
the percentage of area covered by high lightness pixels and the Unpleasant/Pleasant
continuum (r = 0.99, p < 0.05), and between the mean lightness of neutral hues areas and
the Deactivation/Activation continuum (r = 0.99, p < 0.05).

 
Figure 4. Analysis of the image of StreetView™ from via Giovanni Lorenzini (Milan)—PoV D—
towards Fondazione Prada (existing condition: panoramic photo). Top-left, StreetView™ screenshot;
bottom-left, lime areas identification (38◦ ≤ Hue < 53◦, not depending on the saturation); top-right,
the eight principal colors proportions; bottom-right, the proportions of the hues [Credits: the authors].
Sources: photo by Google StreetView™; color segmentation and charts by the authors.
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Figure 5. Analysis of the AR view from via Vezza d’Oglio (Milan)—PoV 1—towards the VITAE project.
From left to right: future condition: simulation in AR; lime areas identification (38◦ ≤ Hue < 53◦, not
depending on the saturation); the eight principal colors proportions; the proportions of the hues [Credits:
the authors]. Sources: photo by Google StreetView™; color segmentation and charts by the authors.
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Figure 6. Analysis of the AR view from via Condino (Milan)—PoV 2—towards the VITAE project
(future condition: simulation in AR). From left to right: future condition: simulation in AR; lime areas
identification (38◦ ≤ Hue < 53◦, not depending on the saturation); the eight principal colors propor-
tions; the proportions of the hues [Credits: the authors]. Sources: photo by Google StreetView™;
color segmentation and charts by the authors.

As a second step, Bland-Altman analysis was applied to measure the level of agree-
ment between the correlations obtained in the two studies (VR and AR).

The results from the first and second steps were used to identify the variables that met
the following restrictive criteria of significance:

1. To show a significant correlation in at least one of the two studies: p < 0.05.
2. To be included in the Bland-Altman interval of confidence: Difference in the range [(mean

distance from equality—t confidence) : (mean distance from equality + t confidence)],
where the mean distance from equality is the mean of all difference values related to an
emotional parameter.

3. To show a high level of agreement in the two studies comparisons: |mean correlation| > 0.75.
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Table 1. Study 1 (VR) and Study 2 (AR) correlations’ matrix of chromatic features and emotions. The first four columns relate to
single parameters, the last two columns relate to the two axes of Russell’s chart. Cells values are: orange r < −0.80 and p < 0.05;
light orange r < −0.80 and p > 0.05; green r > 0.80 and p < 0.05; light green r > 0.80 and p > 0.05. Source: the authors.

Image Features Unpleasant Pleasant Sleepiness Arousal
Unpleasant/Pleasant

Continuum
Deactivation/Activation

Continuum

Bland-
Altman
Chart

Annotation

Study 1 (VR)
CIELAB color space

Low Lightness area (%) −0.65 0.11 −0.55 −0.21 −0.32 −0.37 [1]

High Lightness area (%) 0.41 0.36 0.61 0.46 0.36 0.52 [2]

Lightness mean (entire pic) 0.65 −0.06 0.58 0.24 0.32 0.39 [3]

Mean lightness of neutral
hues areas 0.19 −0.04 0.33 0.09 0.02 0.18 [4]

Mean green-red 0.86 0.46 0.68 0.65 0.79 0.69 [5]
HSV color space

Mean saturation area (%) −0.18 0.62 −0.02 0.35 0.23 0.19 [6]

Low light pixel saturation −0.01 −0.74 −0.16 −0.51 −0.41 −0.36 [7]

High light pixel saturation −0.79 −0.05 −0.68 −0.37 −0.49 −0.52 [8]
LIME (HSV)

Lime pixel area (%) −0.98 −0.45 −0.87 −0.71 −0.83 −0.80 [9]
Mean saturation lime −0.84 −0.15 −0.62 −0.44 −0.62 −0.54 [10]
Weighted saturation lime −0.96 −0.36 −0.84 −0.65 −0.77 −0.75 [11]

GREEN (HSV)
Green pixel area (%) −0.89 −0.36 −0.70 −0.59 −0.75 −0.67 [12]
Mean saturation green −0.83 −0.07 −0.68 −0.39 −0.54 −0.53 [13]
Weighted saturation green −0.95 −0.33 −0.81 −0.61 −0.75 −0.72 [14]

Study 2 (AR)
CIELAB color space

Low Lightness area (%) −0.94 0.34 0.45 −0.80 −0.77 −0.04 [1]
High Lightness area (%) 0.95 0.29 0.19 0.28 0.99 0.64 [2]
Lightness mean (entire pic) 0.99 0.09 −0.02 0.47 0.97 0.46 [3]
Mean lightness of neutral
hues areas 0.33 0.94 0.90 −0.61 0.62 0.99 [4]

Mean green-red 0.97 −0.24 −0.35 0.73 0.84 0.15 [5]
HSV color space

Mean saturation area (%) −0.99 0.11 0.22 −0.64 −0.90 −0.28 [6]
Low light pixel saturation 0.79 0.61 0.52 −0.08 0.95 0.87 [7]
High light pixel saturation −0.97 0.27 0.37 −0.75 −0.82 −0.12 [8]

LIME (HSV)
Lime pixel area (%) −0.06 −0.99 −0.98 0.80 −0.39 −0.95 [9]
Mean saturation lime −0.85 0.53 0.62 −0.91 −0.62 0.17 [10]
Weighted saturation lime −0.99 −0.10 0.01 −0.46 −0.97 −0.47 [11]

GREEN (HSV)
Green pixel area (%) 0.30 −0.96 −0.98 0.96 −0.04 −0.77 [12]
Mean saturation green −0.86 0.52 0.61 −0.90 −0.63 0.16 [13]
Weighted saturation green 0.26 −0.97 −0.99 0.95 −0.08 −0.80 [14]

Table 2 shows the difference values between Study 1 and 2 correlations; Tables 3–5
shows mean values of Study 1 and 2 correlations; Tables 4 and 5 show Bland-Altman
analysis results, representing the presence within the confidence interval and the level of
agreement. The correlation between weighted saturation lime and the Unpleasant factor
was the only one respecting the criteria of significance. No other color variables showed
statistical significance and high agreement strength in their interaction with emotional
factors. We computed a post-hoc power analysis [125] for the Unpleasant variable, resulting
p = 94.90%:α = 0.05, Δ = 0.70, n1 = 48, n2 = 63, s1 = 0.74, s2 = 1.29.
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Table 2. Correlations’ difference between the two case studies. In light green: differences between −0.10 and 0.10 are
considered strongly converging. Source: the authors.

Difference (Study 1–Study 2)

Image Features Unpleasant Pleasant Sleepiness Arousal
Unpleasant/Pleasant

Continuum
Deactivation/Activation

Continuum
CIELAB color space

Low Lightness area (%) 0.29 −0.23 −1.00 0.59 0.45 −0.33
High Lightness area (%) −0.54 0.07 0.42 0.18 −0.63 −0.12
Mean Lightness area (%) −0.34 −0.15 0.60 −0.23 −0.65 −0.07
Mean lightness of neutral hues areas −0.14 −0.98 −0.57 0.70 −0.60 −0.81
Mean green-red −0.11 0.70 1.03 −0.08 −0.05 0.54

HSV color space
Mean saturation area (%) 0.81 0.51 −0.24 0.99 1.13 0.47

Low light pixel saturation −0.80 −1.35 −0.68 −0.43 −1.36 −1.23

High light pixel saturation 0.18 −0.32 −1.05 0.38 0.33 −0.40
LIME (HSV)

Lime pixel area (%) −0.92 0.54 0.11 −1.51 −0.44 0.15
Mean saturation lime 0.01 −0.68 −1.24 0.47 0.00 −0.71
Weighted saturation lime 0.03 −0.26 −0.85 −0.19 0.20 −0.28

GREEN (HSV)
Green pixel area (%) −1.19 0.60 0.28 −1.55 −0.71 0.10
Mean saturation green 0.03 −0.59 −1.29 0.51 0.09 −0.69
Weighted saturation green −1.21 0.64 0.18 −1.56 −0.67 0.08
Standard deviation 0.59 0.65 0.75 0.86 0.63 0.50

Mean (distance from equality) −0.28 −0.11 −0.31 −0.12 −0.21 −0.24

Standard error 0.16 0.17 0.20 0.23 0.17 0.13

Confidence 0.34 0.38 0.43 0.50 0.37 0.29

Confidence—lower limit mean −0.62 −0.48 −0.74 −0.62 −0.57 −0.53

Confidence—upper limit mean 0.06 0.27 0.12 0.37 0.16 0.05

Table 3. Correlations mean of the two case studies. In light green: means lower than −0.75 or higher than 0.75 are considered
strongly converging. Source: the authors.

Mean [(Study 1 + Study 2)/2]

Image Features Unpleasant Pleasant Sleepiness Arousal
Unpleasant/Pleasant

Continuum
Deactivation/Activation

Continuum
CIELAB color space

Low Lightness area (%) −0.80 0.23 −0.05 −0.51 −0.55 −0.21
High Lightness area (%) 0.68 0.33 0.40 0.37 0.68 0.58
Mean Lightness area (%) 0.82 0.02 0.28 0.36 0.65 0.43
Mean lightness of neutral hues areas 0.26 0.45 0.62 −0.26 0.32 0.59
Mean green-red 0.92 0.11 0.17 0.69 0.82 0.42

HSV color space
Mean saturation area (%) −0.59 0.37 0.10 −0.15 −0.34 −0.05

Low light pixel saturation 0.39 −0.07 0.18 −0.30 0.27 0.26
High light pixel saturation −0.88 0.11 −0.16 −0.56 −0.66 −0.32

LIME (HSV)
Lime pixel area (%) −0.52 −0.72 −0.93 0.05 −0.61 −0.88
Mean saturation lime −0.85 0.19 0.00 −0.68 −0.62 −0.19
Weighted saturation lime −0.98 −0.23 −0.42 −0.56 −0.87 −0.61

GREEN (HSV)
Green pixel area (%) −0.30 −0.66 −0.84 0.19 −0.40 −0.72
Mean saturation green −0.85 0.23 −0.04 −0.65 −0.59 −0.19
Weighted saturation green −0.35 −0.65 −0.90 0.17 −0.42 −0.76
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Table 4. The inclusion of the agreement values of Study 1 and Study 2 within the mean confidence interval of the Bland-
Altman chart. Cells with bold borders relate to a significant correlation in at least one case Study; correlations outside the
confidence interval are not considered for significance. Source: the authors.

Study 1 and Study 2 Correlations within the Mean Confidence Interval

Image Features Unpleasant Pleasant Sleepiness Arousal
Unpleasant/Pleasant

Continuum
Deactivation/Activation

Continuum
CIELAB color space

Low Lightness area (%) OUT IN OUT OUT OUT IN
High Lightness area (%) IN IN OUT IN OUT IN
Mean Lightness area (%) IN IN OUT IN OUT IN
Mean lightness of neutral hues areas IN OUT IN OUT OUT OUT
Mean green-red IN IN OUT IN IN OUT

HSV color space
Mean saturation area (%) OUT IN IN OUT OUT OUT
Low light pixel saturation OUT OUT IN IN OUT OUT
High light pixel saturation OUT IN OUT OUT OUT IN

LIME (HSV)
Lime pixel area (%) OUT IN IN OUT IN OUT
Mean saturation lime IN OUT OUT OUT IN OUT
Weighted saturation lime IN IN OUT IN OUT IN

GREEN (HSV)
Green pixel area (%) OUT IN OUT OUT OUT OUT
Mean saturation green IN OUT OUT OUT IN OUT
Weighted saturation green OUT IN OUT OUT OUT OUT

Table 5. Level of agreement of Study 1 and Study 2 based on mean correlation and inclusion within the mean confidence
interval. Cells with bold borders relate to significant correlation in at least one case study; correlation with low or medium
agreement is not considered for significance. Source: the authors.

Level of Agreement Between Study 1 (VR) And Study 2 (AR)

Image Features Unpleasant Pleasant Sleepiness Arousal
Unpleasant/Pleasant

Continuum
Deactivation/Activation

Continuum
CIELAB color space

Low Lightness area (%) MED. LOW LOW LOW LOW LOW
High Lightness area (%) LOW LOW LOW LOW LOW LOW
Mean Lightness area (%) HIGH LOW LOW LOW LOW LOW
Mean lightness of neutral hues areas LOW LOW LOW LOW LOW LOW
Mean green-red HIGH LOW LOW LOW HIGH LOW

HSV color space
Mean saturation area (%) LOW LOW LOW LOW LOW LOW
Low light pixel saturation LOW LOW LOW LOW LOW LOW
High light pixel saturation MED. LOW LOW LOW LOW LOW

LIME (HSV)
Lime pixel area (%) LOW LOW HIGH LOW LOW MED.
Mean saturation lime HIGH LOW LOW LOW LOW LOW
Weighted saturation lime HIGH LOW LOW LOW MED. LOW

GREEN (HSV)
Green pixel area (%) LOW LOW MED. LOW LOW LOW
Mean saturation green HIGH LOW LOW LOW LOW LOW
Weighted saturation green LOW LOW MED. LOW LOW MED.

4.3. Agreements Cluster Analysis

The emotional factor resulting as significant from previous analyses was the Un-
pleasant (weighted saturation lime difference = 0.03, mean = −0.98). Furthermore, the
Unpleasant parameter presents most of the agreement on the emotional effect of chromatic
features: 36% of high agreements, 14% of medium agreements. Cluster analysis run on
Unpleasant Bland-Altman chart for the correlations’ agreement generated two clusters
related to negative (cluster A) and positive correlations (cluster B). In the Unpleasant graph
agreement (Figure 7), cluster A groups percentage area of low lightness, saturation of high
lightness areas, mean saturation of lime areas, weighted saturation of lime area, mean
saturation green; cluster B groups mean green-red value, percentage of area covered in
mean lightness pixel, high lightness area (%).
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Figure 7. Bland-Altman chart of Unpleasant and chromatic features resulting from the comparison
of Study 1 and Study 2; dots with black border show correlations with high agreement and statistical
significance, with grey border correlations with medium-high agreement but no sufficient statistical
significance. Dashed lines are correlations clusters (DBSCAN): cluster A groups percentage area of
low Lightness, saturation of high lightness areas, mean saturation of lime areas, weighted saturation
of lime area, mean saturation green; cluster B groups mean green-red value, percentage of area
covered in mean lightness pixel, high Lightness area (%). Source: the authors.

5. Discussion

Our research investigated the relationship between colors and emotions in actual
urban areas, including existing vegetation in VR (Study 1) and a designed project with NBS
in AR (Study 2) through a two steps process. Firstly, we analyzed the general effects of
urban scenes colors on emotions, focusing on lime and green colors traditionally associated
with natural elements [123]. Secondly, we tested the level of agreement between two
different simulation solutions by comparing VR and AR.

