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Abstract: Urban public space faces increasing challenges due to the accelerating impacts of climate
change, necessitating a paradigm shift in how cities adapt their built environments. This paper
presents a case study on integrating Nature-based Solutions (NbS) with urban infrastructure,
focusing on the design and development of Urban Oasis, a modular and multi-sensory urban
furniture system. Urban Oasis functions as a climate adaptation tool, incorporating rain gardens to
manage stormwater, mitigate urban heat island effects, and enhance biodiversity, while integrating
smart features such as climate sensors, irrigation systems, lighting, speakers, and electric vehicle
chargers. Through a practice-based design methodology, the study explores how transdisciplinary
collaboration can inform the development of adaptive, resilient, and equitable urban interventions.
The findings demonstrate the potential of NbS-integrated urban infrastructure to address the
complexities of climate adaptation while enhancing social, ecological, and technological resilience.
The results, validated through an integrated design checklist, contribute to ongoing discussions on
urban design frameworks, emphasizing a multi-layered and systemic approach that intertwines
architecture, social innovation, multi-species design, and sensory engagement to reimagine public
space for future climate resilience.

Keywords: climate adaptation; Nature-Based Solutions (NbS); urban resilience; research-through-
design; urban infrastructure; transdisciplinary design; rain gardens; sustainable urban furniture

1. Introduction

Urban public space increasingly presents itself as a design challenge for cities due to the
changing demands produced by climate change and the rapid social and technological
transformations currently taking place. While climate change is a holistic phenomenon occurring on
a planetary scale, its effects are felt locally, close to citizens. These effects are perceived in outdoor
spaces as much or more than indoors, forcing the search for immediate solutions and elevating the
redesign of cities' outdoor spaces to a level of urgency and prominence [1].

Adaptation strategies for urban spaces in response to climate change must also address the
inherent rigidity of the built environment, which is often characterized by a lack of flexibility. This
inflexibility stems from urban structures and spatial configurations that were originally designed to
accommodate the environmental and social demands of a pre-climate-change era, thereby limiting
their capacity to respond effectively to evolving climatic conditions within a given context. Urban
buildings, streets, and squares are, by definition, difficult to adapt and repurpose. Furthermore, the
very nature of urban planning regulations and their drafting and approval processes develop at a
slow pace that cannot easily adapt to the fast-changing needs of society and natural environmental
conditions in the context of a rapidly changing climate [2,3].
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Increasingly, the lack of interdisciplinary collaboration in the formulation of urban strategies
remains a significant barrier to the effective design and development of sustainable and liveable
cities. Disciplinary fragmentation in urban planning and the absence of a long-term holistic vision
hinders the transition toward more sustainable cities [4—6]. A multi-disciplinary approach to research
and practice in urban design and architecture may be critical for effectively addressing these
challenges. [7] emphasizes the need for a transdisciplinary approach in urban design research and
practice to address public health challenges in cities. Collaboration among architects, urban planners,
designers, sociologists, epidemiologists, and other professionals is essential to understanding and
addressing the complex interactions between the built environment, human behaviour, and health in
cities [1].

Urban resilience in architecture as a way to react to climate change, regarding both mitigation
and adaptation, often focuses on monitoring energy consumption in buildings and reducing CO2
emissions in infrastructure and transportation. These actions are mainly addressed through the
implementation of IT solutions that help collect data and the improvement of building envelopes and
facilities, skipping the evident urge to redesign the very shape and components of the common open
urban space, the common shared living rooms of cities. To date, climate change adaptation in the
urban environment has primarily focused on the problem of increased solar radiation and
temperature in public spaces. Other types of adaptation strategies are being implemented,
particularly for disaster prevention and sea-level rise, among others. However, on a local scale, there
is an urgent need to define urban intervention methods and processes that address climate change in
a more holistic, multifaceted, and organized manner [8,9].

