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Article 

Including Citizens' Perspective in Advancing Urban 
Green Infrastructure: A Design-Toolkit for Private 
Open Spaces 
Maria Stella Lux 

Department of Architecture, Built Environment and Construction Engineering, Politecnico di Milano, Piazza 
Leonardo da Vinci, 32, 20133 Milan, Italy; mariastella.lux@polimi.it; Tel.: +39-3401374593 

Abstract: In response to the growing pressure from urban expansion and the risks associated with 
climate change, adapting cities and reintroducing nature into the urban environment are becoming 
increasingly urgent. The implementation of Urban Green Infrastructures plays a key role in 
adaptation strategies, thanks to its ability to offer a wide range of ecosystem services. However, the 
adaptation process must necessarily be trans-scalar and include collective participation to ensure a 
real improvement in both physical and social urban resilience. For this reason, citizen participation 
in planning processes is essential, but even more important is the recognition of their active role and 
the scope for private citizens' involvement. The transformation of private spaces according to UGI 
principles and with a view to the common good, however, is still a theme that is scarcely included in 
urban resilience plans. This study presents the results of a survey conducted in the case study of 
Milan through questionnaires and focus groups to record preferences, concerns, and priorities in the 
sustainable transformation of private open spaces. The outcome of the study is the definition of a 
toolkit for the design of private open spaces, integrating Nature-Based Solutions and adhering to UGI 
principles. 

Keywords: Urban Green Infrastructure; Nature Based Solutions; private open spaces; citizens 
engagement; urban adaptation; Milan 
 

1. Introduction 
Urban Green Infrastructures (UGI) and Nature-based Solutions (NBS) have emerged in recent 

years as a key topic in the debate on urban adaptation to climate change [1–3]. The growing evidence 
of climate change[4], the intensification of extreme weather events, and the exacerbation of urban 
risks have made it increasingly urgent to make cities more resilient and better prepared [5]. The 
emphasis on these approaches has grown significantly alongside the evolution of research on urban 
resilience and the adaptation of cities to climate change [6,7]. In this regard, the strategic and designed 
reintroduction of natural components and processes into urbanized environments can offer 
numerous benefits [8]: from mitigating the urban heat island effect [9,10] to managing stormwater 
drainage [11], from reducing air pollution [12]to positively impacting the psychological and physical 
well-being of citizens [13]. Actions aimed at reintroducing nature into cities respond both to the 
perceived need to restore proximity to nature in fully anthropized environments [14], and to the 
practical need to mitigate the limitations of urban settings in addressing increasing risks exacerbated 
by climate change [15,16]. 

Various interrelated concepts and notions populate the field of urban adaptation and support 
this process of reintroducing nature into cities. The European Commission defines Green 
Infrastructure (GI) as “a strategically planned network of natural and semi-natural areas with other 
environmental features designed and managed to deliver a wide range of ecosystem services.” This 
definition refers to another fundamental concept, namely that of Ecosystem Services (ES), which are 
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“the benefits societies obtain from ecosystems”[17], including direct resource consumption 
(provisioning ES), experiential benefits (cultural ES), and contributions to the overall regulation and 
maintenance of fundamental environmental conditions for human life (supporting and regulating 
ES). Based on this understanding of the interactions between humankind and the environment, 
approaches such as ecosystem-based adaptation (or mitigation) have become increasingly 
widespread [18]. Indeed, the aim of NBS is exactly to “bring more, and more diverse, nature and 
natural features and processes into cities, through locally adapted, resource-efficient and systemic 
interventions” [19]. Similarly, the UGI approach supports the systemic planning of urban greenery 
as part of the key infrastructural networks of a city, responding to the key principles of Connectivity, 
Multifunctionality, Integration of Green and Gray components; Multi-scale implementation [20,21].  

The substantial efforts of scientific research—which is contributing to reinforcing and refining 
these approaches by investigating their effectiveness, methodologies, and applicability—have 
progressively informed the definition of local policies and strategies. Currently, many international 
institutions are actively engaged in promoting UGI and NbS at various levels, and this approach has 
increasingly gained prominence in international agreements concerning environmental protection, 
climate change mitigation, biodiversity support, and risk management [22–24].  

However, limitations and barriers to the effective and systematic integration of UGI and NbS 
into urban planning practice persist. This study specifically focuses on the importance of enhancing 
citizen engagement—not only through consultative activities in participatory public programs, but 
also by recognizing citizens as key actors in promoting the expansion of UGI within urban areas. It 
highlights the value of private open spaces as critical areas for the diffuse, small-scale deployment of 
UGI across different spatial levels. The following sections offer a perspective on the main barriers to 
UGI implementation as identified in the literature, and on the relevance of citizens engagement in 
UGI planning, also introducing the case study of Milan, Italy. 