Compared with the generally positive effects of natural elements reported in the
literature, the relationship between lime and green color tones and affective states was not
straightforward in our studies. In the first place, green tones show a significant correlation
with emotions only in one case (green weighted saturation reduces the Unpleasant factor)
and only in the VR experimental condition. Lime tones show two significant correlations:
both lime pixel area (%) and lime weighted saturation reduce the Unpleasant factor, and
the latter effect has a high agreement between VR and AR. The effects of lime are consistent
with previous studies on yellowish-green plants associated with positive emotions and
happiness [123,124]. Despite this, it is worth noting that lime pixel area (%) also has a
negative correlation with the Pleasant factor in AR, which is anyway in disagreement with
VR. Most of the positive effects observed with lime and green tones are consistent with
previous literature, whereas further studies are needed to understand better this negative
effect of the lime pixel area in AR.

More in general, the results suggest that the presence of green and lime tones via AR and
VR reduce the unpleasantness rather than increasing the pleasantness in the urban environ-
ment. This finding is coherent with psychological models, which stressed the independence
between positive and negative affects [126]. It is possible to argue that, in the examined urban
conditions, the perception of urban greenery (lime tones in AR and VR, green tones in AR
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only) triggers less intense sensations of dissatisfaction and repulsion but does not significantly
stimulate the individual perception of beauty and pleasantness. Furthermore, the results show
no significant relationships between green tones and emotions concerning positive (i.e., calm,
relaxation) or negative (i.e., boredom) deactivation. This encourages a non-mechanistic view
of the relationship between greenery and pleasantness or relaxation in urban environments.
Indeed, despite the well-established positive effect of greenery presented in the literature, it is
necessary to contextualize each case study. For example, referring to two classic psychological
frameworks, we can hypothesize that in our case studies greenery is not able by itself to
generate affordances [127] eliciting emotional states of activation/deactivation [128] or to
trigger a restorative experience increasing people’s perception of fascination, being away,
extent and compatibility [84].

Finally, the results offer a remarkable suggestion regarding the reliability between AR
and VR. Indeed, data suggest that lime and green tones’ influence on some emotional vari-
ables is partially consistent with VR and AR scenarios, especially regarding the Unpleasant
factor. Considering high-level agreements between VR and AR, including both significant
and non-significant correlations, the number of assessments in agreement increases from
one to seven. It is worth noting that the majority of such agreements include the Unpleasant
factor, which appears as the most stable variable that can be assessed comparatively with
AR and VR, at least regarding green tones. These results pave the way for future analyses
comparing VR and AR.

The results suggest that the positive effects of natural elements [57,87] should be
explored more in detail in the future. The different reactions to green and lime colors, as
well as the varying effect that the considered lime variables had on pleasantness, call for
a deeper understanding of the role played by several natural factors. As suggested by
Han and Ruan [129], future research should tackle issues including plants’ amount, size,
color, scent, and type (including flowers, foliage, shape). In such a perspective, it is also
relevant to consider time (e.g., seasonal conditions) in relation to the geographical location.
In developing such researches, it is important considering that the relationship between
human and environmental factors is an interdisciplinary topic, investigated in various
disciplines with many different theoretical and methodological traditions such as psy-
chology, architecture, landscape design, or agriculture. Hence, the research conducted by
monodisciplinary teams are more prone to be methodologically sounder on environmental
factors or on human ones but not on both of them. As Bringslimark, Hartig and Patil [130]
suggested in their review on indoor plants, more collaboration between environmental
psychologists and horticulturists would be beneficial. Similarly, such reflections can be
extended to the greenery in public spaces, which calls for even broader collaboration [131].

Results also stress once more that an ethic for simulation usage is needed and ur-
gent [132–134] since the improper alteration of the simulation elements, including colors,
can create distortions in the proper understanding of the depicted environment; in the
worst case, this can lead to poor urban/landscape planning and design decision that im-
pact on society. Showing biased representations that do not trustfully anticipate the urban
transformation is also a powerful—and thus hazardous—tool for manipulating public
opinion and directly impacting citizens’ emotional states. This consideration is relevant
both when presenting urban design projects to a pre-selected private audience or when
using it in public participatory processes. In the same perspective, it is also essential that
the scientific research continues investigating such a topic for leading the fair preparation
and application of simulation in relation to the specific knowledge goals and the available
resources (e.g., available time and abilities, economic and human resources). This proper
cost/benefit balance is crucial to positively impact cities and societies. Indeed, the recent
advancement of solutions such as VR and AR suggests their incremental usage in urban
processes, but the impact of costs for producing reliable realistic simulations should not
be underestimated. Indeed, the proper production of simulations can be affected by this
economic aspect; thus, correctly identifying the needed fidelity level of the simulation can
potentially contribute to its wider unbiased application.
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6. Conclusions

Our results bear some limitations to be carefully considered. Our analysis focused
on color features extracted from the images, which included a high amount of lime pixels
compared to green ones, both in VR and AR. In addition, we did not consider the semantic
value of the green elements included in the images; hence all types of vegetation are con-
sidered equal, including trees, bushes, grass, and flowers. These elements were present in
varying proportions in the actual and in the designed scenario. Similarly, no variables were
considered to distinguish lush and cultivated vegetation from unkempt and spontaneous
greenery, which varied across the scenarios. Moreover, it is worth noting that the weather
conditions, another environmental feature that influences affective states, varied across
the scenarios. VR presented a sunny environment, whereas AR superimposed the build-
ing with NBS on the urban landscape on a cloudy winter day, which may have affected
participants’ emotions. The limitations of the quasi-experimental design, which hinders
the full comparability of the two scenarios, and the choice of environments unbalanced
towards lime tones are due to the data collection during a real case study. The needs of
the participatory process limited the choice of the environment to explore, prevented us
from manipulating the designed NBS, narrowed the choice of tools for data collection,
and influenced the choice of participants. Such considerations suggest two main fields of
research for the future. The first concerns theoretical research, which implies experimen-
tal design, the manipulation of single environmental variables (e.g., types of vegetation,
weather and seasonal conditions, architectural solutions), and broader categories of par-
ticipants. Laboratory research would also allow scholars to examine more in depth the
psycho-physiological effects of such technologies, offering a complementary perspective to
the emotional description obtained through psychometric scales; one of the main obstacles
for the inclusion of such physiological tools in actual participatory processes lies in the
difficulty of having reliable measures with low-cost and non-intrusive instruments. The
second field is related to applied research, investigating the most effective procedures for
integrating these technologies and the related devices into concrete case studies, devoting
specific attention to sensitive populations (e.g., with low digital literacy, color vision or
other sight deficiencies). In addition to the citizens’ perspective, it is also worth considering
other stakeholders’ perception: the opinion of experts working in public institutions and
private companies involved in relevant urban transformations are a key factor for designing
successful engagement strategies.

Despite these limitations, our studies showed that it is possible to obtain a reliable
assessment of the emotional reaction to NBS, even when comparing data gathered with
different technologies such as VR and AR. In light of such results, we conceive partici-
patory apps with VR/AR solutions as valuable tools for participatory urban processes;
they can represent a quick and affordable assessment tool for investigating the relevant
issue of alignment with the community needs [15] and monitoring the differences among
sub-populations [30]. Indeed, the gained results are relevant sources for checking the con-
gruence between users’ perceptions and design desiderata. Moreover, the application of
AR and VR solutions generally engages citizens and fosters inclusiveness thanks to the ease
of understanding of the design outcomes. Our studies show that integrating these apps in
a participatory process enables the collection of specific contextual information about the
people-environment relationship focusing on NBS. Indeed, with such an approach, it is
possible to combine objective (e.g., environmental features such as chromatic elements) and
subjective data analysis (e.g., emotional and/or cognitive reaction). The explanatory capa-
bility of subjective data is increased when associated with socio-demographic variables,
allowing a more detailed explanation or a targeted analysis of results.

In this perspective, the proposed approach supports improving collective wellbeing
by favoring the creation of places capable of fulfilling the community goals and inclina-
tions [135]. Such an approach would allow different stakeholders to assess the wellbeing
experienced by different population segments and thus consistently inform the design or
decision-making phase. Nevertheless, participatory apps are not conceived as autonomous
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tools for guiding design solutions; rather, they can be seen as a tool for fostering peo-
ple’s perspectives in urban processes (i.e., human-centered design) by opening a debate
among the stakeholders involved in the transformation process. The interpretation of the
results gained via such smart participatory solutions is assigned to professionals with a
background in social sciences and architecture/urban planning, and experts of the local
context capable of including cultural variables regarding artificial and natural elements
and expected behaviors of local/global communities. The translation of such information
into meaningful physical features is entirely in charge of architects and planners.

7. Patents

The AR4CUP APP, distributed as City Sense by Artefacto, provides realistic and immersive
environment replicas via AR or VR. Through an architectural\psychological integrated frame-
work, the interaction with the simulated environment triggers an experience that can be reliably
assessed using established psychological constructs (exp-EIA©—Experiential Environmental
Impact Assessment—Copyright BOIP N. 123453—6 May 2020 and N. 130516—25 February 2021;
Patent for Invention application N. 102021000017168—30 June 2021).
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Abstract: The population of Dubai has increased dramatically in the last 40 years. Along with
social changes, neighborhood parks are becoming increasingly important for enhancing the residents’
quality of life. This study aims to evaluate the physical environment of parks and investigate
park users’ satisfaction in neighborhood parks of Dubai. After defining the park and surrounding
environment for access, a field survey was performed at Bay Avenue Park and Al Ittihad Park. The
data for analysis were collected from the Department of Geographical Information System (GIS)
Center at Dubai Municipality. The results show that the standard duration was 60–90 min, and the
walking/driving time was 10–20 min. “Children Facility” and “Various Attractions” were low in both
parks. The statistical results of multiple regression analysis of the derived factors and satisfaction
show that Bay Avenue Park influenced satisfaction in the surrounding environment for access,
pedestrian space, park facility, convenience and comfort of the park, and various attractions and
activities. Furthermore, Al Ittihad Park influenced satisfaction in pedestrian space, green landscape,
surrounding environment for access, park facilities, and safe access. Therefore, factors such as
park facilities, surrounding environment for access, and pedestrian space were analyzed to affect
satisfaction in both parks. The analysis of the surrounding environment for access factors using GIS
would methodologically help determine priorities for future improvements around parks. However,
this study is limited by the scope and investigation period of the target parks, and detailed factors
related to the surrounding environment for access are also not evaluated.

Keywords: surrounding environment for access; neighborhood park; user satisfaction; park facility;
Bay Avenue Park; Al Ittihad Park

1. Introduction

Since the 1980s, Dubai has experienced rapid economic growth in the gross domestic
product (GDP) from 29.57 billion USD in 1980 to 401.51 billion USD in 2020 [1,2]. Dubai’s
population expanded from 254,400 in 1980 to 2,921,376 in 2020 [3]. Such an unprecedented
development and urban expansion have increased personal income and more comfortable
lifestyles in tax-free cities [4,5]. However, the lack of urban open space with the green area,
even though Dubai is a planned city from the initiation compared to other metropolitan
cities in the Middle East, created the unprecedented unbalance in the life of Dubai residents.
Thus, Dubai residents are looking for spaces that will allow them to engage in relaxing
leisure activities [6]. Previously, most leisure activities took place in desert parks far away
from residences and theme parks in the outskirts, so activities were concentrated on such
facilities [7,8]. The high frequency of use resulted in great congestion and damage to the
natural environment [9]. Currently, neighborhood parks have become necessary for Dubai
residents to satisfy their resting and recharging needs [10].
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The importance of parks within walking distance has been recognized in the past,
and parks have been placed in easily accessible locations where residents can conveniently
use them in real life [11–13]. Furthermore, efforts are being made to increase the park
utilization rate by reflecting the diverse needs of the citizens in major global cities [14].
For example, 96% of New Yorkers enjoy the benefits of parks within a 10-min walk [15].
Despite its many urban problems, New York City has become one of the most desirable
cities to live in [16]. Accordingly, the importance of neighborhood parks within walking
or short driving distance is gradually increasing in Dubai as it improves the quality of
life among urban residents [17,18]. Furthermore, in recent years, parks have served as a
place to maintain a lasting relationship with society by providing a pleasant environment,
revitalizing the residents’ activity through walking, and promoting walking activities for
the elderly [19]. However, even though neighborhood parks near their residence are helpful
for the residents, it is challenging to expand new parks due to economic problems such as
non-profitability and difficulty purchasing land [20].

Most of the current neighborhood parks, initially established as urban parks, within
walking distances consist of spatial composition and facilities that provide green resting
areas [21]. However, in reality, the utilization rate is decreasing because these parks
do not reflect the actual needs of the modern citizens, such as sports-related facilities,
walking/jogging tracks, and bicycle tracks [22]. The social function of parks needs to adapt
to the changes in society and lifestyles. Evaluation of the users’ satisfaction and needs is
essential to improve parks for the use of residents and improve their quality of life through
these parks [23]. In addition, unlike urban and regional parks, in the case of parks located
within walking distances, the surrounding environment for access to the park can directly
affect the park’s utilization rate, considering that it is intended for use by foot [24,25].

Most of the plans focus on improving the environment inside the park, which can
lead to a decreased actual utilization rate after the park is built [26,27]. In other words, it is
crucial to improve the surrounding environment for access from the residence to the parks
so that the people can recognize it as a suitable facility in their locality and use it to their
satisfaction [28]. Therefore, to improve the satisfaction levels and increase the utilization
rate of neighborhood parks, measures to enhance the internal environment and access to
parks reflecting modern city residents’ park usage patterns are recommended [29,30].

Various studies to improve parks have been continuously conducted by analyzing
users’ behavior and satisfaction [31,32]. Plunz et al. (2019) [33] argued that urban parks
should be created as resident-friendly parks to increase their efficiency as a comfortable
resting space for people using the city park. Turan et al. (2016) classified neighborhood
parks in Rize, Turkey according to the type of facilities provided, and suggested improve-
ments for each type. In addition, Zhang et al. (2018) [34] analyzed the satisfaction level of
neighborhood parks in China by classifying them into the urban, river, and natural park
types and found that users prioritized benefits over facilities or environmental conditions.
Chan et al. (2018) [35] mentioned the necessity of creating urban parks using scrap land
because residents of areas adjacent to the industrial complex in Hong Kong prefer small
parks near their residences. Neckel et al. (2020) [36] suggested that park revitalization
should be promoted in connection with the park’s walking and climbing functions, as
satisfaction in the use of regional parks increases through mental and physical stability
and health promotion in the area. Gholipour et al. (2021) [37] analyzed facility use and
satisfaction surveying urban park users. They pointed out that many improvements are
needed in the facilities used and convenience facilities such as information facilities and
parking lots. However, previous studies aimed to suggest improvement plans and their
effects on parks as open spaces in the city, rather than focusing on the accessibility of these
parks [38]. As such, there have been many studies on the level of satisfaction, problems,
and space required by park visitors, but there are insufficient studies on user behavior
and satisfaction of urban parks within walking or short driving distance for residents,
and the necessary facilities and directions for improvement [39,40]. Ayala-Azcárraga et al.
(2019) [41] analyzed the relationship between the perceived spatial characteristics such as
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size, number, and distance to the park, infrastructure, and environmental components of
three size-categories of urban parks in Mexico City and their use. They analyzed the use of
these spaces to promote well-being, considering the relationship with three dimensions
(health, community, and satisfaction with life) to recover from stress and fatigue, encourage
physical activity, and facilitate social contact. Anastasiou and Manika (2020) [42] identified
the characteristics that affect the residential satisfaction of open urban space in a medium-
sized Greek city and the complex patterns between the characteristics elements of these
spaces and the visitors’ satisfaction. Liu and Xiao (2021) [43] assigned the potential factors
affecting people’s perception of and satisfaction with urban parks based on the online
comments data from Dianping and explored the relationship between these factors and
people’s satisfaction, and further identified the significant factors. For the next phase of
research, after the analysis of user satisfaction by survey or online data, a stimulus-response
theory which is an environmental, psychological theory of the process of perception and
cognition by which humans respond to environmental stimuli such as Russell and Lanius
(1984) [44] and Rapoport (2016) [45] can be used to build qualitative analysis data from
Dubai residents.