The example of climate shelters (i.e. public spaces that provide thermal comfort to the most
vulnerable inhabitants see [10] implemented in cities such as Barcelona and Bilbao [11,12] seems
promising. However, mapping and repurposing existing buildings, parks, and spaces does not seem
sufficient as a long-term solution [8]. At the same time, the use of Nature-based Solutions (NbS) in
the search for and implementation of climate adaptation is on the rise. Again, it is still unclear how
such solutions can be effective in the lack of long-term planning and evaluation of their integration
with and impact on the local communities they are meant to serve [13-15]. Maladaptation is a
concrete risk, and efforts made to prevent the effects of climate change end up making people and
places even more vulnerable to such effects [16]. Taking into account the intangible layers of the urban
space e.g. people’s interactions with other human and non-human actors, an ecological, multi-
sensory approach to human perception of space, and the engagement of residents in adapting the
city’s space to climate change are becoming key factors, moving forward, for a successful climate
adaptation [1].

In this article, we present the design process and definition of a novel modular, multi-sensory
Nature-based-Solution (NbS) for adaptive urban furniture for the city space. The solution - called
Urban Oasis - resulted in an industrial patent (Utility Model U243580ES) and primarily aims at
providing a multifunctional urban infrastructure that integrates rain gardens within paved urban
areas designed to capture, filter, and manage rainwater to help mitigate urban flooding and reduce
heat island effects. Urban Oasis also incorporates modular tubular supports that house urban
functional features, such as climate sensors, irrigation systems, lighting, and electric vehicle chargers,
contributing to climate change adaptation and urban resilience. It is the main outcome of the research
project “Urban Furniture for a Sustainable and Egalitarian City" [17] jointly funded by the Basque
Government, the University of the Basque Country UPV/EHU, and the private company
Transformados Metaliscos S.L. between 2022 and 2024. The research project aligns with SDG11,
"Sustainable Cities and Communities," and is part of the University-Industry-Society collaboration
program involving the architecture and engineering departments of UPV/EHU, along with invited
artists and researchers. The project's global objective is the design and development of urban
furniture as an adaptive system that takes into account current social, technological, and climatic
challenges for the entire life cycle of the product, from the preliminary analysis and design to the
development and implementation process.
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In the course of the project, the importance of climatic, environmental, and sustainable factors
as emerged from the collection of both quantitative and qualitative data (see [17]), repositioned the
research from an initial investigation on the possibilities of f urban furniture in a changing urban
realm to the definition of solutions for urban climate change adaptation. From the first phase of the
research, a Design Checklist emerged as the first element of a framework that supports designers
toward the definition of more sustainable, equitable, and climate-adaptable urban solutions. In this
article, we describe how Urban Oasis aligns with the Design Checklist and integrates the different
tangible and intangible layers that concur in shaping our current - and future - experience of the
urban space in the context of climate adaptation.

2. Materials and Methods: Practice-Based Research

The challenges highlighted in the previous section require renewed research methodologies that
can inform the definition of efficient and effective strategies for climate change adaptation and the
rethinking of public space design. Likely, if we do not change the way we ask questions, we will not
find new answers. To this end, in our research, we adopted practice-based research as the reference
framework to first formalize the guiding questions of the study and later guide the design of the new
solution. Practice-based research and Research through Design (RtD) are a methodological process
in urban and landscape design that involves formulating research questions and engaging in iterative
design processes. These processes include testing of design alternatives to ensure the validity and
robustness of the design outcomes. The knowledge generated through RtD is embodied in the final
design artifacts, which can be either site-specific solutions or replicable design principles applicable
to multiple contexts [18]. Such an approach is, in our belief, of the utmost importance especially in
the fields of architecture and urban design as it vindicates practice-based research as a valid form of
inquiry. In this sense, advocating for a designerly way of knowing [19] in architecture and urban studies
is key to systematically leverage the very act of designing as a research method and a legitimate way
of inquiring and researching.

Table 1 illustrates the different relationships between traditional normative research and design
as a form of research [20].