1.1. Barriers to the Advancement of Urban Green Infrastructure 

Despite the intense research effort of the past decades, the effective integration of UGI and NbS 
into urban transformation programs remains highly limited and fragmented [25] and a systematic 
adoption of this approach in urban contexts still faces several obstacles and barriers. Referring to 
Nelson et al. [26], five main challenges can be identified: 1) Participation and equity, which emphasize 
the need to consider the dynamic and often uneven perceptions of risk and benefit across different 
social groups; 2) Governance, as the inherently complex and systemic nature of NbS demands 
coordination across institutional levels and sectors, posing significant challenges to existing 
governance frameworks; 3) Valuation, highlighting the need for consistent methodologies to assess 
and communicate the multifaceted benefits of NbS in economic, environmental, and social terms; 4) 
Infrastructure integration, which calls for moving beyond the traditional separation between green 
and grey infrastructure and toward a more holistic and multifunctional understanding of urban 
systems; 5) Scale and feedback, which stress the importance of trans-scalar planning approaches and 
the involvement of a broad range of actors to ensure responsiveness to local conditions while aligning 
with broader sustainability goals. Similarly, Kabisch et al. categorize the critical issues as: i) 
knowledge and awareness gap, which refer not only to the lack of technical expertise but also to 
limited public understanding of the benefits of GI; ii) governance challenges, including institutional 
inertia, sectoral silos, and insufficient policy coordination; iii) socio-environmental justice and social 
cohesion, which underline the risk that green interventions may inadvertently reinforce existing 
inequalities or trigger processes of green gentrification [27]. Additional barriers can also be identified, 
such as financial constraints [28,29].  

These challenges reveal that the implementation of UGI and NbS is not merely a technical issue 
but a complex socio-political process. It requires addressing institutional, social, and technical 
dimensions through inclusive governance, transparent valuation practices, and long-term policy 
commitment. This study primarily focuses on how various critical issues can be addressed by 
experimenting with new forms of citizen engagement. Rethinking the role of citizens requires action 
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on multiple levels: promoting greater and more widespread awareness, ensuring the equitable 
distribution and accessibility of green spaces and their associated ecosystem benefits, and updating 
governance models to include new forms of public-private collaboration. 

1.2. Advancing UGI Through Citizen Engagement 

In light of the challenges highlighted in the literature, increased citizen involvement—going 
beyond traditional forms of participation—can represent a strategic approach to support the 
advancement of UGI [30]. Beyond fostering widespread awareness of the benefits of nature in urban 
environments through educational and communication initiatives, citizen support and their 
perceptions of risks and benefits are crucial in underpinning innovative policies and forward-looking 
planning decisions.  

Since the 1970s, a gradual cultural transformation has led an increasing number of people—even 
beyond experts and scholars—to develop a deeper awareness of the value of natural ecosystems and 
the importance of reintegrating and protecting nature in urban environments. More recently, the 
COVID-19 pandemic acted as a disruptive event in this ongoing process of change, profoundly 
impacting habits and perceptions [31–33]. During lockdown periods, the ability to physically or 
visually access urban green spaces was rediscovered as a valuable asset and a source of well-being 
.[34,35]  

On the other hand, urban planning approaches have, for years, increasingly sought to include 
citizens through participatory processes and public consultations [36]. Today, new scenarios for 
citizen participation and active inclusion can be explored, drawing on both the progress of research 
and a collective mindset that is increasingly open to and engaged with issues related to urban green 
spaces. At the European level, there are still relatively few cities actively experimenting with effective 
and systematic methods for involving both public and private actors in the multi-scalar planning 
processes of UGI. Among the most noteworthy examples are: Barcelona, which, in response to the 
consequences of intense urbanization and climate change, has developed a detailed strategy to 
reclaim every vacant urban space as public green space, including the mapping of courtyard interiors 
and private areas [37–40]; Hamburg, whose Open Space Requirement Analysis (2012) classified all 
building typologies in the city and identified the potential for integrating new urban greenery in 
proximity to residential functions [41–43]; and Edinburgh, which since 2009 has developed an Open 
Space Strategy aimed at improving the quality and accessibility of existing green spaces, minimizing 
their loss to urban development, and ensuring adequate open space provision in new developments 
[44]. Above all, the example of Rotterdam proved to be of particular interest for this study. 

The city of Rotterdam is experimenting a strategy combining ‘densification’ –to achieve a mix of 
uses and functions– and ‘greenification’ –to compensate for previously unmet or future demand of 
urban green provision [45,46]. Since the 1970s and more intensively in the last 20 years, the 
redevelopment of the central area focused on reintroducing the residential function, promoting 
mixed-used and vertical growth. [47] This process went hand in hand with a constant attention on 
the public space (the so-called 'groundscraper' strategy). Additionally, Rotterdam has been facing 
sea-level rise, higher rainfall, increasing heat waves and flooding, which pushed the city to adopt 
pioneer initiatives for urban adaptation, including GI as a key part of the urban program [46]. Citizen 
engagement and the inclusion of private actors was highly enhanced. Indeed, the scarcity of public 
transformable space – only 40 % of Rotterdam area is public land– and the objective of balancing 
densification and accessible green spaces made it necessary to include private open spaces in each 
spatial planning action. So cooperation with private entities and residents is essential [47]. Many of 
the foreseen greening interventions apply to private areas and properties, such as green roofs and 
walls. Additionally, private initiatives are encouraged and supported both directly, through public 
financing of private actions (e.g. the Climate Adaptation Grant adopted in 2012) and indirectly, by 
deregulating certain initiatives and reducing bureaucratic restrictions.  