Neighborhood urban parks have an attraction distance of fewer than 1000 m and a
size of more than 30,000 m2 [46,47]. It is for the use of those who live within walking
or short driving distance [48]. Moreover, residents within the neighborhood should use
it without significant restrictions in terms of time and space [49]. Although the impact
of having proper accessibility from the residential areas to the park is essential, most
park satisfaction studies are limited to the evaluation of the park’s internal facilities and
physical environment [50]. Improving Park utilization by enhancing accessibility has not
been considered [51]. Accessibility considers the travel time and the characteristics of the
destination, such as the presence or absence of sidewalks, provision of shade by trees, and
pedestrian obstacles [52]. In particular, these characteristics can be considered essential
variables that can affect the satisfaction level with a park accessible by foot [53].

This study investigates neighborhood parks within walking or short driving distances
that are advantageous to residents. In addition, a satisfaction analysis is conducted regard-
ing the accessibility factors that have not been dealt with thus far, and the difference in
influence between internal and external environments is analyzed to provide a holistic
review for satisfaction improvement. Finally, the study aims to provide data for park
creation and reorganization to improve future utilization rates by statistically determining
the effects of these internal and external environments on user satisfaction to the Dubai
Municipality since there is no previous research for urban parks in metropolis with the
similar development pace of urban expansion or similar hot desert climate urban context.

2. Materials and Methods

2.1. Target Sites

For the spatial scope of the study, parks satisfying each criterion were selected
in the following order, as shown in Table 1. First, by referring to the park status of
Dubai Municipality in 2021 [54], 20 neighborhood parks were identified (summarized in
Figure 1) [55,56]).
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Table 1. List of Neighborhood Parks in Dubai (* = Neighborhood Parks between 30,000 m2 and
100,000 m2).

# Name Location Area Features

1 Al Barsha Pond Park Al Barsha 210,400 m2 - Park House/Café
- Kiosk/Toilets/Pond/Solar-powered boats

2 Al Ittihad Park * Palm Jumeirah 98,200 m2 - Shops/Restaurants
- Playgrounds/Water features/Toilets

3 Al Khazzan Park City Walk 15,200 m2 - Shaded Playgrounds
- Toilets

4 Al Sufouh Park Al Sufouh 14,000 m2 - Coffee shop
- Sports facilities/Toilets

5 Al Wasl Park Jumeriah 1 14,800 m2 - Shaded Playgrounds
- Toilets

6 Bay Avenue Park * Business Bay 35,000 m2 - Shaded Playgrounds/Skate Park
- Toilets

7 Dubai Creek Park Dubai Creek 960,000 m2 - Barbeques/Picnic Area/Playgrounds
- Coffee shop/Toilets

8 Dubai Hills Park Dubai Hills 180,000 m2 - Splash Park/Skate park/Ice rink/Dog park
- Playgrounds/Toilets

9 Dubai Miracle Garden * Al Barsha South 72,000 m2 - Flower gardens/Restaurants
- Toilets

10 JLT Park * JLT 35,000 m2 - Restaurants/Coffee shop
- Toilets

11 Jumeirah Beach Park * Umm Suqeim 2 35,100 m2 - Barbeques/Food kiosks
- Toilets

12 Love Lake Dubai Al Qudra Lake 105,500 m2 - Barbeques/Coffee shop
- Toilets

13 Mamzar Beach Park Al Mamzar 1,060,000 m2 - Chalets/Swimming pool/Sports courts
- Barbeque area/Restaurants/Toilets

14 Mushrif Park Al Khawaneej 5,250,000 m2 - Restaurants/Sports fields/Bike track
- Toilets

15 Nad Al Sheba Cycle
Park * Nad Al Sheba 60,000 m2 - Change Rooms

- Toilets

16 Quranic Park Al Khawaneej 600,000 m2 - Shaded seating/Playgrounds
- Toilets

17 Al Safa Park Al Safa 640,000 m2 - Cafeterias/Theater/Track and Field courts
- Toilets

18 The Block Dubai Creek 25,500 m2 - Sports facilities/Climbing walls /Cafes
- Toilets

19 Umm Suqeim Park Umm Suqeim 1 28,000 m2 - Cafes
- Toilets

20 Zabeel Park Zabeel 475,000 m2 - Barbeques/Picnic Area/Playgrounds
- Restaurants/Toilets
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Figure 1. The Network of Neighborhood Park Locations in Dubai.

Next, neighborhood parks with an area of 30,000 m2 or more, which is the legal
standard for neighborhood parks within walking or short driving distance in Dubai Mu-
nicipality regulation, and smaller than 100,000 m2, the minimum area of an urban neigh-
borhood park in Dubai Municipality regulation was selected. It was found that 6 out of
20 neighborhood parks met this requirement (Figure 1) [57].

Finally, a 1000 m park attraction distance was set from the park boundary to select a
park with a high park utilization rate. Then, the area percentage of the high-rise residential
areas in the zone was calculated for each park. The higher density within a 1000 m radius,
the more residents use the parks. Compared to other park areas with low-rise villa and
townhouses, the area percentage of the high-rise residential areas in the zone of Bay Avenue
Park (12.8%) and Al Ittihad Park (9.6%) showed the highest ratios in that order since both
parks are in high-density family-oriented apartment areas.

Bay Avenue Park’s first target site is Al A’amal Street in Business Bay (Figure 2). It
can be easily accessed from the Business Bay Metro Station by a short 15-min walk. A
convenient Bay Avenue parking area is available for those who come by car [58]. The
Business Bay district is known for its commercial development and high-rise office towers.
However, it also contains urban parks, which offer a wide variety of physical activities.
Dubai Properties developed Bay Avenue Park in 2014 as an addition to the Bay Avenue
project, including a retail shopping center [59]. It covers an area of 35,000 m2 and is in the
heart of the Business Bay area. It features a large green area along with a jogging track
(Figure 3), two outdoor gyms, and other recreational facilities, such as one of the best skate
parks in Dubai and two playgrounds to entertain children [60].
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Figure 2. Location Map of Bay Avenue Park (Accessibility Radius 1 km).

 

Figure 3. Urban Context of Bay Avenue Park.

These amenities are ideal for the 191,000 residents of Business Bay, especially those
living in the Executive Towers complex [61]. Bay Avenue Park also has coffee shops, a
dancing fountain, and a jogging path that runs for 1 km around the park. Park users enjoy
the area’s landmarks, such as Burj Khalifa and Zaha Hadid’s Opus building, while walking
or jogging in the park.

The second target site, Al Ittihad Park, is located in Palm Jumeirah (Figure 4). It is easily
accessible through the Palm Monorail (Al Ittihad Park station), and the lifted monorail
track runs through the park [62]. It is a tranquil park spread across 98,200 m2. The word
Ittihad (union in Arabic) implies the ethos of living together in harmony [63]. The most
iconic feature of this park is its range of trees and plants. Al Ittihad Park was inaugurated
in 2012 on the UAE’s 41st National Day. It is located adjacent to the Golden Mile Galleria
Mall and Shoreline Apartments complex and provides residents with a walking distance
place to spend their leisure time [64]. One of the main features is the 3.2-km jogging track,
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one of the best places in the city for an outdoor run, brisk walk, or a casual stroll in the
park (Figure 5). It has 60 varieties of plants and trees indigenous to the region; it is home to
over 600 palm trees planted on the edges of the running track. It also has a play area for
children with swings, slides, and other fun rides.

 

Figure 4. Location Map of Al Ittihad Park (Accessibility Radius 1 km).

 

Figure 5. Urban Context of Al Ittihad Park.

2.2. Survey Method

The survey was divided into a preliminary and the main questionnaire to select the
objective criteria. The questionnaires consisted of main categories on user behavior, satisfac-
tion with the internal environment and accessibility to the park, and personal characteristics.
Regarding accessibility from the residence to the park, based on the literature related to the
pedestrian environment, an objective analysis was conducted to determine the subjective
view of the difficulties in surrounding environment for access. Items related to satisfaction
with the park environment were organized by extracting indices based on previous studies.
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Among preliminary variables, a total of 25 critical variables was extracted via four
zoom brainstorming sessions between 10 June 2021 and 24 July 2021 with nine professionals
with more than 20 years of experience in their fields (2 urban design professors from the
University of Sharjah and Ajman University, two landscape architecture professors from
UAE University and Ajman University, two architecture professors from UAE University
and Ajman University, two urban design department managers from Dubai Municipality,
and one general manager from landscape design firm in Dubai) (Table 2).

Table 2. Survey Questionnaire Structure.

Main Categories Questions Evaluation

Park User Behavior
1. Frequency of Visit, 2. Duration of Visit, 3. Reason for Visit,
4. Transportation Mode Multiple Choices Question

1. Visiting Time, 2. Walking/Driving Time to Access Short Answers Question

Satisfaction Level

Park
Environments

1. The Size of the Park, 2. Green Area, 3. Shades, 4. Trail
Length, 5. Trail Width, 6. Lightings, 7. Parking, 8. Resting
Place, 9. Public Facility, 10. Children Facility, 11. Sports
Facility, 12. Sports Court, 13. Safe Environment,
14. Attractions, 15. Scenery

5-Point Likert Scale
Question

Accessibility to
the park

1. Safe Environment, 2. Scenery, 3. Attractions,
4. Tree Shades, 5. Connectivity of Walkway, 6. Level of Slopes,
7. Pedestrian/Car Separation, 8. Lightings, 9. Car Speed,
10. Hindrance

5-Point Likert Scale
Question

Surveyor Information 1. Gender, 2. Age, 3. Occupation, 4. Monthly Income Range Multiple Choices Question

A preliminary questionnaire was performed on 1 September 2021, to correct and
supplement questions. The survey was conducted at Bay Avenue Park and Al Ittihad
Park simultaneously from 7:00 AM to 8:00 PM for a total of 10 days, from 6–15 September
2021. The survey was conducted in a face-to-face method by graduate students, who
were well aware of the purpose of the research, to ensure the reliability of the survey
results. Excluding ten copies that were judged to be insincere, a total of 375 answered
questionnaires, 189 from Bay Avenue Park and 186 from Al Ittihad Park, were used for
the analysis.

2.3. Analysis Method

The flow of analysis is shown in Figure 6. The environment of each park was investi-
gated through a field survey by graduate students to evaluate the physical environment
related to park use. Physical accessibility items were selected based on previous studies
related to walking [65]. The analysis data were collected from the Department of Geo-
graphical Information System (GIS) Center at Dubai Municipality [66]. Spatial data were
constructed for the surrounding environment for access within a straight distance of 1000 m
from the park boundary [67]. As for the analysis data, using the facility spatial information
DB, GIS data for pedestrian-related sidewalks, pedestrian traffic lights, street trees, bus
stops, traffic safety signs, and intersections were constructed and analyzed for each park.
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Figure 6. The Flow of the Research Analysis.

The questionnaires were analyzed using the IBM SPSS Statistics 26 program. First,
descriptive statistics and frequency analysis were conducted to understand the general
characteristics and satisfaction of the survey subjects. Finally, factor analysis was conducted
to identify the variables and factors related to the satisfaction level. Finally, stepwise multi-
ple regression analysis was performed to analyze the effect of the physical environmental
factors extracted through factor analysis on each park’s satisfaction level.

3. Results

3.1. Physical Environment & Accessibility Assessment

By examining the status of facilities within the two parks using a field survey, as
shown in Table 3, the types and number of landscaping, resting, and convenience facilities
were similar. However, there were differences in exercise facilities. Bay Avenue Park has
a promenade at its center; hence, many users engage in simple physical activities such
as walking and jogging. In Al Ittihad Park, children-friendly facilities were installed in
a multipurpose sports space, which many residents used. Further, in Bay Avenue Park,
various outdoor exercise equipment was also installed. Still, Al Ittihad Park was found to
be slightly deteriorated due to the facilities’ lack of expansion and maintenance.
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Table 3. Physical Environments of Bay Avenue Park and Al Ittihad Park.

Category Bay Avenue Park Al Ittihad Park

Physical Environment

  

Size 35,000 m2 98,200 m2

Resting Places Coffee shops, 46 Benches, 6 Outdoor cafés Coffee shops, 118 Benches, 8 Outdoor cafés

Sports Facility 1.0 km jogging track, 2 Outdoor gyms, 3.2 km jogging track

Parking Parking lot (975), Bicycle racks Parking lot (1346), Bicycle racks

Landscape Lawn, Bushes, Dates palm trees
(10 varieties of indigenous plants and trees)

Lawn, Bushes, Dates palm trees
(60 types of indigenous plants and trees)

Children Facility Skate parks, 2 Playgrounds, Dancing
fountain

Playground with swings, slides, and other fun
rides

Commercial Activity Bay Avenue Mall Golden Mile Galleria Mall

Sidewalk Area 24,364 m2 19,496 m2

Pedestrian Traffic Lights 28 18

Traffic Safety Signs 84 68

Number of Trees 158 600

The data on the approach environment index was constructed by performing a 1 km
radius buffer from the park boundary. Dubai residents mostly used the park within 1 km
of the attraction distance. The park needs to be within 10 min walking or 5 min driving
distance because it needs to be accessible to the residents. In evaluating the pedestrian
networks, sidewalks for safety were vital as they affect safe passage from residential areas
to parks. The analysis revealed that the sidewalk area of Bay Avenue Park was 24,364 m2

and that of Al Ittihad Park was 19,496 m2, indicating that the two parks were similar.
Moreover, there were 28 pedestrian traffic lights around Bay Avenue Park and 18

around Al Ittihad Park. Traffic safety signs were analyzed among the 84 around Bay
Avenue Park and 68 around Al Ittihad Park. It was confirmed that there was no significant
difference in pedestrian safety facilities around the park. However, it was found that the
number of street trees and intersections differed within the two parks’ induction zones.
In the case of street trees, Al Ittihad Park has 442 more than Bay Avenue Park, despite
the similar sidewalks within the shaded area. It means that Al Ittihad Park is relatively
better than Bay Avenue Park in terms of comfort, such as green cover and shade provided
by trees.

3.2. User Behavior and Satisfaction Assessment

As shown in Table 4, In terms of the demographic characteristics of park users, par-
ticularly gender distribution, the proportion of female users of Bay Avenue Park was
more, at 52.4%. However, in Al Ittihad Park, male users were more at 56.5%. In terms
of age, 21.7% in Bay Avenue Park were in their 40 s, and 28.5% were in their 40 s at Al
Ittihad Park. By occupation, in Bay Avenue Park, housewives accounted for the most at
29.6%, and in Al Ittihad Park, housewives accounted for 34.4%, followed by office workers,
self-employed, and students.
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Table 4. Demographic Characteristics of Survey Participants.