In the words of Giaccardi and Stappers "In the generative process of ideation, concept development,
and making that brought this prototype into existence, the designers have struggled with opportunities and
constraints, with implications of theoretical goals/constructs, and the confrontation between these and the
empirical realities in the world. In other words, any designer involved with the prototype will have had to
navigate around the real-world obstacles that got in the way of building the best bridge between the product
and its user." [20], [Section 41.1.4].

Table 1. Differences between traditional forms of scientific enquiry and design-driven research. The tension
between the two approaches is analysed according to the purpose, result, orientation, and outcome of the
research [20].

Research Design
Purpose General knowledge Specific solution
Result Abstracted Situated
Orientation Long-term Short-term
Outcome Theory Realization

In this article we describe the second phase of a research project where the balance between
theoretical and practical investigation was essential. In the first phase, we defined the theoretical
framework for the design of solutions that address climate adaptation in urban space [1,17] the
research questions and goals. We then conducted a qualitative and quantitative study which included
keywords analysis, expert interviews, and case studies analysis, which helped us define a Design
Checklist (see Section 2.2) as a tool to inform the conceptualization, design, and implementation of
real-world solutions for climate adaptation in the city space. We conducted a series of preliminary
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design actions, both theoretical and practical, to situate the conceptualization of such solutions within
the context of the Basque Country, Spain, where our research is situated [21]. In this article, we
describe in detail the second phase of the research by documenting the conceptualization, design,
and technical development of a novel urban furniture solution - Urban Oasis, now registered as a
patent - which is expected to be implemented and tested in a real environment in the city of Bilbao,
now at the forefront of research and public policies on the adaptation of the urban space to climate
change and its threats [1]. We addressed the development of Urban Oasis as a practice-based-research
endeavour and specifically, as a Research-through- Design project. In the specific case of climate
change adaptation in the city space, where general, long-term strategies have to go hand in hand with
short and medium-term tactics, we believe that practice-led research, with its conjectural nature and
iterative processes, can be highly effective.

In the following sections, we first briefly describe the conceptual framework against which the
design process was conducted. Secondly, we describe in detail the adopted design method of the
Double Diamond and its phases (Discover, Define, Develop, and Deliver) and how they were

adopted in our project.

2.1. Overlapping Layers: The Integrated Design Framework

The practice-led research endeavour described in this paper has to be regarded as a first design
action towards the definition of a broader framework for designing climate adaptation in the urban
space which the co-authors of this paper are developing [1]. The framework advocates for a
transdisciplinary approach to urban space design in the light of the climate crisis and notably in the
light of the scarce results, to date, of climate adaptation (if not maladaptation, see [16]) designs and
policies [22]. The framework is based on four layers that address the city space on a continuum from
tangible (i.e. architecture and urban design solutions) to intangible (social innovation, multi-species
approach, multi-sensory perception). As shown in Figure 1, while the layer of architecture and urban
design is already well established as it provides existing solutions to climate adaptation, the
remaining three layers are the expression of emerging research that sees the city as an organic (or
post-organic) entity, fostering a holistic, transdisciplinary approach to design solutions.
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Figure 1. Integrated Design Framework. Integrated future solutions are multi-layered i.e. they combine
architecture and urban design with social innovation, multisensory analysis, more-than-human and

multispecies design.

By definition, layers work as parallel blankets of data: By overlapping them we can identify how
these planar categories interact with each other to deliver new patterns of information and structure
of events [23]. As we will describe in Section 3, Urban Ouasis stems from the interconnection of all the
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layers to create a conceptual and physical suture between the more tangible and less tangible layers,
thus providing a solution that is not only transdisciplinary but also transversal across the layers.
Urban Oasis incorporates urban furniture design into water gardens, an element already being
implemented as a NbS for creating climate shelters in cities. The combination of design and ecology
makes it essential to approach the project in a transdisciplinary manner. Although their benefits and
efficiency are still unclear (see [24]) we believe that the use of NbS provides an innovative foundation
on which to build the integration of the intangible layers of social innovation, multi-species, and
multi-sensory approach to the design of successful urban adaptation.