1.3. Case Study and Research Framework 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 June 2025 doi:10.20944/preprints202506.1355.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1355.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 22 

 

This study focused on the case of the city of Milan. This city combines the challenges of a large 
urban area with high population density, the risks associated with a territory increasingly affected 
by environmental issues and CC (impacting on air quality, water management issues, and heat 
peaks), and the potential of a dynamic metropolis long engaged in ecological transition and the 
modernization of its governance structures [48–52]. Since 2019, the city has updated its internal 
organization by establishing the Directorate for Environmental Transition. Additionally, the 
Territorial Governance Plan Milano 2030 (PGT Milano 2030), adopted in 2020 and currently under 
review, outlined a roadmap to strengthen the municipal ecological network through the urban green 
and blue infrastructure approach and emphasized participatory processes and the inclusion of 
citizens in strategic decision-making [53]. Due to these characteristics, the city offers a particularly 
relevant context for investigating citizens’ perceptions and exploring opportunities to engage them 
more actively in the implementation of UGI—moving beyond purely consultative roles toward 
genuine citizen empowerment.  

The study and the findings presented in this paper are primarily focused on the social 
dimension, active participation, and the potential role of private actors in the implementation of UGI 
in the case of Milan. It was preceded by previous explorations that had already highlighted the spatial 
and strategic relevance of private open spaces in Milan, both for preserving existing green areas and 
for planning new ones. Previously published research on the spatial character of Milan green system 
[54], highlighted the presence of a relevant amount of privately-owned small-sized green spaces. In 
the central district of the city private open spaces mainly consist of courtyards inside the urban blocks 
and cover an area of 1.6 km2, which corresponds to 19% of the entire area of the historic center [55]. 
The study area specifically focuses on Municipio 1, the historic center of the city, which is 
characterized by high density and a historically layered urban fabric where the complementarity 
between public and private open spaces is particularly evident (Figure 1). 

 

Figure 1. Framing the case study and study area. 

2. Materials and Methods 
2.1 Scope of the Research 

Researchers and practitioners are increasingly aware of the pivotal role that citizen engagement 
plays in the processes of renaturing cities. Citizens are now widely recognised as key stakeholders, 
possessing valuable local knowledge and a strong sense of attachment to their neighbourhoods [56]. 
This study aims to explore new approaches to citizen engagement and empowerment in the 
development of UGIs. In particular, it investigates the potential role of private citizens in 
transforming their own private open spaces, in line with the principles of UGI and NbS. When 
proposing such transformations, it is crucial to understand current citizen attitudes, perceived 
priorities and needs, and to raise awareness of the importance of private spaces in both preserving 
urban green heritage and contributing to future UGI networks [57–59].  

This research seeks to address the following questions, investigated in the case study of Milan: 
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• What are the perceived priorities regarding urban adaptation to climate change and the role of 
private spaces? 

• What are the perceived risks associated with the implementation of NbS in private open spaces? 
• To what extent are citizens interested in playing an active role? 
These research questions were investigated through a social inquiry targeting both a group of experts 
and a broader general audience. The findings informed the development of a design toolkit for NbS 
implementation in private open spaces within the Milan case study. This toolkit aims to align local 
citizens’ priorities and preferences with climate adaptation needs and Sustainable Development 
Goals (SDGs). 

This study was conducted within the framework of the EU-funded YADES project, which 
focused on the adaptation of historic urban areas to climate change and concluded in March 2025. As 
part of the project, the author carried out research on the integration of UGI in historic and dense 
urban contexts, which also included the social investigation presented in this article. The project 
provided a relevant network for engaging experts in the discussion and collecting their feedback. 

2.2 Methodology 

The study was performed with two different approaches, each one responding to a specific goal: 
• focus groups were conducted within a selected community in early stages of the research in 

order to explore awareness and expectation of experts/interested audience towards the research 
topic; 

• questionnaires were distributed to a wide audience in the study area of Municipio 1 to record 
preferences and concerns about alternative solutions. 
Last, the results emerging from the questionnaires were integrated into a design toolkit for 

including NbS in private open spaces. The various steps of the study are outlined in Figure 2. 
 

 

Figure 2. Research workflow. 

2.2.1 Focus Groups 

The focus groups were conducted as part of the annual Summer Schools of the YADES project, 
in 2021 and 2022. The first Summer School, due to pandemic-related reasons, was an online event 
limited to project participants. The focus groups were interviewer-administrated, meaning that the 
collection of answers and feedbacks happened in a face-to-face situation where it was possible to 
make additional questions and have a discussion about the raised topics. The audience involved in 
the focus group consisted of individuals specialized in urban risk management, with experience in 
urban resilience and adaptation strategies, although not necessarily experts in green solutions. 
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Additionally, most participants were not specifically familiar with the Milan case study. Therefore, 
the survey referred to historic centres and dense urban areas in a broader way.   

Differently, the second Summer School took place in person in Milan and was an open event. 
The audience that participated consisted of interested individuals with a scientific background and a 
moderately high sensitivity to environmental issues. In this case, the investigation focused more on 
the daily experience of greenery in the case of Milan and included a specific focus on private open 
spaces in this city. The detailed structure of the focus groups is reported in Appendix A. 