Category
Bay Avenue Park Al Ittihad Park

Number Percentage Number Percentage

Gender

Male 90 47.6 105 56.5

Female 99 52.4 81 43.5

Total 189 100.0 186 100.0

Age Group

10–19 14 7.4 15 8.1

20–29 18 9.5 33 17.7

30–39 29 15.3 44 23.7

40–49 41 21.7 53 28.5

50–59 30 15.9 18 9.7

60–69 34 18.0 14 7.5

Above 70 23 12.2 9 4.8

Total 189 100.0 186 100.0

Occupations

Students 30 15.9 23 12.4

Housewives 56 29.6 64 34.4

Office Workers 46 24.3 55 29.6

Self-Employed 21 11.1 33 17.7

Others 36 19.1 11 5.9

Total 189 100.0 186 100.0

Average
Monthly

Income (AED)

≤10,000 19 10.2 13 7.0

10,000–20,000 76 40.6 90 48.1

20,000–30,000 44 22.5 48 25.9

30,000–40,000 33 17.6 26 14.1

≥40,000 17 9.1 9 4.9

Total 189 100.0 186 100.0

In terms of usage patterns, Bay Avenue Park and Al Ittihad Park users were primarily
similar in Figure 7. First, looking at the frequency of visits, one time per week was the
highest in Al Ittihad Park (38.0%), and more than five times per week was the highest in
Bay Avenue Park (27.4%).

Regarding the duration of the visit, the percentage of respondents who used 60 to
90 min for both Bay Avenue Park and Al Ittihad Park was the highest at 32.7% and 45.9%,
respectively. This is consistent with research showing that residents spend a relatively
shorter duration, amounting to less than two hours when using a nearby park [68].
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Figure 7. Analysis of the Usage Behaviors of Park Users.
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A high walking rate was seen in terms of means of transportation from the residence
to the park. Further, the respondents who said that the walking time was between 10 and
20 min were 37.4% in Bay Avenue Park and 38.1% in Al Ittihad Park. It means that parks are
used more by the residents living in the vicinity than those from other areas. Furthermore,
43.4% of Bay Avenue Park users and 29.6% of Al Ittihad Park users mainly used the park
for walking and jogging.

3.3. Park Physical Environment & Accessibility Satisfaction Assessment

Table 5 shows the results of analyzing the park users’ satisfaction with the physical
environment on a 5-point Likert scale. First, looking at the evaluation results of Bay Avenue
Park users, satisfaction with most items were found to be higher than that of Al Ittihad Park.
Among them, the “Safe Environment” item had the highest average value of 3.72 points,
indicating a relatively high level of satisfaction with safety. It is because Bay Avenue Park
has the characteristic of an open type, wherein the inside of the park can be seen clearly.
This result can be attributed to the various facilities arranged around the linear promenade
next to the Bay Avenue mall corridor and its spatial characteristics that enable natural
monitoring. Next, satisfaction with the “Trail Width” was relatively high at 3.57 points. The
circular walkway with a 5 m or more width inside Bay Avenue Park is highly satisfactory
because it provides a smooth environment for users to walk and jog.

Table 5. Satisfaction of Park’s Physical Environments (p < 0.05).

Category

Total Bay Avenue Park Al Ittihad Park
F

ValueMean
Standard
Deviation

Mean
Standard
Deviation

Mean
Standard
Deviation

Shades 3.52 0.870 3.50 0.866 3.53 2.876 0.008

Green Area 3.54 0.785 3.53 0.820 3.54 0.749 2.042

The Size of the Park 3.48 0.813 3.48 0.834 3.47 0.792 0.479

Trail Width 3.49 0.790 3.57 0.757 3.42 0.816 0.919

Trail Length 3.40 0.837 3.47 0.815 3.31 0.853 0.118

Parking 2.92 0.880 3.15 0.814 3.32 0.885 3.960

Lightings 3.19 0.906 3.47 0.872 2.69 0.852 3.089

Resting Place 3.15 0.981 3.33 0.962 2.89 0.969 1.895

Public Facility 2.98 1.032 3.34 0.894 2.97 1.031 6.163

Children Facility 2.56 0.883 2.68 0.881 2.60 0.867 0.006

Sports Facility 3.22 0.869 3.48 0.795 2.41 0.865 1.701

Sports Court 3.08 0.902 3.21 0.864 2.95 0.922 0.679

Safe Environment 3.49 0.796 3.72 0.782 3.25 0.739 0.554

Attractions 2.79 0.846 2.90 0.842 2.68 0.837 1.967

Scenery 3.31 0.894 3.40 0.879 3.21 0.902 0.315

When looking at user satisfaction with the environment of Al Ittihad Park, the average
value of satisfaction for “Green Area” was the highest at 3.54 points, followed by “Shades”
at 3.53 points, “The Size of the Park area” at 3.47, “Trail Width” at 3.42, and “Trail Length”
at 3.31. This is because Al Ittihad Park is rich in natural elements such as green space and
trees, and the trail has more than 600 vernacular trees, so users can experience nature, which
is rarely obtained in city life. However, satisfaction with “Public Facility”, “Lightings” and
“Parking” was low, which could be because most users have to commute on foot from their
apartment in Palm Jumeirah due to limited parking space near the park. It is also because
of the increasing demands of Dubai residents looking for parks that are easily accessible in
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their daily lives and provide various activities and facilities. Therefore, these factors should
be reflected in the improvement of park facilities.

Table 6 shows the results of analyzing the satisfaction levels of park users for the
items related to accessibility from their residence to the park. Looking at the satisfaction
evaluation results, it was found that Bay Avenue Park users were generally more satisfied
with the surrounding environment for access than Al Ittihad Park users. This is because
Bay Avenue Park was better than Al Ittihad Park regarding the number of plantings and in-
tersections related to comfort and accessibility among the pedestrian-related environments
in the park’s attraction area. However, users’ satisfaction with “Attractions” was evaluated
as the lowest among the park surrounding environment for access, with a score of 3.04 at
Bay Avenue Park and 2.72 at Al Ittihad Park. This is due to the locational characteristics of
the two parks, which are located inside a grid-type residential block composed of high-rise
houses. It results from the lack of consideration for creating a street environment that
can revitalize the individuality and culture of the region in urban planning; thus, the
characteristic street landscape for each area has not been formed. Therefore, in future street
environment improvement projects, it is necessary to change the landscape in consideration
of regional characteristics through changes in street tree patterns. Thus, it is possible to
improve the satisfaction with the access road to the park by adding exciting sights to the
pedestrian environment and applying attractive environmental color schemes for buildings
and outdoor advertisements.

Table 6. Satisfaction of Accessibility (p < 0.05).

Category

Total Bay Avenue Park Al Ittihad Park
F

ValueMean
Standard
Deviation

Mean
Standard
Deviation

Mean
Standard
Deviation

Level of Slopes 3.78 0.888 3.92 0.933 3.64 0.819 0.153

Safe Environment 3.72 0.886 3.89 0.871 3.54 0.869 5.687

Scenery 3.53 0.896 3.73 0.857 3.33 0.893 0.391

Attractions 2.88 0.865 3.04 0.858 2.72 0.845 1.399

Tree Shades 3.44 0.934 3.46 0.913 3.43 0.957 0.356

Connectivity of Walkway 3.58 0.833 3.66 0.817 3.51 0.845 0.739

Pedestrian/Car Separation 3.63 0.868 3.76 0.890 3.50 0.826 0.151

Lightings 3.31 0.935 3.48 0.931 3.41 0.911 2.011

Car Speed 3.32 0.821 3.46 0.808 3.18 0.814 1.751

Hindrance 3.43 0.964 3.61 0.943 3.24 0.949 0.000

3.4. Factoring of Physical Environment Variables

Regarding Bay Avenue Park, factor analysis was conducted to identify the inter-
relationship among the 25 physical environmental variables related to park user satisfaction
and the intrinsic factors. If the correlation between each variable and element is low, the
reliability of the analysis may be reduced. Therefore, after factor analysis by principal
component analysis and the varimax rotation method, insignificant variables were excluded
through factor loadings.

All 25 variables showed a factor loading of ≥0.5, and the Kaiser-Meyer-Olkin (KMO)
value was high at 0.912. Bartlett’s sphericity test found no problem with fit within the
significance level of 1%. There were five extracted factors, and the cumulative explanatory
power was approximately 64.18% (Table A1).

The first factor included variables related to the safe environment of the access road,
level of slopes, lighting facilities, car speed, hindrance, and surrounding environment.
This was associated with the overall environment of the access road to the park; hence,
it was named “surrounding environment for access”. The second factor was the park’s
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size, the length and width of the trail, and the scenery. Most of the variables referred to
concepts related to the space for walking; thus, it was named “pedestrian space”. The
third factor was named “park facility” because it was related to its facilities, such as resting
places, lighting facilities, public facilities, and individual sports facilities. The fourth
factor included variables associated with the connectivity of walkways, pedestrian/car
separation, the amount of green area within the park, and the amount of shade inside and
outside the park. This concept encompassed the convenience of accessing the park and the
comfort of green spaces inside and outside the park. Thus, it was named “convenience
and comfort of the park”. The fifth factor included variables such as children’s and group
sports facilities in the park and attractions inside and outside the park. It was named the
“various attractions and activities” factor because it referred to users’ demands for various
interests and activities.

The results of the analysis of Al Ittihad Park show that factor analysis was conducted
for a total of 25 variables, except for the factor loading of 0.5 or less in the “attractions on
the access roads”. The KMO value, which indicates the adequacy of the factors, was found
to be as high as 0.885. The Bartlett sphericity test value satisfied the significance level of
0.01; therefore, the factor analysis result was statistically significant. There were a total
of five extracted factors, the eigenvalue of each factor was over 1.0, and the cumulative
explanatory power was approximately 63.09% (Table A2).

The first factor was analyzed to include children’s facilities, individual sports facilities,
sports courts, the scenery in the park, lighting facilities, parking, public facilities, and
other places in the park, and was named “park facilities”. The second factor was called
“surrounding environment for access”, It was related to the lighting facilities from the
residence to the park, pedestrian/car separation, car speed, connectivity of pedestrian
walkway, and the overall environment of the approach to the park as a hindrance. The
third factor was named “pedestrian space” because it was related to the park’s area and
the length and width of the park trail. The fourth factor included the amount of shade in
the park, access road, and beautiful scenery. It was named “green landscape” because it
is related to the provision of shade and landscape creation by greenery. The fifth factor
is associated with the access road’s safety and stability from the residence to the park,
including the slope level. It was named “safe accessibility.”

3.5. Analysis of Factors Affecting User Satisfaction

Multiple regression analysis was performed using a stepwise selection method with
the factors extracted by factor analysis as the independent variable and park use satisfaction
as the dependent variable to determine the relationship between the physical environment
and satisfaction related to park use. The tolerance values of all variables were above
0.1, and the regression model was found to be suitable (=99.566 (<0.01)). The five input
factors affected the satisfaction of using Bay Avenue Park at a significance level of 1%. The
contribution rate was 0.724, which explained 72.4% of the total variance (Table 7).

Table 7. Multiple Regression Analysis for Satisfaction with Bay Avenue Park (* = p < 0.01).

Factors

Unstandardized
Coefficients

Standardized
Coefficients t R2 F

B Standard Error Beta

Factor 1. Surrounding environment for access 0.343 0.023 0.548 14.317 *

0.723 99.564 *

Factor 2. Pedestrian Space 0.243 0.023 0.356 9.308 *

Factor 3. Park Facility 0.221 0.023 0.354 9.251 *

Factor 4. Convenience/Comfort of the Park 0.214 0.023 0.342 8.927 *

Factor 5. Various Attractions & Activities 0.154 0.023 0.244 6.391 *
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After examining standardized regression coefficient values, surrounding environment
for access, pedestrian space, park facility, convenience and comfort of the park, and various
attractions and activities appeared in that order. “Surrounding environment for access”
was analyzed to have the most significant influence on the satisfaction of using Bay Avenue
Park. The “surrounding environment for access” factor’s relative importance was about
1.5 times higher than other factors. In the case of high satisfaction with the environment,
such as Bay Avenue Park, the “surrounding environment for access” should be considered
to improve user satisfaction.

The results of the factor analysis show that rather than the improvement of the park
environment, if the safe environment, level of slopes, lightings, removal of hindrance,
and car speed on the access roads included in “surrounding environment for access” is
improved and supplemented, it will be able to enhance user satisfaction significantly.
Next, “pedestrian space”, “park facility” and “convenience and comfort of the park” were
analyzed as critical environmental factors in using the park, in that order. Given that Bay
Avenue Park users’ satisfaction with related aspects was relatively high, it is judged that
maintenance and management are necessary. In addition, in terms of “various attractions
and activities”, it is possible to improve user satisfaction by installing more facilities for
children and organizing various events to reflect users’ needs.

The results of the multiple regression analysis using each factor of Al Ittihad Park
as the independent variables are as follows. It was found that there was no problem of
multicollinearity, and the regression model was found to be suitable at 61.942. In addition,
the contribution rate of all factors was 0.627, explaining 62.7% of the total variance (Table 8).

Table 8. Multiple Regression Analysis for Satisfaction with Al Ittihad Park (* = p < 0.01).

Factors

Unstandardized
Coefficients

Standardized
Coefficients t R2 F

B Standard Error Beta

Factor 3. Pedestrian Space 0.248 0.026 0.413 9.122 *

0.626 61.941 *

Factor 4. Green Landscape 0.226 0.026 0.376 8.336 *

Factor 2. Surrounding environment for access 0.222 0.026 0.369 8.166 *

Factor 1. Park Facilities 0.210 0.026 0.349 7.736 *

Factor 5. Safe Access 0.148 0.026 0.249 5.510 *

The results of looking at the standardized regression coefficient values are as follows.
It was found that pedestrian space, green landscape, surrounding environment for access,
park facilities, and safe access affected satisfaction in that order. This is because Al Ittihad
Park has the advantage of abundant natural greenery through the promenade of more than
600 trees. Consequently, it is evaluated that the “pedestrian space” and “green landscape”
factors showed a high proportion as the determinants of satisfaction.

These results show that, in the case of urban parks with great natural environments
as significant resources such as Al Ittihad Park, it is necessary to focus on the continuous
maintenance and management of the natural environment inside and outside the park
to satisfy the urban residents’ desire to be in nature. Next, in terms of “surrounding
environment for access”, it is possible to increase user satisfaction by improving the lighting
facility on the access roads, pedestrian/car separation, car speed on the access roads, and
connectivity of walkway included in the environmental factors of Al Ittihad Park. In
terms of “park facilities”, user satisfaction was low. Therefore, the satisfaction level can be
increased by replacing and maintaining facilities.

Factor and regression analyses were performed on Bay Avenue Park and Al Ittihad
Park, and the results are as follows. The three factors of “park facilities”, “surrounding
environment for access” and “pedestrian space” appeared to be the common denominator
factors affecting user satisfaction despite the differences in the types of the two parks.
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This is an essential factor to consider, especially among various internal and external
environments related to the satisfaction of using a neighborhood park within walking or
short driving distance.