2.2. The Double Diamond Method and the Design Checklist

In this project, the design development followed the classical steps of the Design Thinking
“Double Diamond” methodology (Figure 2). The Double Diamond was introduced by the Design
Council [25] and it is widely used as a reference design method in a variety of contexts (e.g. design
of services, analogue or digital products, public policies). The first phases, traditionally called
Discover and Define, involve the integration of a state-of-the-art assessment (e.g. analyses of
keywords from scientific literature, interviews with professionals with expertise in the field) with the
accumulated knowledge and experience of the research team [26].Typically, the material collected
during the Discover phase will inform the definition of a descriptive brief of the project (the Define
phase), which may include external clients’ or stakeholders’ requirements alongside external
constraints or self-imposed limitations that the design team identifies as fundamental for
development [27]. In this design-driven approach, the conjectural nature of design as a discipline is
a key premise, and the designers’” own accumulated experience [26] and initial idea generators (the
primary generators, see [28]) become integral to the workflow.

Figure 2. The Design Thinking Double Diamond design methodology, with the four phases Discover, Define,
Develop and Deliver which lead from the conceptualization to the production or implementation of a new

product or service. Source: The Design Council.

In the Double Diamond the Discover phase is expansive and opens up a number of design
possibilities and establishes the research questions and goals of a design process, while the
subsequent Define phase narrows them down to ensure the design is sufficiently valid [29]. In this
project, the Discover and Define phases led to the definition of a Design Checklist (see [17] for further
details) that identifies 12 key parameters that successful solutions for the design of the urban space
should include:
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1. Pedestrianization: Prioritize pedestrians by reducing car traffic and introducing lighter
mobility options, enhancing urban liveability.

2. Applied Technology: Use smart systems (e.g., sensing, 3D printing) for efficient space, traffic,
and waste management while fostering interaction between people and cities.

3. Universal Accessibility: Design inclusively by considering all abilities (including temporary
disabilities and non-human entities) for equitable urban spaces.

4. Multifunctionality: Create adaptable spaces for recreation, culture, and commerce. Incorporate
modular designs to ensure resilience during emergencies and efficient space use.

5. Durability: Use weather-resistant, vandal-proof materials for urban furniture to withstand
climate uncertainties and ensure longevity.

6.  Green Spaces: Integrate green areas to improve air quality, climate adaptation, and water cycle
management, promoting ecological sustainability.

7. Liveability/Social Sustainability: Prioritize liveable urban spaces that enhance quality of life,
addressing post-pandemic social and environmental challenges.

8.  Sustainable Logistics: Plan efficient logistics with loading zones, decentralized hubs, and
sustainable vehicles to support rising e-commerce and emergencies.

9.  Modularity: Design flexible urban furniture for diverse uses, maximizing inclusivity,
sustainability, and adaptability.

10. Urban Safety: Ensure perceived safety through lighting, open spaces, visibility, and secure
mobility networks (e.g., bike lanes).

11. Cultural Identity: Preserve history and include local art to strengthen identity, promote
belonging, and integrate diverse cultures.

12.  Multimodality/Commerce: Balance pedestrian, cyclist, and PMV mobility with commercial
needs through thoughtful design and conflict management.
During the project, the Design Checklist has been adopted as the guiding tool to validate the

compliance of the different phases - from conceptualisation to development - with our primary goal:

to provide novel solutions for the climate adaptability of the sustainable and egalitarian city of the
future.