2.2.2. Questionnaires 

While the focus groups were targeted at an expert or interested audience, the questionnaires 
were aimed at investigating the general perception of the population of Milan, particularly in 
Municipio 1. The questionnaire was self-administrated, avoiding respondents to be subject to 
interviewer effect, and cross-sectional, aiming to explore population’s attitude towards the current 
state of the UGI in Milan’s historic centre and possible future scenarios [60]. 

The questionnaire has been structured into three sections: 1) Courtyards of Milan; 2) 
Transformation scenarios; 3) General information. The detailed structure is reported in Appendix B. 
The first part aims to gather objective and subjective information about the current situation of 
private open spaces. Objective information includes courtyard accessibility, current functions, the 
presence and integration of vegetation. Subjective information, on the other hand, refers to 
respondents' evaluations of the adequacy of the current situation, along with some insights into the 
modes and frequency of private outdoor space utilization. The second section introduces the 
reference to future transformation scenarios for which respondents are asked to provide feedback 
regarding possible interventions to be implemented, priorities to be followed, and potential issues. It 
also investigates respondents' inclination towards their direct engagement and the opening up of 
private spaces. Last, the third section collects some basic information about the respondents while 
ensuring anonymity and privacy, in order to verify the composition of the sample 

2.2.3. Design Toolkit 

The final step of the study involves the development of a design toolkit to integrate NbS into 
private open spaces. This tool draws inspiration from several existing catalogues, although originally 
created for different purposes. The primary references for this toolkit include previous collections 
and classifications of urban NbS, particularly those conducted by the World Bank[61] and by 
LabSimUrb at Politecnico di Milano [62]. These catalogues aim to provide a comprehensive 
classification of NbS across different scales, from the landscape scale to that of individual buildings. 
For the purposes of this study, a careful selection was made to extract only those actions applicable 
at the urban scale and suitable for small- to medium-sized spaces, such as the private residential open 
spaces found in the Milan case study. A more specific operational reference is provided by real urban 
experiences, such as those in Rotterdam [63] and initiatives from various American cities focused on 
distributed stormwater management [64–66]. These examples were instrumental in identifying 
private actors as active agents in the development of the UGI. 

3. Results 

3.1. Analytic Results of Social Investigation 

3.1.1. Focus Groups 

As illustrated in Figure 2, the two focus groups pursued distinct objectives, reflecting the 
different profiles of the participants involved. In brief, the first focus group confirmed that the limited 
pervasiveness and distribution of green spaces in historic and high-density urban contexts is a 
widespread issue, thereby highlighting the broader relevance of this study. In contrast, the second 
focus group contributed to a deeper understanding of the Milan case study and subsequently 
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informed the development of the questionnaire. Participation data are reported in Table 1. The 
analytical data from the responses are provided as supplementary materials.  

Table 1. Focus groups information summary 

Focus Group Mode N. Participants Participants type 
1st YADES Summer 

School 
Online 

38 
specialized/internationa

l 

2nd YADES Summer 
School 

Hybrid 
in presence in Milan + online 62 

specialized or interested 
in the topic/ mostly 

based in Milan 
 
The first focus group included 38 international participants with proven expertise in urban 

resilience. This session served as a preliminary exploration of the value of integrating green features 
in historic and high-density urban contexts as a strategy for climate adaptation. In particular, the 
discussion focused on identifying the most effective approaches to promote this integration, as 
perceived by the participants, as well as the main barriers that hinder its implementation. From the 
starting general questions about the relationship between the historic/dense urban areas and the 
availability of urban green spaces, it emerged that, even when considering cities other than Milan, 
the lack of greenery is a widespread issue. 31% of respondents reported a severe lack of greenery, 
and 63% reported a low presence. However, when asked about the distribution of green spaces 
between public and private areas, the responses contradicted the data from the Milan case. Indeed, 
88% of the respondents believe that the existing greenery is predominantly public. It can be 
hypothesized that this perception is influenced by the accessibility of green spaces. Still, this response 
highlights a lack of awareness of the role of private green spaces, which, while not directly accessible 
to everyone, provide a collective service in terms of ecosystem benefits. Regarding the perceived 
barriers to more effective integration of green infrastructure in historic contexts, respondents 
assigned significant importance to the scarcity of transformable public space (28%) and the 
inadequacy of existing planning tools (31%). Finally, when asked about the relevance of certain 
proposed actions to support the integration of green infrastructure in historic areas, the four 
alternatives received very similar scores. However, respondents attributed slightly greater 
importance to coordinating private initiatives with public ones and differentiating green solutions. 