However, in Bay Avenue Park, “convenience and comfort of the park” and “various
attractions and activities” factors affected satisfaction, and in Al Ittihad Park, “green
landscape” and “safe access” factors affected satisfaction. This is considered the result of
the differences in an urban context. In other words, it is possible to improve the park by its
characteristics by enhancing the different environments for each park. In addition, it will
contribute to the improvement of user satisfaction.

4. Discussion & Conclusions

This study targeted neighborhood parks located within walking distances that have
characteristics that can be used conveniently in the daily life of Dubai residents. The results
of this empirical study on the satisfaction of park users are summarized as follows.

First, as a result of analyzing the usage behavior of the park, the standard usage time
for Bay Avenue Park and Al Ittihad Park was less than 60–90 min, and the walking/driving
time to access was about 10–20 min. For use, walking and jogging showed the highest
ratios. However, there was a difference in the frequency and duration of use.

Second, the results of the comparative analysis between the field survey on the park
environment and the satisfaction analysis results are as follows. Although the number of
facilities in the two parks was similar, Al Ittihad Park showed lower satisfaction with the
facilities than Bay Avenue Park. Therefore, we evaluate that an overall overhaul of the
Al Ittihad Park facility is required. Furthermore, users’ satisfaction with natural elements
such as green spaces, trees, and trails was high in Al Ittihad Park. Accordingly, it seems
that continuous protection and management of natural environmental resources, such as
green areas and abundant street trees, should be carried out. The items that showed low
satisfaction in both parks were “children’s facility” and “various attractions”. Despite the
recent increase in leisure activities for families with children in parks near their homes, the
facilities for this social phenomenon are insufficient. Therefore, to increase the desire of
Dubai residents to visit parks, this should be considered when improving neighborhood
park facilities within walking distance.

Third, the results of the GIS analysis by building data on the external environment
of the park are as follows. The number of pedestrian traffic lights and traffic safety signs
related to pedestrian safety and the area of sidewalks within a distance of 1 km was similar
between the two parks. However, in the pedestrian environment, the number of street trees
related to comfort and intersections related to accessibility was higher in Bay Avenue Park
than in Al Ittihad Park. The surrounding environment for access to the park was better at
Bay Avenue Park. The survey’s analysis of the surrounding environment for access shows
that satisfaction with “Scenery” was the lowest in the two parks. It resulted from lacking
considerations in urban planning for street environment creation that can preserve the
region’s individuality and culture; thus, a unique streetscape for each area has not formed.

Fourth, factor analysis was conducted for each environmental variable to analyze
the determinants that affect the satisfaction level with parks within walking or short
driving distance. The results of the multiple regression analysis of the derived factors
and satisfaction are as follows. Bay Avenue Park affects satisfaction in the surrounding
environment for access, pedestrian space, park facility, convenience and comfort of the
park, and various attractions and activities. On the other hand, Al Ittihad Park affects
satisfaction in pedestrian space, green landscape, surrounding environment for access,
park facilities, and safe access. In particular, factors such as “park facilities”, “surrounding
environment for access” and “pedestrian space” were found to affect satisfaction in both
parks commonly. It could confirm the importance of the surrounding environment for
access within the lien and the facility aspect within the park.

Thus, this study investigates the user behavior of neighborhood parks within walking
or short driving distance. Given the dramatic social changes from the unprecedented
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fast urban expansion in Dubai, neighborhood parks are becoming critically important in
enhancing the quality of life among Dubai residents. This study has academic significance
as it statistically clarifies that the surrounding environment for access is an essential factor
influencing the park users’ satisfaction. Since there are no similar cities with an unprece-
dented fast urban expansion like Dubai, Dubai has its problems. Therefore, this research
may not be transferable to other international metropolises other than urban parks in Dubai
and Abu Dhabi in U.A.E.

As described in above first to the fourth point, practical directions were presented on
which areas should be improved, maintained, and managed to improve the satisfaction
of park users such as (1) more walking and jogging tracks, (2) continuous protection and
management of natural environmental resources, such as green areas and street trees,
(3) more “children’s facility” and “various attractions” to support leisure activities, and
(4) the urban planning for a unique streetscape that can preserve the individuality and
culture of the region.

The scope of the target parks limits the study, and thus it could not deal with the types
and characteristics of various neighborhood parks within walking distance. In addition, the
study had a limited investigation period, and detailed factors related to the surrounding
environment for access were not evaluated. Moreover, the limitation of this study is only
focusing on the users’ satisfaction with the physical environments. Therefore, future study
should focus more on the analysis of the relationship between physical characteristics such
as spatial characteristics such as size, number, and distance to the park, infrastructure,
and environmental components and qualitative factors such as health, community, and
satisfaction with life to recover from stress and fatigue, encourage the physical activity,
and facilitation of social contact. Besides the park survey, the analysis method could be
enriched with the online comments data.

For the future planning of urban parks in Dubai, including the government policy,
vision, and urban planning implementation, this research can be used as primary data for
improving parks towards a more greening cities approach by conducting research on more
diverse types of parks in the future, greening strategies, and detailing surrounding environ-
ment for access factors, such as the width of sidewalks and types of pavement materials.
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Appendix A

Table A1. Result of Factor Analysis for Satisfaction with Bay Avenue Park.

Variables
Factors

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Safe Environment 0.788 0.206 0.104 0.109 0.192

Level of Slopes 0.756 0.217 0.046 0.184 0.174

Lightings on the Access Roads 0.668 −0.021 0.381 0.283 0.076

The hindrance on the Access Roads 0.628 0.123 0.291 0.149 −0.011

Car Speed on the Access Roads 0.612 0.093 0.312 0.381 0.078

The scenery on the Access Roads 0.521 0.359 −0.120 0.220 0.344

The Size of the Park 0.128 0.818 0.179 0.115 0.076

Trail Length 0.283 0.747 0.278 0.087 0.031

Trail Width 0.105 0.742 0.044 0382 0.088

Parking 0.092 0.595 0.334 0.005 0.222

The scenery in the Park 0.172 0.545 0.215 0.383 0.354

Public Facility 0.082 0.182 0.688 0.297 0.163

Lighting Facility 0.316 0.223 0.675 0.183 −0.022

Children’s Facility 0.170 0.331 0.616 0.021 0.265

Sports Facility 0.214 0.236 0.563 0.091 0.346

Safe Environment 0.342 0.182 0.555 0.293 0.199

Connectivity of Walkway 0.308 0.121 0.102 0.681 0.209

Green Area 0.135 0.381 0.205 0.679 0.000

Tree Shades in Sidewalk 0.349 0.080 0.132 0.666 0.242

Shades in the Park 0.261 0.347 0.337 0.657 0.013

Pedestrian/Car Separation 0.486 0.056 0.128 0.576 0.210

Sports Facility 0.044 0.324 0.186 0.060 0.685

Sports Court 0.218 0.067 0.502 0.074 0.608

Attractions on the Access Roads 0.253 −0.068 0.079 0.344 0.586

Attractions in the Park 0.114 0.455 0.323 0.201 0.521

Eigenvalue 4.309 3.591 3.262 3.258 2.262

Percentage of Variance (%) 16.573 13.813 12.547 12.537 8.703

Cumulative Variance (%) 16.573 30.388 42.937 55.476 64.181

Sampling Adequacy by KMO
Measure 0.912

Bartlett’s Test of Sphericity p = 0.000
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Table A2. Result of Factor Analysis for Satisfaction with Al Ittihad Park.

Variables
Factors

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Children’s Facility 0.818 −0.078 0.071 0.040 0.052

Sports Facility 0.699 0.130 0.073 0.307 −0.177

Sports Court 0.672 −0.002 0.204 0.214 0.033

Attractions in the Park 0.651 0.086 0.122 0.216 0.028

Lighting Facility 0.634 0.297 0.118 0.095 0.111

Parking 0.564 0.134 0.330 −0.264 0.138

Public Facility 0.558 0.043 0.204 0.175 0.398

Resting Place 0.527 0.118 0.452 0.134 0.234

Safe Environment 0.509 0.093 0.302 0.176 0.354

Lightings on the Access Roads 0.222 0.808 0.041 0.077 0.085

Pedestrian/Car Separation −0.078 0.753 0.271 0.265 0.078

Car Speed on the Access Roads 0.125 0.698 0.095 0.094 0.280

Connectivity of Walkway 0.042 0.598 0.189 0.432 0.042

The hindrance on the Access Roads 0.080 0.532 0.354 0.053 0.452

The scenery on the Access Roads 0.053 0.510 0.324 0.124 0.453

The Size of the Park 0.249 0.161 0.796 0.203 0.092

Trail Length 0.265 0.217 0.765 0.164 0.015

Trail Width 0.296 0.261 0.757 0.214 0.038

Tree Shades in Sidewalk 0.182 0.292 0.053 0.723 0.193

Shades in the Park 0.205 0.102 0.346 0.631 0.304

Green Area 0.199 0.068 0.396 0.625 0.297

The scenery in the Park 0.425 0.114 0.244 0.605 0.004

The scenery on the Access Roads 0.242 0.378 0.076 0.535 0.292

Safe Environment 0.119 0.254 0.081 0.209 0.712

Level of Slopes 0.010 0.246 −0.097 0.424 0.668

Eigenvalue 4.286 3.302 3.041 2.948 2.186

Percentage of Variance (%) 17.151 13.211 12.173 11.801 8.749

Cumulative Variance (%) 17.151 30.363 42.538 54.338 63.091

Sampling Adequacy by KMO
Measure 0.885

Bartlett’s Test of Sphericity p = 0.000

References

1. Jung, C.; Awad, J. The improvement of indoor air quality in residential buildings in Dubai, UAE. Buildings 2021, 11, 250. [CrossRef]
2. Knoema. United Arab Emirates—Gross Domestic Product in Current Prices. 2021. Available online: https://knoema.com/atlas/

United-Arab-Emirates/GDP (accessed on 2 July 2021).
3. World Population Review. Dubai Population, 2021–2. 2021. Available online: https://worldpopulationreview.com/world-cities/

dubai-population (accessed on 16 June 2021).
4. Giuffrida, N.; Le Pira, M.; Inturri, G.; Ignaccolo, M.; Calabrò, G.; Cuius, B.; Pluchino, A. On-demand flexible transit in fast-growing

cities: The case of Dubai. Sustainability 2020, 12, 4455. [CrossRef]
5. Zaidan, E.; Kovacs, J.F. Resident attitudes towards tourists and tourism growth: A case study from the Middle East, Dubai in the

United Arab Emirates. Eur. J. Sustain. Dev. 2017, 6, 291. [CrossRef]

346



Sustainability 2022, 14, 3460

6. Ryan, C.; Ninov, I. Dimensions of destination images—The relationship between specific sites and overall perceptions of place:
The example of Dubai Creek and “Greater Dubai”. J. Travel Tour. Mark. 2011, 28, 751–764. [CrossRef]

7. Bodolica, V.; Spraggon, M.; Saleh, N. Innovative leadership in leisure and entertainment industry: The case of the UAE as a global
tourism hub. Int. J. Islamic Middle East. Financ. Manag. 2020, 13, 323–337. [CrossRef]

8. Jung, C.; Awad, J.; Sami Abdelaziz Mahmoud, N.S.A.; Salameh, M. An analysis of indoor environment evaluation for the Springs
development in Dubai, UAE. Open House Int. 2021, 46, 651–667. [CrossRef]

9. Khan, M.S.; Woo, M.; Nam, K.; Chathoth, P.K. Smart city and smart tourism: A case of Dubai. Sustainability 2017, 9, 2279.
[CrossRef]

10. Aram, F.; Solgi, E.; Garcia, E.H.; Mosavi, A. Urban heat resilience at the time of global warming: Evaluating the impact of the
urban parks on outdoor thermal comfort. Environ. Sci. Eur. 2020, 32, 117. [CrossRef]

11. Lin, B.B.; Fuller, R.A.; Bush, R.; Gaston, K.J.; Shanahan, D.F. Opportunity or orientation? Who uses urban parks and why?
PLoS ONE 2014, 9, e87422. [CrossRef]

12. Rigolon, A. A complex landscape of inequity in access to urban parks: A literature review. Landsc. Urban Plan. 2016, 153, 160–169.
[CrossRef]

13. Tempesta, T. Benefits and costs of urban parks: A review. Aestimum 2015, 67, 127–143.
14. Larson, L.R.; Jennings, V.; Cloutier, S.A. Public parks and wellbeing in urban areas of the United States. PLoS ONE 2016, 11,

e0153211. [CrossRef] [PubMed]
15. Loughran, K. Urban parks and urban problems: An historical perspective on green space development as a cultural fix. Urban

Stud. 2020, 57, 2321–2338. [CrossRef]
16. Rigolon, A.; Browning, M.; Jennings, V. Inequities in the quality of urban park systems: An environmental justice investigation of

cities in the United States. Landsc. Urban Plan. 2018, 178, 156–169. [CrossRef]
17. Alawadi, K.; Benkraouda, O. The debate over neighborhood density in Dubai: Between theory and practicality. J. Plan. Educ. Res.

2019, 39, 18–34. [CrossRef]
18. Awad, J.; Jung, C. Extracting the Planning Elements for Sustainable Urban Regeneration in Dubai with AHP (Analytic Hierarchy

Process). Sustain. Cities Soc. 2022, 76, 103496. [CrossRef]
19. Elsheshtawy, Y. Where the sidewalk ends: Informal Street corner encounters in Dubai. Cities 2013, 31, 382–393. [CrossRef]
20. Denley, D. Reinventing the public Park- The block in Dubai. Landsc. Archit. Front. 2019, 7, 134–146. [CrossRef]
21. Jang, K.M.; Kim, J.; Lee, H.Y.; Cho, H.; Kim, Y. Urban green accessibility index: A measure of pedestrian-centered accessibility to

every Green Point in an urban area. ISPRS Int. J. Geoinf. 2020, 9, 586. [CrossRef]
22. Alipour, S.M.H.; Galal Ahmed, K.G. Assessing the effect of urban form on social sustainability: A proposed “Integrated Measuring

Tools Method” for urban neighborhoods in Dubai. City Territ. Archit. 2021, 8, 1. [CrossRef]
23. Alawadi, K. Place attachment as a motivation for community preservation: The demise of an old, bustling, Dubai community.

Urban Stud. 2017, 54, 2973–2997. [CrossRef]
24. Cohen, D.A.; Han, B.; Nagel, C.J.; Harnik, P.; McKenzie, T.L.; Evenson, K.R.; Katta, S. The first national study of neighborhood

parks: Implications for physical activity. Am. J. Prev. Med. 2016, 51, 419–426. [CrossRef] [PubMed]
25. Moulay, A.; Ujang, N.; Said, I. Legibility of neighborhood parks as a predicator for enhanced social interaction towards social

sustainability. Cities 2017, 61, 58–64. [CrossRef]
26. Furlan, R.; Sinclair, B.R. Planning for a neighborhood and city-scale green network system in Qatar: The case of MIA Park.