2.3. Research Team

In the Develop and Deliver phases (the second half of the Double Diamond method), we relied
on a multidisciplinary team to define initial work principles following the design framework and
tools established in the Discover and Define phases. The team is composed of researchers in
engineering with expertise in biomaterials and circular economy with an industrial
focus; researchers in architecture with expertise in landscape, public space, and city studies,
architects with expertise in urban furniture design, 3D modelling, and 3D design, an artist with
expertise in fast prototyping and video production, and a modelling expert from the University of
the Basque Country (UPV/EHU). To complement the development of the intangible layers of our
approach to design (see Section 2.2), experts in soundscape studies, interaction design, and social
innovation from the Design Research Group at the University of Deusto were also engaged. The team
also counted on an industrial partner, the company Transformados Metalicos SL, specialised in high-
quality steel construction with a strong emphasis on sustainability. Additionally, to complement the
development of social and perceptual aspects of the intangible layers, we engaged experts in sound,
interaction, and social innovation from the Design Research Group at the University of Deusto. The
project posed a significant challenge for the design team as it involved creating a novel solution in a
field where formal innovation (i.e. related to the formal appearance of a product, vs radical
innovation of a product’s substantial characteristics and usages) is the common approach. With this
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project, our aim was to go beyond mere formality to pave the way for a potential paradigm shift in
how public space and its components are designed to adapt to climate change.

2.4. Evolution and Development of the Idea

Once defined the design framework of reference (see Section 2.1) and the appropriate design
tools (the Design Checklist, see Section 2.2) the team began to sketch and evaluate ideas and concepts.
The third phase (Develop) is expansive and, as such, allows for the free contribution of ideas and
generative drawing. The initial concepts that emerged aimed for a simple, understated formal unit
i.e. the minimum formal element that would later be replicated as a system or network, and installed
at various points in the city, offering multiple solutions. We first explored simple components (such
as ring-shaped elements, see Figure 3) that could cooperatively or parasitically anchor to existing city
elements such as lampposts or trees. The goal was to leverage existing elements for greater
sustainability, add minimal visual noise to the existing cityscape, and blur the boundary between
natural and artificial by using elements from both realms in similar ways. This initial phase of the
Develop stage along with the mapping of potential locations where such embryonic elements could
be used in the Basque Country is detailed in [21].

oi\
’w‘cf.u‘

B@

Figure 3. Initial sketching phase of the future solution, with the ring-shaped element as the embryonic
foundation component. Specific sites of the city of Bilbao were also identified where the solution could be

piloted.

This initial approach helped us identify key design decisions such as working with metallic
elements and sustainable materials and utilizing a production approach aligned with the
manufacturing methods of the project’s industrial partner. This ensured process economy and better-
controlled LCA (Life Cycle Assessment). However, the placement and integration of the components
into the city’s pavements, streets, or squares were still unclear. In the following iteration of the
Develop phase, the team deepened the study of the manufacturing process to explore the usage of
steel tubes to create tree-like structures (see Figure 4).
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Figure 4. First prototyping of the ring-shaped foundation element with cardboard and steel elements.

The original ring-shape evolved into a trunk-like shape that could support the solution’s
functional components by, similarly to a lamppost, grounding on the city’s pavement. These modular
trunks and shapes, designed with adjustable and combinable forms, were open-ended and, after
consulting diameters and turning radii, deemed feasible for production by the company. The
structure could include solar panels and/or shading elements to create adaptable climate shelters.
Additionally, these tubular components could house sensors, water sprinklers, colour, lighting,
electric chargers, cameras, acoustic sensors and audio speakers, and other functional pieces along
their length and at their ends, thus maximising the potential for the solution to integrate all the four
layers of our design framework i.e. to consider multi-sensory elements both for data collection (e.g.
acoustic sensors to measure the sound level or even identify sound sources, see [1]) and for multi-
sensory design actions toward improved wellbeing of residents [30].