The second focus group collected feedback from 62 participants, mostly based in Milan or at 
least familiar with the case study. The starting questions revolved around the perception of nature's 
role in the daily experiences of the urban space. 82% of the respondents claimed to have daily contact 
with nature, mainly in the form of visual or passing-through contact (e.g., passing through a park or 
walking along a tree-lined avenue during their daily commute). Activities involving stationary 
interaction with nature (such as spending time in the park to relax, exercise, or socialize) are less 
common. Respondents unanimously emphasized the fundamental importance of daily contact with 
nature, particularly highlighting its impact on mood improvement and stress reduction. Moving on 
to specific questions about private courtyard spaces, over half of the respondents reported not having 
any vegetation (26%) or having only potted plants (29%) in their courtyards, while 45% had ground-
integrated vegetation. In the context of future transformation of these spaces, respondents attached 
greater importance to the "structural" incorporation of vegetation through tree planting and 
interventions to restore soil permeability. This was followed in perceived importance by the inclusion 
of furnishings for space utilization, while the inclusion of playground equipment for children was 
not strongly supported. Lastly, regarding barriers to implementing courtyard renaturation projects, 
respondents expressed more concern about increased maintenance costs, followed by the 
inconveniences caused by transformation work. Concerns about the loss of parking spaces were 
relatively mild, and the issue of insects due to increased vegetation presence ranked much lower.  

3.1.2. Questionnaires 
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Taking advantage of the relevant insights provided by the focus groups, a broader social 
investigation was carried out to investigate the general perception and attitude of Milan citizens 
towards including private open spaces in the municipal UGI strategy. The target of the questionnaire 
was specifically the population of Municipio 1, consistsing of 111.560 people [67]. Setting a confidence 
level of 95% and a margin of error of 5%, the sample size was set at 383 respondents. The 
questionnaire distribution took place between June and September 2023. After closing the 
questionnaire distribution, a total number of 394 answers was recorded. Out of the total, 39 
respondents declared not to have a courtyard or a garden in their dwellings and consequently didn’t 
fill section 2. Thus, the number of useful answers was limited to the 355 of those who declared to 
have a courtyard and entirely filled the questionnaire. This still guaranteed a margin of error limited 
to 5,19% (see Table 2). The sample has a balanced gender distribution, with 51% of female 
respondents and 47% male. Regarding the age distribution, there is an imbalance towards the 
younger age groups, especially the 26-35 age range, and inadequate representation of the over 65 age 
group. This is certainly attributable to the online administration mode of the questionnaire.  

Table 2. Sample size and margin of error of the questionnaire in Municipio 1 

Population size: 1115 60 Target Total answers Complete answers 

Sample size 383 394 355 

Confidence level 95% 95% 95% 

Margin of error 5% 4,93% 5,19% 

As shown in Figure 3a, 90% of participants claim to have a courtyard/garden/space related to 
their residence. The vast majority of them live in apartments within residential buildings (92%), while 
a smaller number have different housing solutions. Regarding the private open space location, 
internal courtyards resulted the most common type (84%), raising potential challenges in evaluating 
the visual and physical accessibility of private greenery [68]. Regarding the presence of vegetation of 
any kind (Figure 3b), 85% of the responses are positive. Ou of the 303 positive answers, 26% reported 
to have only potted plants, and a significant 60% at least one tree. Natural surfaces, such as 
flowerbeds or grassy areas, are less common. 

(a) (b) 

Figure 3. On the left (a): Radial chart combining aswers from Q1, Q2 and Q3 of the questionnaire. The chart 
shows the interactions between type of dwellings (Q1), the presence/absence of courtyards/gardens (Q2), the 
position of the courtyards/gardens (Q3) with private open spaces located: a) in front of the building, b) around 
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the building, c) courtyard with semi-direct access; d) courtyard with indirect access. On the right (b): Integration 
of vegetation in private open spaces. 

Regardless of whether there is vegetation at present, the significance of greenery in private open 
spaces is unanimously acknowledged, with an average score of 4.7 out of 5. Finally, respondents were 
asked to evaluate the greenery currently present in their courtyards with respect to quantity, quality, 
impact, and accessibility. Question Q10 records peaks of dissatisfaction, especially regarding quantity 
and quality, thus opening the possibility of taking greater and better actions for the integration of 
greenery in private spaces (Figure 4). 

 

Figure 4. Evaluation of the greenery currently present in private open spaces (Q10). 

The most relevant results obtained from the questionnaire are those concerning future 
transformations scenarios, included in Section 2. In particular questions Q11, Q12 and Q13 
investigated the preferences, priorities and concerns about greening private courtyards. The 
questionnaire results highlight a strong preference for ‘structural’ greening interventions, such as 
green walls and surfaces which are able to deeply change the perception and functionality of the 
space (Figure 5). To that point, respondents’ preference is aligned with the opinion expressed within 
the focus group and definitely with the direction of transformation highlighted by the analysis 
conducted so far. The preferences expressed are also consistent with the assignment of priority to air 
quality improvement and microclimate mitigation, which are actually severe problems in Milan 
directly affecting people (Figure 6). 

 
Figure 5. Preferences about greening private courtyards (Q11). 
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Figure 6. Priorities about greening private courtyards (Q12). 

Among the concerns, the increase in costs of maintenance ranks first, as in the focus groups, 
stressing again the need to continue working on low-maintenance solutions and circular processes 
on the research front and to strengthen awareness-raising activities about the long-term sustainability 
of green interventions on the educational front (Figure 7). 

 

Figure 7. Concerns about greening private courtyards (Q13). 