Environ. Dev. Sustain. 2021, 23, 14933–14957. [CrossRef]
27. Park, Y.; Rogers, G.O. Neighborhood planning theory, Guidelines, and Research [Guidelines], and research: Can area, population,

and boundary guide conceptual framing? J. Plan. Lit. 2015, 30, 18–36. [CrossRef]
28. Park, K. Park and neighborhood attributes associated with park use: An observational study using unmanned aerial vehicles.

Environ. Behav. 2020, 52, 518–543. [CrossRef]
29. Miyake, K.K.; Maroko, A.R.; Grady, K.L.; Maantay, J.A.; Arno, P.S. Not just a walk in the park: Methodological improvements

for determining environmental justice implications of park access in New York City for the promotion of physical activity.
Cities Environ. 2010, 3, 1–17. [CrossRef] [PubMed]

30. Xiao, Y.; Wang, Z.; Li, Z.; Tang, Z. An assessment of urban park access in Shanghai–Implications for the social equity in urban
China. Landsc. Urban Plan. 2017, 157, 383–393. [CrossRef]

31. Roberts, H.; Kellar, I.; Conner, M.; Gidlow, C.; Kelly, B.; Nieuwenhuijsen, M.; McEachan, R. Associations between park features,
park satisfaction and park use in a multi-ethnic deprived urban area. Urban For. Urban Green. 2019, 46, 126485. [CrossRef]
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Abstract: There is rising scholarly and political interest in participatory budgets and their potential to
advance urban sustainability. This article aims to contribute to this field of study through the specific
lens of the city of Lisbon’s experience as an internationally acknowledged leader in participatory
budgeting. To this end, the article critically examines the lessons and potential contribution of the
Lisbon Participatory Budget through a multimethod approach. Emerging trends and variations of
citizen proposals, projects, votes, and public funding are analysed in tandem with emerging key topics
that show links and trade-offs between locally embedded participation and the international discourse
on urban sustainability. Our analysis reveals three interconnected findings: first, the achievements of
the Lisbon Participatory Budget show the potential to counteract the dominant engineered approach
to urban sustainability; second, trends and variations of the achievements depend on both citizens’
voice and the significant influence of the city council through policymaking; and, third, the shift
towards a thematic Green Participatory Budget in 2020 was not driven by consolidated social and
political awareness on the achievements, suggesting that more could be achieved through the 2021
urban sustainability oriented Participatory Budget. We conclude recommending that this kind of
analysis should be systematically carried out and disseminated within city council departments,
promoting much needed internal awareness of PBs’ potential as drivers of urban sustainability. We
also identify further research needed into the sustainability potential of green PBs.

Keywords: participatory budget; urban sustainability; European green capital; European green
deal; Lisbon

1. Introduction

In the last few decades, spreading scepticism towards democratically elected govern-
ments and their institutions, along with a shared need to improve democratic decision-
making, has convinced public authorities to promote participatory processes in policy
making [1,2]. At the end of the 1980s, a particular category of participatory practices came
to the fore: Participatory Budgets (PB hereafter). Initiated in Latin America, PBs provided
new impetus to participatory processes by allocating a share of the local public budget to
citizen-led initiatives. While aiming to get the most marginalised groups of civil society
closer to democratic institutions and representatives, PBs were celebrated by movements
and parties on the left of the political spectrum for their capacity to foster social justice,
transparency, and accountability [3,4]. During the 1990s and 2000s, international agencies
such as the World Bank, United Nations, Organisation for Economic Cooperation and De-
velopment, and European Union endorsed the PB for its potential to recover citizenry trust
towards democracy. The magnitude of its dissemination reached the five continents, with
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higher rates in Latin America and Europe [5]. The disruption of the Covid-19 pandemic,
however, has had major impacts over the implementation of participatory processes in
general and PBs in particular, as public authorities were required to prioritise immediate
responses to the global contagion of the coronavirus, at the expense of PB projects [6].

In 2019, Portugal was the European country with the highest rate of local PBs im-
plemented out of a national legal framework [5]. The enthusiasm around the PB dates to
the early 2000s and then grew exponentially after the Lisbon PB in 2008/2009 [7], which
marked the first city-wide PB implemented by a European capital and introduced a new
model of direct participation. Citizens have since been invited to submit and vote ideas for
public funding in all policy domains, including urban sustainability within the thematic
area “environment, green structure, and energy”. However, only in 2020 did a more explicit
and tangible link emerge between Lisbon’s PB and urban sustainability. As Lisbon received
the European Green Capital Award (EGCA hereafter) and subsequently announced the
launch of a Green PB, it raised great interest worldwide. This promising turn of events and
of policy attention towards more sustainable urban agendas was shaken by the global pan-
demic (Covid-19), yet, as we will see, the city council strove to keep its political promise to
shift the thematic focus of the PB towards urban sustainability, incorporating the European
Green Deal into the 2021 version of the Lisbon PB.

The recent global pandemic has added to the already abundant calls for greater atten-
tion to the health of ecosystems and to the negative impacts of rapid urbanisation and of
cities on local and global sustainability [8,9]. Two notable trends seem relevant here: first,
the growing role of cities in national and international agreements promoting sustainability
(see Sustainable Development Goal 11, UN General Assembly 2015) and related agendas
for climate mitigation and adaptation, and reducing biodiversity loss [10]; second, the
growing demand for nature-based solutions which identifies the participation of citizens
and businesses as key [11,12]. Hence, this article aims to contribute to the participatory
dimension of urban sustainability agendas through the specific lens of participatory bud-
gets, by asking what the lessons and potential contribution of the Lisbon PB experience are
in advancing urban sustainability. To this end, we first describe the key concepts for our
inquiry into participatory budgeting and urban sustainability, by then focusing on the case
study of Lisbon’s accumulated experience of 11 PB editions and its ongoing thematic shift
towards a Green PB in 2020, followed by a “sustainability-oriented” PB in 2021. After pre-
senting our mixed-method approach based on the analysis of grey literature, of statistical
data on the 11 PB editions, and of four semi-structured interviews with key local actors, we
discuss our findings by highlighting emerging trends and variations throughout Lisbon’s
PB experience. This analysis allows us to identify the most common urban sustainability
topics proposed by citizens. We will show that the Lisbon PB has had remarkable success
in attracting citizen proposals and funding projects in key areas of urban sustainability,
covering topics that often go beyond the more technocratic focus on green spaces and in-
frastructure present in international agendas of climate change and biodiversity loss. We go
on to argue that PB achievements are to be understood within the context and framework
of the public agendas set by city councils, as these influence trends and variations within
the PB program. We also found that the pursuit of pedagogical and instrumental purposes
in shifting towards a thematic PB is based on a rather weak evidence-based awareness
about the PB’s contribution in this field. We conclude by recommending that this kind
of analysis should be systematically carried out and disseminated within city council
departments, promoting much needed internal awareness of PBs’ potential as driver of
urban sustainability. We also identify further research needs regarding the sustainability
potential of green PBs.

2. Conceptual Framework: Urban Sustainability and Citizen Participation

Since the origins of the concept of sustainable development based on the balance
between ecological sustainability and human needs, the urban dimension has been a sig-
nificant part of the global debate. Already the Brundtland Report of 1987 referred to “the
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urban challenge” by addressing extreme forms of urbanisation as associated with growing
social and environmental problems [13]. However, whereas initially cities tended to be
considered mainly as hotspots of environmental hazards, and still are [14], the idea of urban
sustainable development nonetheless gained momentum, as urban governments became
increasingly seen as drivers of positive change. In the last few years, local governments
have sought to implement policies to reduce their ecological footprint and gained interna-
tional projection [15] for being considered an appropriate administrative level to enable
changes in everyday structures and behaviours in the face of global climate change. Hence,
sustainability processes are nowadays often analysed on city level, linking environmental
improvements to local economic development [16,17].

This trend culminated in 2015 with the inclusion of a specific “urban” goal in the
17 Sustainable Development Goals [18], which re-energised the momentum initiated with
the Rio Conference in 1992 [19], and the more recent UN New Urban Agenda in 2017 [20].
SDG 11 addresses the challenges faced within urban contexts, while going “far beyond the
typical focus on housing and slum upgrading” ([21], p. 94) to also include targets related
to climate resiliency, waste management, public space, mobility systems, and, ultimately,
forms of participatory planning. Nonetheless, the concept of urban sustainability is often
criticized for being an oxymoron [22], not addressing the inevitable trade-offs between the
environmental, economic, and social dimensions of sustainability [23,24]. The essence of
this critique lays in the fact that urban sustainability itself falls short to define what is to be
sustained, by whom, and for whom [25].

While the understanding of urban sustainability can range from approaches focusing
mostly on the environmental dimension towards others prioritising social justice and
well-being [24], the human dimension has gained a more prevalent role during the 1990s.
“Social sustainability” has since been evoked to highlight the interdependence between
social, economic, and environmental goals [25,26] with a growing concern towards policies
aiming to eradicate poverty and social exclusion [26]. In this regard, the need to mitigate
environmental hazards is increasingly being linked to calls for wider citizen participation,
in order to provide local communities with new conditions to improve their quality of
life [27]. Experiments of co-design and co-production of knowledge [28] through trans-
disciplinary practices [29] have further allowed delving into the contested character of
urban sustainability. In addition, international agencies have equally emphasised the role
of public participation in creating a shared vision of cities’ future by ensuring the inclusion
of different social groups [30].

Scholars contend that the development of participatory processes with citizens pro-
vides evidence for effectively supporting environmental policies and reducing the risk of
future backlashes [31]. As residents have a chance to shape the development of their neigh-
bourhood or city, solutions are likely to be more aligned to local needs and aspirations [32],
as shown in seminal experiences under the “Global Agenda 21” [19]. In some cases, partici-
patory initiatives create new opportunities for partnerships in the management of specific
projects [33–35] either led by public agencies or grassroots groups [36,37], and possibly de-
velop into more extensive sustainability programmes [38]. When participation is prompted
for the strategic planning of green infrastructures and services [35,39,40], new links can be
created among ecological, economic, and societal elements of urban sustainability [41].

Acknowledging the potential of citizen participation for urban sustainability, Hay-
ward [42] suggests looking at participatory processes through the lenses either a deliber-
ative or participatory approach. The former aims at giving the opportunity to a selected
poll of citizens to reflect on socio-ecological and human systems [43]. In this type of
settings, citizens are asked to construct a new ecological rationality [44], possibly reliant
upon multiple governance arrangements [45]. In some cases, deliberative initiatives also
engage experts to foster the public debate with citizens, although this may raise concerns
as to the growing distrust towards science and political power in green thinking [46,47].
Participatory approaches are rather concentrated on the sharing of power among multiple
agents and are more frequently open to the participation of all citizens [48]. Along with
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participatory experiences in the field of urban planning [49], the PB is the most known
participatory process that encompasses mechanisms aimed at collecting proposals from
citizens and allocate public funding for their implementation [50]. However, while the
uptake of PBs worldwide has been significant, little is known about its actual contribution
to advance urban sustainability.

In a recent publication, Cabannes [51] notes that there are few internationally doc-
umented PBs that have put environmental issues at the centre of the public debate. Yet
those that have done so have shown a promising potential to bridge public debates with
concrete actions on climate change. Scholars hold, in fact, that funding community projects
through the PB provides citizens with greater know-how in taking the lead of environ-
mental projects [52], as well as higher degrees of control over service delivery and goals
of redistributive justice [53]. Other scholars, however, cast light on potential risks, as
PBs may incorporate the urban sustainability agenda because of budget cuts imposed
on local authorities, particularly in the aftermath of the financial crisis [34], resonating
with those who claim that the welfare state has been significantly narrowed, especially
in the peripheral Eurozone [54]. The question on whether PBs can contribute to advance
urban sustainability, thus, remains open, as evidence is needed to substantiate hopes and
promises about its potential.

3. The Lisbon Participatory Budget

Portugal was one of the most affected countries of the 2008 financial crisis in Europe,
eventually entering an international bailout provided by the International Monetary Fund
together with the European Bank and the European Commission from 2011 to 2014. Like in
other peripheral Eurozone member states, budgetary cuts imposed on local authorities were
significant [55], which led policymakers to search for innovative and effective mechanisms
of participatory governance. Likewise, the first Lisbon PB in 2008/2009 gave citizens the
possibility to submit and vote project ideas across all policy domains. Over the last decade,
the Lisbon PB was run based on a yearly cycle with a dedicated budget of 5 million euros in
the first editions, later cut to 2.5 million in 2012, which, according to the city council, was a
direct consequence of the austerity measures. The Lisbon PB was the first PB implemented
on a municipal scale by a European capital, having a major impact over the dissemination
of PBs in Portugal and reverberation at the international level [7,56].

Available data show that from 2008 to 2018 the PB has received a total number
of 2073 proposals from citizens: 139 out of them were funded based on citizen voting,
which covered slightly more than a 36-million-euro budget. Today, the Lisbon PB is
one of the longest-running PBs in the country and has recently been awarded as the
best 2020 participatory practice by the national network of participatory city councils
in Portugal (More information at: https://op.lisboaparticipa.pt/, accessed on 12 June
2021). Some scholars have pointed out how the Lisbon PB has contributed to advance
urban sustainability, as distinguished by van der Jagt and colleagues [34] in their extensive
analysis of 20 cities in 14 EU-countries. Buijs and colleagues [57] similarly suggest that
the Lisbon PB provided new conditions for citizens to influence the decision-making and
improve their understanding of the implications of urban sustainability, based on the many
sustainability-oriented projects funded through the PB, such as paths, parks, gardens,
and ecological corridors. “The success in Lisbon is that citizen concern for their urban
environment was captured by the L-PB [Lisbon PB] process. It may also be the case that
the L-PB process increased awareness of the relevance of green to the public” [57] (p. 42).

In 2019, a collaboration between the Lisbon city council and the European agency
Climate KIC led to a trial of a PB for schools, dedicated to encouraging the participation
of youngsters in sustainability projects [51]. At the same time, the creation of a PB Green
Seal aimed at recognising PB proposals with a focus on urban sustainability. These actions
can be considered as a proxy to the forthcoming 2020 Green PB, announced by the Mayor
in October 2019 in light of the 2020 European Green Capital Award (EGCA)—the first
time a capital city from a Southern-European country received this award (The European
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Green Capital Award is an initiative launched in 2008 by the European Commission to
celebrate and recognize cities’ achievements in terms of urban sustainability and to provide
role-models for other European cities. Any city government can apply for the award by
submitting an application, and every year a jury selects one city for its efforts and consistent
record of high environmental standards. The award is meant to serve as a platform for
policy-sharing and inspiration, as the European Green Capital shares its best-practices
and experience with other cities. More information about the European Green Capital
Award: https://ec.europa.eu/environment/europeangreencapital/winning-cities/2020
-lisbon/, accessed on 5 May 2021). The Green PB was one of the various actions planned
for 2020, together with tree-planting programs, the (re)opening of a (renewed) public
green space each month of the year, and the implementation of a reduced-emissions-
zone in Lisbon’s downtown. The Green PB was understood as the first PB of its kind,
despite other cities having invested in similar programs, as in the case of Lublin (Poland),
Brussels (Belgium), Odemira (Portugal), and Matz and Bordeaux (France). However,
neither embraced urban sustainability as an exclusive thematic focus or made available
full information regarding procedures and outputs.