Still, the solution required a fundamental layer (see Figure 1) to bridge the gap between the city
as a traditional human-centred design and a vision where other species could find refuge, fostering
a gentle transition between the harshness of the urban environment and the natural world. As a
concept design, the team speculated about removing the city pavement to reveal the primal forest
beneath as a regenerative oasis, a hybrid and refreshing space in the city (Figure 5). This hole, this
void, this indiscriminate cut—this urban oasis—would serve as the habitat where our modular
elements can grow. Like a ubiquitous invasive rhizome, we envisioned perforations that,
disregarding the boundaries between sidewalks and roads, can be shaped according to the needs of
mobility, shelters, or other social, perceptual, and interspecies layers within the public realm.
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Connecting to the
primeval forest beneath:
A Functional Rain Garden

Figure 5. Concept development for Urban Oasis as a void that connects the urban space with its underground

foundational roots.

Like a network of plants and roots these perforations could conceptually - and perhaps
physically - connect through a systemic rhizome, transforming our solution into a natural
interconnected organism (Figure 6). This rhizome would establish symbiotic relationships with the
roots of existing trees and the city's underground infrastructure.

L P o Wikl (eurr) PRey
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Figure 6. Sketches of Urban Oasis as a rhizomatic solution that connect the anthropic above-ground realm of the

city space with its ancestral, underground roots.

Each circular void perforated into the city's surface houses a rain garden on which the modular
steel elements are installed. The perforation system with rain gardens enhances the permeability of
urban floorings. In addition to hosting potential uses, functions, and shelters on its upper part, it
optimizes flood risks and improves the water cycle by increasing the porosity of an ecosystem that
lacks permeability, such as urban ground.

This solution presents an innovative approach if compared to the state-of-the-art climate change
adaptation solutions (see [17] for a recent review). The design is conceived as a modular, living
system that evolves and adapts - a model of resilience and adaptability. The final design of Urban
Ousis is conceived as a network of points where each unit consists of a circular opening in the urban
pavement with a rain garden, a concealed foundation footing, and functional aerial elements (Figure
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7). The overall system of units creates a network of green points that function as urban refuges, where
the green infrastructure of the rain garden provides interconnected urban and social functions and
potential climate sheltering

Modular Stainless-steel Tubes
Rain Garden
Concrete Foundations
Urban Infrastructures
Electric Vehicle Charger
Shelter
Camera
Speaker
Scents + Sprinklers

. Sensors

.Circle Cut Finish

== O 000 d WN =

= o .

Figure 7. Urban Oasis consists of a circular opening in the urban pavement with a rain garden, a concealed
foundation footing, and functional aerial elements. Numbers from 1 to 11 describe the combinable individual

elements that compose the solution.

The solution offers a sustainable urban furniture system distinguished by its modular design
versatility and integration into city pavements through an opening where the concrete foundation
that supports the aerial elements of the furniture is housed and connects to urban infrastructures
(Figure 8).

Grasses
and Sedges

Figure 8. First sketch of instructions to assemble and ground Urban Oasis in the city space. Different elements

(sensors, multimodal displays, electric charges) can be added to the aerial stainless-steel tube as appropriate.
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The opening where the foundation is located has an approximate diameter of two metres and
can be adjusted according to specific needs. The circular opening is cut into the pavement, finished
around its perimeter, and accommodates a rain garden, which is a typified NbS. This rain garden
shares with the foundations the space within the circle and contributes to improving drainage and
permeability of the city's surface [31], thereby facilitating the natural water cycle and reducing flood
risk. The aerial elements of the furniture design which emerge from the foundation, are made of
hollow stainless-steel tubes with a diameter of 50 mm and a thickness of 2 mm (also adjustable as
needed). The pieces are predominantly curved and modular, allowing multiple configurations, using
standard compound units. The joints are made using a stainless-steel connector piece. Power and
data run through the interior of the tubes, and at the top and along selected points of the tube shaft
functional elements such as sensors (e.g. temperature, light, sound, presence), cameras, lights,
speakers, supports for covering elements, electric vehicle chargers, and other functional components
can be housed. The reader can refer to Figure 7 to see how each of the elements is integrated into
Urban Oasis. The system's fundamental components (elements 1, 2, and 3 in Figure 7) are:

13. Rain Garden: A circular opening in the city's surface that houses the various elements required

for a rain garden. It is designed with filtering components suited to the climatic conditions and
features native plants. It includes a foundation for the aerial components of urban furniture
design and connections to the city’s underground installations.