About people’s attitude on their direct engagement, positive feedback was registered on 
participating in greening activities, even if with a high rate of undecided respondents (Figure 8a), 
while there is a much more negative attitude towards the regulated opening of private courtyards to 
non-resident people (Figure 8b).  

  

(a) (b) 

Figure 8. People attitude towards direct involvement in greening initiatives (a) and toward the regulated 
opening of private open spaces (b). 
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3.2. Integrating Citizens’perspective into a Design Toolkit 

The results obtained from the questionnaire suggest the need to base a viable strategy for the 
inclusion of private space in the UGI program on participatory processes and public consultations, 
in order to involve citizens in the definition of effective ways and tools for the sustainable 
management of private open space. The final step of this study reinterpreted the input provided by 
citizens and proposed a toolkit to integrate NBS into private open spaces. This tool supports citizen 
empowerment by making them aware of the practical actions they can implement within the spaces 
under their control. The overarching logic remains that of the UGI, as each individual action not only 
brings local benefits but also contributes to the broader ecological network at the municipal level. 

The proposed toolkit is a catalogue of possible actions selected for their compatibility with the 
focus on residential private spaces. The chosen solutions can be implemented by individual citizens 
owning an undeveloped area, by a group of citizens (such as residents in the same building deciding 
to act on the common courtyard), or even by municipal decision-makers to develop coordinated 
programs for intervention in private spaces. 

The proposed classification introduces various parameters to support informed choices, 
including: 
• the scale of application, classified into 3 classes defined on the quantiles of the size distribution 

of private open spaces within the study area: S <125 m2; M 125-225 m2; L >225 m2; 
• the impact on a scale from 1 to 3: 1) solutions requiring integrated application with others for 

full functionality; 2) solutions applicable individually; 3) solutions individually applicable with 
high impact; 

• the mode of application with respect to the courtyard space, i.e., whether it involves 
interventions on the ground, on the surrounding facades, on the building, or the incorporation 
of a furniture/technological element; 

• the perceived priority to which the solution responds, referring to the 5 options recorded 
through the questionnaires (see Figure 6): 1) Air quality improvement; 2) Aesthetic 
improvement; 3) Microclimate regulation; 4) Biodiversity improvement; 5) Fostering social 
cohesion; 6) Support for food self-production; 

• the contribution in terms of adaptation to CC: 1) contribution to ground water infiltration; 2) 
contribution to rainwater management; 3) enhancement of biodiversity; 4) mitigation of micro-
climate; 5) contribution to circularity; 6) contrast to drought; 

• the type of solution distinguished between green, gray or hybrid;  
the contribution to the Sustainable Development Goals (SDGs)  
Figure 9 shows the resulting toolkit, with 18 NBSs applicable in private open spaces and the 

corresponding data. 
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Figure 9. Toolkit of NbS for private open spaces. 

4. Discussion 
The investigation conducted in the Milan case study enabled the exploration of both the 

potential and limitations in proposing new forms of active citizen involvement in the development 
of UGI. The results that emerged from the focus groups—particularly the second one—highlighted 
the importance of gaining a deeper understanding of local risk perceptions and community 
preferences in order to guide locally appropriate strategies and engagement models. Additionally, 
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the questionnaire findings offered an insightful snapshot of Milanese citizens’ attitudes toward 
integrating NbS into private open spaces, as well as their preferences regarding forms of active 
participation. Milanese residents have long been accustomed to being involved in urban decision-
making, at least in consultive ways, and are generally receptive to more proactive forms of civic 
engagement. However, what was more unexpected was the general reluctance toward regulated 
forms of opening up private open spaces for broader community use. Similar initiatives—such as 
opening schoolyards outside school hours for collective activities—have already been piloted in 
Milan [69], as well as in other cities [70–72]. Nevertheless, extending this model to residential private 
open spaces has not, at present, met with widespread public approval, possibly due to concerns about 
noise and safety. 

The active involvement of citizens in incorporating the strategies and principles of NbS into the 
spaces under their stewardship opens up promising avenues for the development of the UGI. It 
allows for the envisioning of a complementary system of small green spaces that, collectively, can 
make a significant contribution to the urban ecosyste . This strategic direction aligns with the core 
principles of UGI by reinforcing multi-scalar implementation—particularly at the micro scale—
enhancing social inclusion and the engagement of diverse stakeholders, and promoting the 
integration of green and grey components into cohesive and scalable solutions. 

The opportunity to more systematically include private open spaces and to empower citizens 
represents a promising direction for a city like Milan, which is actively engaged in climate change 
adaptation. The city has already seized several collateral opportunities to strengthen its ecological 
network and promote the development of urban green areas — from the construction of new metro 
lines that led to the creation of linear parks on the surface, to the reuse of disused railway yards as 
new public parks [73,74]. However, in order to truly achieve the goals of green space accessibility 
and distribution, it is essential to experiment with innovative approaches. In this context, new models 
of public-private collaboration represent an opportunity that should not be overlooked [75,76]. 