Since the Covid-19 pandemic eventually forced the Lisbon city council to suspend the
Green PB in 2020, the 2021 edition went on to recover and enhance the intention to shift
towards a thematic PB. This time, the Lisbon PB is oriented to promote urban sustainability
as framed within the recently-issued European Green Deal and its several action areas. In
addition, the 2021 PB added one specific thematic area concerning physical and mental
health as well as sport, to encourage citizen proposals in response to the impacts of the
pandemic and support the as agenda linked to the European Capital of Sport. Given its
scope, the PB shows a significant capacity to readapt its design to dramatic contingencies
and build on the international debate on sustainability. Despite the ongoing crisis, and
going beyond the PB, the city intends to implement significant environmental changes to
ensure sustainable land use, green infrastructure, and water management. As enshrined
in the 2012 Lisbon master plan and later highlighted by the Lisbon’s Action Plan for
Biodiversity published in 2015, the city aims to expand its green infrastructure by over
200 hectares and create linkages between different green areas through so-called green
corridors. In the last few years, the city has invested in developing a more sustainable
mobility system based on public transport and cycle networks and has become involved in
climate change adaptation and mitigation, culminating into the publication of its Strategy
for Climate Change Adaptation in 2017 with a strong commitment to reducing greenhouse
gas emissions.

4. Methodology

Our interest was raised by the combination of the international achievements of Lisbon
in the fields of participatory budgeting and urban sustainability, which culminated in the
announcement of the Green PB in 2020, followed by the 2021 sustainability-oriented PB
edition framed within the European Green Deal. Our research asked what the lessons and
potential contributions are of the Lisbon PB experience in advancing urban sustainability,
and specifically seeks to understand its contribution throughout the past 11 editions. In
addition, we ask whether its thematic shift towards sustainability relied upon a shared
understanding of its achievements. To this end, we analysed the past 11 PB editions by
means of a mixed-method approach, as synthetised in the Table 1 below.

Firstly, we conducted an analysis of the policy documents produced on the integration
of urban sustainability agenda into the Lisbon PB. We took into account three primary
sources: (i) the PB “Charter of Principles” issued in 2008, which has guided this process
thus far; (ii) the yearly evaluation reports of each one of the 11 PB editions, available
on the city council’s website; and (iii) the Lisbon application to the EGCA, including its
evaluation by the evaluation board. The analysis was conducted between April 2018 and
September 2020 to provide a focussed overview of the main arguments posed by the official
policy discourse.
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Table 1. Methods and goals.

Methods Goals

Analysis of grey literature. Provide a comprehensive understanding of the
official policy discourse on the Lisbon PB

Quantitative and qualitative data analysis
of past PB editions (or statistical analysis)

Provide an evidence-based overview of the
11 PB editions

Expert interviews Provide complementary data from situated
knowledge of key actors

Secondly, we collected and analysed data on all citizen proposals selected for public
voting and funded projects in the PB from 2008/2009 to 2018. We focussed on proposals and
projects listed in one of the nine thematic areas defined by the PB, namely, “environment,
green structure, and energy”. This is due to the fact that, according to our conceptual
framework, this theme condenses the main tenets of the urban sustainability agenda.
Data collection was based on the systematic consultation of the PB website, oriented by
a twofold purpose: on a quantitative stance, we aimed to draw a comprehensive picture
of trends and variations of proposals submitted by citizens, citizen votes to the proposals,
winning projects (i.e., proposals to be implemented as a result of citizens’ voting), and
public funding allocated for the implementation of projects. On a qualitative stance, we
aimed to make sense of the thematic area by analysing the content of citizen proposals by
identifying emerging key topics.

Thirdly, we interviewed four key actors to account for their personal perspectives on
PB and the urban sustainability agenda in Lisbon. Interviews were conducted with the
advisor in charge of the KIC Climate for the design of the Lisbon Green Seal and the PB for
schools; the head of the municipal direction for participation; the PB coordinator; and an
internal advisor to the municipal councillor for environment, green structure, climate, and
energy who coordinated the Lisbon EGCA application.

5. Findings

Findings are presented below by following the same order of the section above.
Accordingly, we first examine findings from the document analysis; secondly, we delve
into the data retrieved from the consultation of the 11 PB editions; and, lastly, we highlight
the main arguments provided by our four interviewees.

5.1. Document Analysis

The PB “Charter of Principles” is meant to guide the implementation of the PB
according to eight propositions: (i) to promote participatory democracy as issued by
the Portuguese Constitution; (ii) to foster the following goals: active citizenship, civic
education, policy responsiveness, and transparency; (iii) to share power with citizens by
giving them the opportunity to propose and vote new public measures; (iv) to multiply
channels of participation, both face-to-face and online to ensure its reach; (v) to organise
the PB through sequential steps on a yearly basis; (vi) to make available and accessible
information related to the PB; (vii) to be accountable on the implementation of projects;
(viii) to monitor and assess the PB in order to adapt the process to emerging needs. This
chart provides the political and administrative framework to enhance the city council’s
capacity to learn from citizens’ input and provide them with a voice into decision making
through the PB. Considering these eight propositions, the analysis of the yearly PB reports
shows the impacts of political decisions over the institutional design of this process, which
demonstrates a great adaptative nature to the local sociopolitical setting.

The PB reports permit providing insights on the most remarkable changes, such as
the reduction of the budget from 5 million to 2.5 million euros in 2012 (and still in place).
While no public information is made available on the budgetary weight of the PB since
2008, it is possible to collect data from the 2019 PB, which represents around 0.4% of
public investment in the city budget. Considering the remarkable cut operated in 2012
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and the inflating economy of Lisbon in the last few years, these data are likely to have
sensibly changed over time. Allegretti and Antunes [56] argue, in fact, that up to the 2012
cut, the Lisbon PB corresponded to 5.4% of the investment capacity of the municipality.
Nevertheless, this change did not affect the participation of citizens in significant ways,
as shown in the analysis described below. Moreover, in 2021, new criteria for the spatial
distribution of citizen proposals were introduced. Proposals have since been divided
into city-wide (up to 500.000 euros each) and neighbourhood-based proposals (up to
150.000 euros each), which is expected to better respond to citizens’ needs according to
the implementation scale of the projects. The analysis of the PB reports further informs
on changes adopted in the channels of participation, as the first two PB editions were
run online only, followed by a mixed face-to-face and online version from 2010 onwards.
Provided with multiple channels, the PB was expected to improve its reach in the city
and include citizens via local meetings, and online through the PB official website. These
changes were in place until the 2018 PB edition.

The growing importance of the PB as a key space for citizen engagement motivated
the city council to emphasize its potential in its application to the ECGA, stressing its role
in five out of the twelve indicators of the application form: sustainable mobility, sustainable
land use, noise, green growth and eco-innovation and governance(The complete list of
topics is: climate change mitigation, climate change adaptation, sustainable urban mobility,
sustainable land use, nature and biodiversity, air quality, noise, waste, water, green growth
and eco-innovation, energy performance, and governance. The Lisbon application to EGCA
was scored high in the indicators of sustainable mobility, sustainable land use and green
growth, while it did not score particularly well on the indicators for governance (4 out of
12) and noise (6 out of 12). The PB was mostly presented as a flagship of public decision
making, however, without providing further details on the sustainability-oriented projects
funded through the PB—despite its clear contribution to the development of green spaces
and cycle infrastructure. The evaluation board recognised the PB as a “very well established
[practice], with over €31 million allocated over the past 10 years” [58] (p. 45). The board
further appreciated the reference to citizen participation in eco-innovation, as the city owns
a set of “[c]lear and concise policy driven plans involving citizens, universities, businesses
and foreign partners” [58] (p. 43). Yet, the board contended that it is not always clear which
citizens are involved and how, nor what plans are being prepared for the future.

5.2. Data Analysis

To better understand the potential disclosed by the PB in this field, we collected data
on the thematic area “environment, green structure, and energy” from 2008 to 2018, and
focussed on four items: citizens’ proposals; votes; projects; and public funding. The figure
below puts together findings from the analysis made per PB edition (for more detailed
information, see Table A1 in Appendix A). An overview of the emerging trends shows
that 38% of citizen proposals were submitted in the selected thematic area, while around
27% of the projects were eventually funded in this thematic area. Data about the volume
of votes show that around 18% were made by citizens for projects in this thematic area
(n = 54863), which corresponded to slightly more than 16 million euros allocated for their
implementation (around 44% of the overall budget, slightly less than 36 million euros).

Figure 1 elucidates the relatively large amount of budget allocated to this field, with a
considerable peak at the very beginning of the PB in the city, as the first PB holds a primacy
in all rates. The visible drop down in 2012 may be explained by the remarkable changes
made in that year, as a response to the financial crisis. Nevertheless, the drop contrasts
with a relatively high rate of proposals (36%) pointing to the significant citizens’ interest in
the implementation of projects within the thematic area despite the budgetary cut operated
in that year. The increase of projects and funding allocated to their implementation in 2016
opposes to the decrease in the number of proposals, which has persisted in 2017 and 2018.
To provide a more substantive explanation of these trends and variations, we analysed
the 785 citizen proposals selected from 2008 to 2018 in the thematic area. Our goal was to
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better understand the emerging topics related to urban sustainability by disaggregating
the official classification of the thematic area. Accordingly, we identified eight key topics:

• Topic 1 ‘city/neighbourhood’: promotion of green initiatives at the neighbourhood
and/or city level;

• Topic 2 ‘recovery’: regeneration and green recovery of streets, squares, and public
spaces;

• Topic 3 ‘gardens’: improvement and/or creation of new parks and gardens for all
and/or for children;

• Topic 4 ‘farming’: creation of new urban farming and gardening;
• Topic 5 ‘mobility’: promotion of sustainable mobility;
• Topic 6 ‘animals’: animal protection;
• Topic 7 ‘energy’: sustainable energy (e.g., street led lighting);
• Topic 8 ‘pollution’: combat air and noise pollution.

Figure 1. Percentages of proposals, votes, projects, and funding in the “environment, green structure, and energy” thematic
area of the Lisbon PB from 2008 to 2018. Data source: Lisbon city council (http://op.lisboaparticipa.pt, accessed on 12
June 2021).

The eight key topics help characterise both qualitatively and quantitatively the most
frequent aspects considered by citizens. Figure 2 below shows the rates of citizen proposals
per key topic, while extended information about proposals and projects can be found in
Table A2 in Appendix B.

The content analysis of citizens’ proposals suggests that some topics hold greater
consistency, despite the rise and decline of others, as in the case of the first five topics and
topic 7 ‘energy’. Topics 1 ‘city/neighbourhood’, 2 ‘recovery’, and 3 ‘gardens’ are significant
throughout the PB editions, the latter peaking in 2016. In contrast, topics 7 ‘energy’ and
8 ‘pollution’ show the lowest rates overall. The inversely proportional relation between
topic 3 ‘gardens’ and topic 2 ‘recovery’ is substantiated by the former taking over from the
decrease of the latter. Moreover, topics 6 ‘animals’ and 8 ‘pollution’ increased considerably
in the last PB editions, whereas topics 5 ‘mobility’ (absent in 2017 and 2018 editions),
4 ‘farming’ and 7 ‘energy’ (absent in the 2018 edition) decreased significantly. To better
understand the magnitude of each key topic, we also collected data about the votes made
by citizens and the allocated public funding for the implementation of projects from 2008
to 2018 (Table 2).
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Figure 2. Percentages of citizen proposals per key topic in the “environment, green structure, and energy” thematic area of
the Lisbon PB from 2008 to 2018. Data source: Lisbon city council (http://op.lisboaparticipa.pt, accessed on 12 June 2021).

Table 2. Votes and public funding allocated per key topic in the “environment, green structure, and
energy” thematic area of the Lisbon PB from 2008 to 2018.

Key Topic
Proposals

(2008–2018)
Projects

(2008–2018)
Votes

(2008–2018)
Funding

(2008–2018)

1
‘city/neighbourhood’ 163 3 5298 1,800,000 euros

2 ‘recovery’ 223 9 6494 3,250,000 euros
3 ‘gardens’ 255 16 31,351 6,340,000 euros
4 ‘farming’ 31 1 346 150,000 euros
5 ‘mobility’ 48 2 4832 3,100,000 euros
6 ‘animals’ 30 5 6382 825,000 euros
7 ‘energy’ 16 1 89 500,000 euros

8 ‘pollution’ 19 1 71 50,000 euros
Source: Lisbon city council (http://op.lisboaparticipa.pt, accessed on 12 June 2021).

Highlights from the table above show that topic 3 ‘gardens’ holds the record with
more than 30,000 votes received throughout the PB editions and the largest amount of
funding, which is consistent with the number of projects implemented throughout the
11 PB editions (n = 16). The high rate of votes builds on—at least—a couple of landmark
projects that mobilised great support from citizens: the restoration of the Botanic Garden in
2013, and the “Caracol” garden in 2016, the latter gathering 9447 votes, the highest ever in
the Lisbon PB. Funding is relatively high in topics 2 ‘recovery’ and 5 ‘mobility’, as well. The
latter confirms that, despite the few approved projects (n = 2), these can have a significant
impact on public spending for demanding a wider approach to urban intervention in the
green infrastructure.

5.3. Interviews

Exploratory interviews helped us to draw a clearer picture of emerging trends, vari-
ations, and topics throughout the 11 PB editions. Accordingly, we interviewed four key
actors: the advisor in charge of the KIC Climate for the design of the Lisbon Green Seal and
the PB for schools; the head of the municipal direction for participation; the PB coordinator;
and the politically appointed advisor to the municipal councillor for environment, green
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structure, climate, and energy. Interviews took around one hour each and were based on a
similar semi-structured approach.

The KIC Climate advisor was interviewed in July 2020 to discuss the progressive
tendency of the PB towards urban sustainability themes, with a focus on the Green Seal
launched in 2019, which, according to our interviewee, was designed to raise citizens’
awareness. The Seal was also conceived as a proxy to the 2020 Green PB through a
step-by-step strategy aimed to learn from the past editions and prepare the future of this
participatory process. Likewise, the piloting of the PB for schools—focused on themes of
sustainability—was thought of as an opportunity for young students to take decisions over
a more sustainable future. In September 2020, we interviewed the municipal director of
citizen participation and the PB coordinator at the city council. The former emphasised
the growing political commitment towards urban sustainability, which found in the PB
a potential ally. As the deputy mayor in charge of the PB encouraged a more inclusive
and face-to-face approach to participation, the reduction in number of citizens’ proposals
selected for public voting aimed to ease the internal coordination for the implementation of
the projects. In 2018, new “pedagogical goals” mobilised the department of participation
that soon embraced the political intention to promote a Green PB in 2020 to encourage
behavioural changes in the city. This effort, she contended, did not entail only the incorpo-
ration of urban sustainability themes, but rather the capacity to make its values accessible
to all through a common language shared between the city council and citizens. In this
way, the PB could be approached not as a mere financial tool for the implementation of
projects, but rather as a generator of new bridges between the city council and citizens.