14. Aerial Modular Elements: Stainless steel tubes anchored to the foundation within the rain
garden (1). These tubes are designed with specific curves, diameters, and materials defined by
the industrial partner of the project and combinable through custom-designed joints. They are
manufactured to accommodate functional components (3).

15.  Functional Components: These are installed along the tubes (2) or at their tip. They may
include sensors, lights, cameras, chargers, sprinklers, and other elements. Additional features,
such as canopies, shading covers, solar panels, or speakers, can also be integrated into these

tubes.

3. Results: Urban Oasis— A Patented Solution

The result of the research presented in this article is formalized as an industrial solution in the
form of a Utility Model, whose registration application has been submitted to the Spanish Patent and
Trademark Office (number U202432323).

3.1. Justification of Innovation

The project’s innovation and patentability are justified as a contribution to the advancement of
knowledge and the industrial application of innovative solutions for public spaces, directly linked to
urban adaptability to climate change. While patents related to rain garden systems and urban
drainage solutions already exist, Urban Ouasis introduces significant novelty through its unique
combination of functionalities. The differentiating aspect lies in the integration of functional aerial
elements within the hollow stainless-steel tubes, which not only serve as the furniture's structure but
also house sensors, cameras, lights, electric chargers, speakers, and other technological components
that provide multiple urban services. These elements are not described in current patents, granting
the solution a clear competitive edge and patentability. Although rain gardens and modularity
concepts are well known, the integration of smart urban technology and the system's ability to
function both as urban landscaping and as part of the technological infrastructure of cities represent
clear innovation. This approach combines sustainability elements with current demands for
connectivity and urban services, reinforcing its feasibility as a patentable invention.

Urban Oasis can have significant applications across various industries due to its combination of
NbS and smart urban technology. The main applications include:
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1.  Urban infrastructure and public furniture: The system can be adopted by cities to enhance
public spaces, integrating NbS that improve stormwater management and reduce flooding
risks. Its ability to house elements such as lights, cameras, speakers, and sensors enables the
creation of smart urban infrastructure, facilitating environmental monitoring, safety, and
efficient resource use in urban areas.

2. Real estate development and sustainable urbanization: In real estate development, this system
can be integrated into urbanization projects aimed at meeting environmental regulations and
sustainability goals. By providing both green infrastructure and functional furniture, it is ideal
for residential and commercial complexes requiring sustainable drainage solutions and carbon
footprint reduction through renewable energy use and smart technologies.

3. Transportation and electric mobility: The integrated electric chargers within the furniture
elements offer an innovative solution for cities aiming to promote the use of electric vehicles.
This system can be installed in strategic locations such as parking lots, bus stops, or waiting
points for scooters and electric bikes, supporting sustainable mobility infrastructure.

4. Smart and connected cities: Smart furniture equipped with sensors and data connectivity
facilitates the collection of valuable information for connected cities [32], such as weather
monitoring, noise levels, temperature, or air quality. This real-time monitoring capability
allows cities to improve operational efficiency and enhance citizen experiences.

5. Urban regeneration and green infrastructures: This system can also play a key role in urban
renewal projects, transforming degraded industrial or commercial areas into multifunctional
green spaces. By improving soil permeability and reducing urban heat impacts, the system
contributes to the environmental regeneration of cities.

Urban Oasis offers a multifunctional approach that not only addresses the environmental
challenges of modern cities but also enhances technological connectivity and the efficiency of urban

services. This makes it an integral solution for designing and developing sustainable cities, aligning
with SDG 11: Sustainable Cities and Communities.