As for the limitations of this study, it is important to highlight that the questionnaire targeted 
residents of Municipality 1. Other studies have shown that citizens’ willingness to participate in the 
implementation of UGI tends to be higher in inner-city areas than in peripheral ones [77]. This may 
be due to the relative lack of green space in central neighborhoods, to demographic characteristics, 
or to other contextual factors. Therefore, the results of this study can be more extended to other dense 
urban centers in European cities, rather than to suburban or peri-urban areas where the urban fabric, 
green space configuration, and social composition differ significantly. 

Finally, the developed toolkit comprises a critically selected set of NbS applicable in private open 
spaces, aimed at enhancing citizens' agency and positioning them as active contributors to the 
realization of UGI. However, for this contribution to be fully integrated within a systemic green 
infrastructure approach, a stronger public-private collaboration is needed, as in the successful case 
of Rotterdam [47,78–80]. This should include: 
• greater recognition by public authorities of the strategic role of private open spaces and of active 

citizenship;  
• administrative and financial tools to facilitate and support private initiatives;  
• technical assistance and monitoring tools to ensure that private interventions are carried out 

properly;  
• ultimately, a long-term strategy in which public and private actions are planned in a 

complementary manner to achieve clearly defined urban adaptation goals. 

5. Conclusions 
This study aims to contribute to the ongoing research effort aimed at understanding how NbS 

can be more systematically integrated into the urban environment. The topic of private open spaces 
and citizen empowerment emerges as an area of significant interest and potential, warranting further 
investigation. Several related aspects still require in-depth exploration, including governance models 
and effective forms of public-private partnerships, methods and tools for systematic monitoring, and 
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assessments of the potential impact and cost–benefit analysis of a widespread transformation of 
private open spaces as integral components of the UGI. 

Supplementary Materials: 1st Focus Group results: https://presenter.ahaslides.com/share/yades-1st-summer-
school-1633080642173-ve5y70yx4t; 2nd Focus Group: https://presenter.ahaslides.com/share/yades-2nd-summer-
school-1653573992604-afyy2za1y5; questionnaire: 
https://forms.office.com/pages/responsepage.aspx?id=K3EXCvNtXUKAjjCd8ope60TaSGsuOhNAvtKjVcRegVt
UNkpXSUQ0VENUV0ZZT0c3RzlFTlFLOThFMy4u&route=shorturl. 
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Abbreviations 
The following abbreviations are used in this manuscript: 

CC Climate Change 
ES Ecosystem Services 
EU European Union 
GI Green Infrastructures 
NBS Nature Based Solutions 
PGT Piano di Governo del Territorio (Territorial Government Plan) 
SDGs Sustainable Development Goals 
UGI Urban Green Infrastructures 

Appendix A 
This appendix includes the structure of the two focus groups held within YADES Summer 

Schools (Table A1 and A2). The interactive questionnaires were presented with Aha Slides, which 
allowed the participants to join the activity with their smartphones to provide answers and also 
expand the discussion through direct interaction.  

Table A1. Interactive questionnaire in the 1st focus group 

QUESTION TYPE ANSWER OPTIONS 
1- which city are you from? open ended  

2- Which urban Cultural 
Heritage layout best describes 

your city? 

multiple 
choices 

ISOLATED BUILDINGS - 
There is not a defined 
historical centre, some 
historical building are present 
within the urban 
environment. 
HISTORICAL CENTRE - The 
historical centre is clearly 
defined and presents 
homogeneous characters. 
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HISTORICAL DISTRICTS - 
Several different areas of 
historical interest are present 
within the urban 
environment 

3 -How would you rate the 
integration of the Urban 

Green Infrastructure in the 
Historical urban area(s)? 

multiple 
choices 

in the historical urban area(s) 
there is a sever lack of green 
spaces and connections 
only few green spaces and 
green connections are present 
in the historical area(s) 
the urban GI fully involves 
also the historical area(s) 

4 -The existing green spaces in 
the historical area(s) are 

mostly... 

multiple 
choices 

public green spaces 
private green spaces 
I don't know 

5 -Referring to the strategic 
plans of your city, a further 
development of the existing 

UGI in historical areas is 
planned? 

multiple 
choices 

yes 
no 

I don't know 
In your opinion, which are the 

main constraints to 
integrating GI into the historic 

areas of your city? 

multiple 
choices 

lack of public open space 
lack of a strategic plan 
lack of green solutions 
adapted to the historical 
context 
extreme fragility of the 
historical context 
lack of incentive policies for 
private initiative 

How would you rate these 
action for the effective 

integration of the GI strategy 
into historical urban areas? [1: 

not important / 5: very 
important]  

scale knowledge of the green 
history of the area 
coordination of private 
initiatives with the objectives 
identified by strategic 
planning 
differentiation of the UGI 
according to the 
characteristics of the context 
(including historical, cultural, 
architectural...) 
development of financial 
instruments to promote 
private initiative (for the 
integration of private spaces 
in the UGI) 

Can you think of other actions 
to promote the integration of 

GI in historical districts? 

open ended 

 

TableA2. Interactive questionnaire in the 2nd focus group 

QUESTION TYPE ANSWER OPTIONS 
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Do you live in Milano? binomial yes 
no 

If NO, where do you currently 
live? 

open ended 
 

Do you have a daily contact 
with nature? 