Along with pedagogical goals, the PB coordinator reinforced the instrumental purpose
of the envisioned transition towards the 2020 Green PB. The thematic focus on urban
sustainability implied, according to our interviewee, the opportunity to keep high the
international interest on the PB by building upon the connection with the European agency
KIC Climate. Most importantly, this shift implied the opportunity to solve the pitfalls
of this process regarding the time-demanding analysis of citizens’ proposals in all policy
areas and implementation of projects. Both stages are coordinated by the PB team with
other municipal departments, which ends up increasing the red tape and slowing project
implementation (see also [59]), with implications over the credibility of the PB with citizens.

Lastly, the interview with the internal advisor to the councillor responsible for Lis-
bon’s application to the European Green Capital Award allowed us to better position
the PB within the urban sustainability agenda pursued by the city council. While the
interview focused mainly on the development of Lisbon’s Green Infrastructure from an
urban planning perspective, it gave important insights into the city’s journey towards being
acknowledged with the title of 2020 European Green Capital. The winning application
submitted in 2017 was the third application submitted by Lisbon, having reached second
place the previous year. According to our interviewee, the EGCA communicated in 2018
had an additional impact over the EGC programme: based on the city’s track record with
participatory processes, the EGC assessment formula for indicator 12 (“Governance”) was
changed slightly to include an explicit reference to “Partnerships and Public Involvement”.
As a result, from 2019 onwards, applicant cities are required to describe their strategies
for citizen participation, which should be considered, according to our interviewee, an
important contribution of Lisbon’s application.

6. Discussion

The inclusion of a thematic focus on urban sustainability, which was planned for the
2020 PB edition and then took place in 2021 by incorporating the European Green Deal
action areas, is a turning point in the history of the Lisbon PB. Scholars contend that citizen
participation can effectively contribute to advance urban sustainability [42,51], and the
Lisbon PB seems to prove efficacy in allocating public funding to local issues perceived
as most pressing or urgent in this field [26]. This process further shows that, despite the
considerable cuts induced on the available budget in 2012, public engagement has been
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relatively high throughout the 11 editions, with a more visible decrease in numbers over
the last few editions. Bearing this in mind, and relying upon evidence retrieved from our
study, our discussion develops around three main findings.

Firstly, data show that the Lisbon PB aligns with urban sustainability goals and seems
to counteract the dominant engineered approach towards sustainability, focused on green
growth and innovation. As Gulsrud and colleagues [60] stress, the international agenda
tends to undermine ‘ecological green resources’ (e.g., parks, trees, grassland, water bodies,
etc.) by prioritising short-term deliverables (e.g., cycle paths, storm-water channels, foot-
paths and access routes, energy-efficient built environment) in detriment of biophysical
achievements. In Lisbon, the authors (ibidem) contend that some of these trends reverber-
ate in the unbalanced commitment to planning public spaces and nature-based solutions
beyond the city boundaries, while additional criticisms are raised as to the capacity of
the city to address rising real estate prices and social exclusion (cf. [61]). Against this
background, our findings show that the PB contrasts with the otherwise dominant focus
on green growth and eco-innovation of several other policy programmes, including the
ECGA [62]. Despite the slow decline over the last years, findings show that around 33%
of citizen proposals and projects, 18% of votes, and 44% of public funding are dedicated
to the “environment, green structure, and energy” thematic area of the PB. Interestingly,
these outcomes align only partially to the emphasis put by international agendas on urban
infrastructure. Instead, other topics, often excluded from the dominant agenda on sustain-
ability, are prevalent in the PB, as is the case of animal protection. We therefore note the
potential of a green PB to promote a more balanced approach to socio-ecological challenges,
while counteracting an engineering-led discourse of urban sustainability present in, among
others, the EGCA. Scholars have argued that this approach reduces the opportunity to
promote equitable, inclusive urban transitions [62]. Hence, given Portugal’s challenging
economic context of the last decade and the correlation between national wealth and the
performance of Europe’s capital cities in terms of sustainability [16], this contribution of
the Lisbon PB towards urban sustainability is particularly valuable.

At the time of writing, the 2021 Lisbon PB is being implemented with a 2.5-million-
euro budget. Preliminary data show a sensible decrease of citizen participation at the stage
of proposals’ submission (=251), and only 75 out of them considered for public voting.
An overview on the distribution of proposals in the new eight thematic areas shows a
preponderance of the mental and physical health and sport theme (n = 75), followed by
smart and sustainable mobility (n = 45), adaptation and mitigation of climate changes
(n = 43), and reduction of pollution and promotion of biodiversity (n = 41). Circular
economy and efficient building collected the same number of proposals (n = 16), followed
by the promotion of just food systems (n = 10), and only 5 proposals for clean and renewable
energy. The decrease in numbers of proposals should be analysed attentively in the future,
taking into consideration the impacts of the pandemic in the field of citizen participation [6].
At the moment, we can only speculate about possible reasons behind this decline, as these
data can either reveal a process of cultural accommodation to the thematic shift, or the
adoption of online tools only due to the restrictions of the Covid-19 pandemic. These data
may also indicate a mounting disillusionment regarding the PB as a policy mechanism, out
of any direct correlation with urban sustainability themes.

Secondly, PB achievements should be understood in light of the local agenda and
public action of the city council. The 2012 PB edition represented a turning point due to
cuts in the allocated budget from 5 to 2.5 million euros and the distribution of the budget
into city-wide projects and smaller interventions at the neighbourhood level, which all
seemed to influence the decrease in votes, projects, and allocated budget, but not proposals.
As citizen interest around urban sustainability remained high up to 2016, the last few
PB editions showed a decrease in proposals, contrasting with a relatively high number
of votes, projects, and allocated funding. This variation can be traced back to changes
prompted under the deputy mayor in charge of the PB, who aimed to reduce the number
of citizen proposals selected for public voting to ease the red tape and, later in 2018, to
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boost a new pedagogical ethos to prepare the shift towards the 2020 Green PB. Also in 2016,
the ‘Caracol’ garden, one of the most emblematic PB projects for urban sustainability, was
funded with a record number of votes. This project relied upon an unprecedented citizen
mobilisation that reverberated citizen support for the restauration of the Botanic garden in
2013, which attracted one of the highest rates of votes ever. As pointed out by Allegretti
and Antunes [55], the social dynamics behind the submission of citizen proposals heavily
rely upon pre-existing networks and interest groups, which often explain the success of
specific projects in the Lisbon PB.

The impact of the two garden projects can be understood in the framework of the
identified key topics, where topic 3 ‘gardens’ emerges as the most frequent. Its progressive
growth throughout the 11 PB editions emphasises the decrease of topic 2 ‘recovery’. This
inverse relation may relate to a broader shift in the public discourse and citizen understand-
ing of urban sustainability in Lisbon, as the focus on the quality of green public spaces
seems to prevail over the more infrastructure-based interventions aimed at improving
streets and squares, as argued above. This hypothesis is also substantiated by empirical
knowledge about the city council’s action in this field, which plays a key role in managing
significant trade-offs of urban development [23], with implications on governance tools, as
in the case of the PB. For example, the lack of proposals in Topics 4 ‘farming’ and 7 ‘energy’
in the last edition, as well as the absence of proposals in Topic 5 ‘mobility’ in the last couple
of editions, can be traced back to the mainstreaming of urban policies in these fields, which
reduced public demand when it comes to PB processes.

Thirdly, our interviews suggest that the shift towards a thematic PB in 2020 was
primarily seen as an opportunity to pursue pedagogical purposes and reduce the red tape
of the PB. On the one hand, the PB was expected to foster a common language on, and
understanding of, sustainability between the city council and citizens. On the other, this
shift was expected to ensure a more straightforward analysis of citizen proposals and
higher implementation rates. The streamlining of this process, therefore, was less a result of
a shared understanding of its achievements, as—despite the step-by-step process towards
urban sustainability theme via the Green Seal and the PB for schools—the announcement
of the 2020 Green PB relied upon low evidence-based awareness of its contribution. These
limits may have lowered the political ownership paired by an equally low rate of citizen
participation in the first urban-sustainability-oriented PB in 2021. The systematisation of
knowledge on the contribution of the PB to urban sustainability provided in this study,
therefore, offers a review of the PB’s achievements and contributes to our understanding
and awareness of the reasons why, and the ways in which, such specific participatory
arrangements can make a difference in citizen-centred sustainable policy-making. It thus
translates the insights from Lisbon’s case study into lessons for the improvement and
advancement of PB as an additional mechanism that may respond to the global and local
calls for change, and greater focus on sustainable urban futures.

7. Conclusions

Our study aimed to contribute to the participatory dimension of urban sustainability
agendas through the specific lens of participatory budgets, by asking what are the lessons
and potential contributions of the Lisbon PB experience towards urban sustainability,
and analysing in detail Lisbon’s developments in this field, keeping in mind the failed
attempt to implement a Green PB in 2020, and the ongoing sustainability-oriented PB in
2021. Accordingly, this study presents and discusses the Lisbon PB experience and its
achievements with a focus on the “environment, green structure and energy” thematic area,
with the aim to understand its achievements and substantiate the potential to advance the
city’s urban sustainability agenda.

Our analysis reveals three interconnected findings. First, the Lisbon PB demonstrated
considerable achievements in the “environment, green structure and energy” thematic area,
corroborating the idea that citizens are indeed interested in promoting urban sustainability.
Proposals and projects cover a wide range of topics, some of them showing the potential to
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go beyond an engineering-based vision of green spaces and infrastructure, as well as one
less aligned with international agendas of climate change and biodiversity loss. Second,
the achievements heavily depended on public action by the city council in deciding to
invest in specific policies, with reverberations over the types of citizen demands to the
PB. Finally, the shift towards a thematic PB in 2020 was not driven by social and political
awareness of the PB achievements in terms of urban sustainability, but rather by the pursuit
of pedagogical and instrumental (efficiency-led) purposes. The implementation of the 2021
sustainability-oriented PB, however, widens its scope and is likely to hold a potential that
may be further analysed in the future. We recommend that this kind of data collection
and analysis should be systematically carried out and disseminated within city council
departments, promoting much needed internal awareness of PBs’ potential as drivers of
urban sustainability. We also identify further research needs into the sustainability potential
of green PBs.

At the time of this study, the 2021 PB edition is in progress and it is impossible to
retrieve significant up-to-date insights from its outcomes that ought to be addressed in
future research. However, we may interpret the low participation rate in the 2021 PB as the
need to accommodate society to the idea that now the PB only funds citizen proposals in the
field of urban sustainability. It might also relate to the reduced capacity of the city council
to capitalise knowledge from past editions and raise awareness about the opportunity to
reorientate the PB towards urban sustainability. Last, these data may also mean that the
public attitude, interest, and trust towards the PB as a policy mechanism per se is declining.
Likewise, we acknowledge three main limitations in our study that can hopefully inspire
the scholarly debate. Firstly, the focus on one city (albeit a leader in this field) is inevitably
limited, and international comparative analyses on the contribution of the PB in this field
will enhance our understanding of the potential of citizen participation to advance urban
sustainability. Secondly, the focus on the Lisbon PB thematic area “environment, green
structure and energy” may have sidelined insights from other thematic areas, which could
contribute to other aspects of urban sustainability, thus, future research should take into
consideration citizen proposals and projects funded in all PB thematic areas for a more
comprehensive picture of its achievements. Thirdly, an in-depth investigation into citizens’
views of urban sustainability would make an important addition to this initial overview of
Lisbon’s experience.

Despite the limitations inherent to our exploratory study, our findings offer useful
insights into the potential of participatory budgets in contributing towards more sustainable
cities. As we enter the third decade of the 21st century, the pressure and hopes around the
role of cities to fight climate change and contribute to reduce biodiversity loss is growing.
Agendas, including those based on nature-based solutions, are building momentum and
expectations. We believe that a better understanding of the PB potential can make an
important contribution towards more sustainable futures, promoting greater awareness
and commitment of both citizens and local governments.
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Appendix A

Table A1. Citizen proposals, votes, winning projects, and public funding in the Lisbon PB.

PB Editions
Total of Citizen
Proposals (No.)

Citizen Proposals
in the Thematic

Area (No.)
%

Total of
Votes (No.)

Votes in the Thematic
Area (No.)

%
Total of Winning

Projects (No.)

Winning Projects
in the Thematic

Area (No.)
%

Total of
Public

Funding (€)

Public Funding in
the Thematic Area

(€)
%

2008 89 62 70% 1101 572 52% 5 4 80% 5,130,176 4,550,000 89%
2009 200 98 49% 4719 1148 24% 12 4 33% 4,817,492 1,825,000 38%
2010 291 112 38% 11,570 1722 15% 7 3 42% 4,500,000 2,250,000 50%
2011 228 86 38% 17,887 4265 24% 5 3 60% 4,600,000 2,600,000 56%
2012 231 83 36% 29,911 620 2% 15 1 7% 2,375,000 100,000 4%
2013 208 85 41% 35,922 11,788 33% 16 5 31% 2,475,000 940,000 38%
2014 211 92 44% 36,032 7386 20% 13 3 23% 2,428,000 1,100,000 45%
2015 189 75 40% 42,130 5644 13% 15 3 20% 2,500,000 800,000 32%
2016 182 38 21% 51,591 11,595 22% 17 7 41% 2,480,000 1,050,000 42%
2017 128 28 22% 37,673 5898 16% 15 2 13% 2,513,000 300,000 12%
2018 122 26 21% 34,672 4225 19 3 16% 2,505,000 500,000 20%

TOTAL 2073 785 38% 18% 139 38 27% 36,441,176 16,015,000 44%

Appendix B

Table A2. Proposals from the emerging topics in the thematic area “environment, green structure, and energy” of the
Lisbon PB.

PB Editions

Topic 1
City/Neighbourhood

Topic 2
Recovery

Topic 3
Gardens

Topic 4
Farming

Topic 5
Mobility

Topic 6
Animals

Topic 7
Energy

Topic 8
Pollution

No. % No. % No. % No. % No. % No. % No. % No. %

2008 15 24% 28 45% 15 24% 2 3% 2 3% 0 0% 0 0% 0 0%
2009 20 20% 44 45% 25 24% 4 4% 3 3% 1 1% 1 1% 0 0%
2010 12 11% 41 37% 39 35% 8 7% 7 6% 1 1% 3 3% 1 1%
2011 18 21% 30 35% 23 27% 5 6% 6 7% 2 2% 2 2% 0 0%
2012 19 23% 22 26% 27 32% 2 2% 10 12% 1 1% 0 0% 2 2%
2013 18 21% 19 22% 29 34% 3 3% 5 6% 5 6% 3 3% 3 3%
2014 20 22% 18 19% 33 36% 5 5% 8 9% 4 4% 1 1% 3 3%
2015 24 32% 6 8% 31 41% 0 0% 6 8% 3 4% 2 3% 3 4%
2016 3 8% 4 10% 16 42% 1 3% 1 3% 8 21% 2 5% 3 8%
2017 5 18% 6 21% 10 36% 1 3% 0 0% 4 14% 2 7% 0 0%
2018 9 35% 5 19% 7 27% 0 0% 0 0% 1 4% 0 0% 4 15%

TOTAL 163 21% 223 28% 255 32% 31 4% 48 6% 30 4% 16 2% 19 2%
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