binomial yes 
no 

If YES, which of these 
modalities are part of your 
daily contact with Nature? 

multiple 
choices 

looking 
passing through 
staying 
practicing 

How do you rate the 
importance of Nature in your 

daily life? 
[1: I don't agree / 5: I agree] 

scale It helps me to relax and 
calm 
It improve my mood 
It improve my 
productivity and 
concentration 
It allow me to do 
practical activities 

Referring to the 
courtyard/private space of the 
house you live in, is there any 

kind of vegetation? 

multiple 
choices 

no, not at all 
yes, but only vegetation 
in pots 
yes, only/also vegetation 
in the soil 

Which actions are more 
relevant in your opinion?  
[1: not important / 5: very 

important] 

scale 
 
trees and high 
vegetation to shadow 
improvement of soil 
permeability and ground 
vegetation 
furnitures to allow 
people to stay (benches, 
tables...) 
playground for children 

Considering to transform 
private courtyards in green 

spaces, which of these 
limitations are more relevant in 

your opinion? 
[1: not important / 5: very 

important] 

scale parking removal 
noise and/or dust for the 
transformation works 
(even if limited in time) 
vegetation brings more 
insects and other 
animals  
costs of maintenance 

Thinking about the 
courtyard/private space of your 
house, what you would like to 

change? 

open ended  

 

Appendix B 
Appendix B includes the content of the questionnaire delivered to the citizens of Milan (Table 

B3). The questionnaire was delivered online on Microsoft form, in compliance with the security and 
privacy standards of Politecnico di Milano. The distribution took place through the network of 
contacts registered in the neighbourhood Multifunctional Community Centres (Centri di 
Aggregazione Multifunzionali - CAM) for Municipio 1. 
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Table B3. Questionnaire structure. 

SECTION 1/3 - COURTYARDS IN MILAN 

Question Options 

1 - What type of housing do you live in? 

single-family house  
duplex house  
apartment in a residential building  
other  

2 - Does your house have a courtyard/garden/open 
space (private or shared)? 

yes 
no 

3 - Where is the courtyard/garden/open space place 
with respect to the building? 

in front of the building  
around the building  
within the block, accessible through a vehicle entrance  
within the block, accessible through the building  

4 - What functions are present within your 
courtyard? 

car parking  
bike parking  
waste collection  
benches, tables or other furniture  
children playground  
dehors or other extensions of private activities  

5- How do you use the courtyard space? 

just passing through  
to spend time outside  
to meet other people  
to park my car  
other  

6- How often do you use the space of the courtyard? Daily  
Some times a week  
Sporadically  
Rarely or never  

7- How much do you think the presence of greenery 
within an urban courtyard is important (regardless 

of whether your courtyard has it or not)? 
[1: not important at all - 5: very important] 

 

8 - Is there any greenery in your courtyard? yes  
no  

9 - What kind of greenery? potted plants  
one or more trees  
natural surfaces (flowerbeds, grass...)  
other  

10 - How do you evaluate the presence of greenery 
within your yard? 

[1: not satisfactory - 5: very satisfactory] 

quantity: the amount of greenery present is adequate 
for the space available  
quality: the types of greenery present are appropriate 
for the space available (potted plants, flower beds, 
trees)  
impact: the greenery present enhances the perception of 
the courtyard space  
accessibility: the greenery present is easily and directly 
accessible  

SECTION 2/3 - TRANSFORMATION SCENARIOS 

Medium to tall trees for shading  
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11- Which of the interventions listed below would 
you like to carry out in your courtyard? 

Accessible and usable green surfaces (grass and flower 
beds)  
Water elements for cooling (fountains, water ponds...)  
Vegetable gardens  
Green walls on the facades of buildings surrounding 
the courtyard  
Furniture for the usability of the space (chairs, tables, 
benches...)  
Children's playground  
Outdoor sports equipment  

12 - Which of the following criteria do you consider 
a priority? 

Absorption of pollutants and improvement of air 
quality  
Aesthetic improvement of the courtyard  
Microclimate regulation ( mainly mitigation of heat 
peak  
Enhancement of biodiversity  
Fostering social interactions and strengthening a sense 
of community  
Support for food self-production  

13 - Which of the aspects listed below do you think 
might be a problem for you? 

Discomfort related to courtyard transformation work 
(noise, dust), even if for a limited period of time  
Increased noise from new activities in the courtyard 
(recreational activities, children's games...)  
Loss of private parking spaces  
Increase in insects and other animals due to the 
increased presence of vegetation  
Increased condominium expenses for the maintenance 
and care of the common space  

14 - Would you be willing to participate in 
community initiatives aimed at greening urban 

courtyards (e.g., volunteering for gardening, 
maintenance, or planting activities)? 

yes  
no  
I don’t know  

15 - Would you support the regulated opening of 
your home's courtyard to people not domiciled in 

the surrounding buildings? (the use by outside users 
is limited to certain time slots) 

yes  
no  
I don’t know  

SECTION 3/3 - GENERAL INFORMATION 

16 - In which district of Milan do you live?  
17 - In which neighbourhood?  

18 - What is your age?  
19 - What gender do you identify with?  
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