3.2. Technical Description

Figure 9 shows urban infrastructure (100) comprising three hollow tubular supports (104). Each
hollow tubular support (104) includes at least one straight tubular section (105) and at least one
curved tubular section (106). The length of each tubular section (105, 106) may vary, thereby creating
hollow tubular supports (104) of arbitrary shapes. The opening on the urban pavement that
accommodates the rain garden is circular. However, other geometric shapes can be implemented in
the design of the urban rain garden. The hollow tubular supports (104) are anchored at one of their
ends to a foundation (102). This foundation (102) extends from one edge of the circle defining the
opening in the urban pavement where the urban rain garden (100) is located to the opposite edge. In
the arrangement shown in Figure 9, the foundation (102) is Y-shaped, connecting points on the
perimeter of the opening to a central area within it.
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> 104

Figure 9. Description of the technical components of Urban Oasis as per the patent application.

The part of the urban infrastructure (100, left side of Figure 9) not occupied by the foundation
(102) comprises an urban garden (101). The urban rain garden (101) includes an outer layer with
vegetation (103) and underlying layers of filtering material (not shown) configured to filter water
entering the urban rain garden (101). Naturally, the rain garden (101), particularly its filtering layers,
can extend beneath the foundation (102). The right side of Figure 9 shows urban infrastructure (200)
where the tubular supports (104) feature straight sections (105) and curved sections (106) of varying
lengths, assembled in a sequence different from those of the tubular supports (104) in the left side of
Figure 9. This variation produces tubular supports (104) of different shapes, optimizing the design
for its intended urban functionality.

Figure 10 depicts urban infrastructure (300) with multiple hollow tubulars supports. In this
arrangement, the opening in the urban pavement defining the urban rain garden (300) is circular. The
foundation (102) anchoring the hollow tubular supports (104) has a cross shape, with arms arranged
transversely and a central connection point within the opening. The area of the urban rain garden
(300) not occupied by the foundation (102) comprises an urban garden (101). The urban rain garden
(101) includes an outer layer of vegetation (103) and underlying layers of filtering material (not
shown) configured to filter water entering the rain garden (101). Naturally, the rain garden (101),
particularly its filtering layers, can extend beneath the foundation (102).
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304 _ 300

FIG. 2

Figure 10. Different combination of elements in Urban Oasis, with multiple hollow tubulars supports.

In this case, the foundation (102) extends to the outer surface of the urban infrastructure,
meaning no vegetation (103) grows on it. In alternative embodiments, the foundation (102) is buried,
allowing vegetation (101) to grow over the entire area of the opening. Beneath the foundation (102),
the rain garden (300) may also include layers of filtering material (308) configured to filter water
entering the urban rain garden (300). Below the filtering layer (308), there may be connections (307)
to the urban sewage system, configured to evacuate excess water received by the urban rain garden
(300).

A plurality of hollow tubular supports (104) are anchored to the foundation (102). Each hollow
tubular support (104) comprises multiple straight and curved sections of varying lengths, optimizing
the resulting shape of the hollow tubular support (104) for its intended function.

The hollow tubular supports (104) can incorporate various devices that provide service and
functionality to the urban rain garden (300). Devices such as speakers (302), telecommunications
antennas (303), lamps (304), or electric charger connectors (306) can be integrated into the hollow
tubular supports (104). These supports (104) with integrated devices (302, 303, 304, 306) are connected
to the electrical power supply through their anchor point on the foundation (102). The hollow tubular
supports (104) may also include liquid sprinklers (305) or parasol surfaces (301). Supports (104) with
liquid sprinklers (305) are connected to liquid conduits through their anchor point on the foundation
(102).

In this text, the word "comprises" and its variants (such as "comprising,” etc.) should not be
interpreted exclusively; that is, they do not exclude the possibility of the described elements including
other components, steps, etc. Additionally, the invention is not limited to the specific arrangements
described but also encompasses variations that could be implemented.

4. Discussion

This article addresses key aspects of urban sustainability, adaptability, and multifunctionality
through the innovative design of both rain gardens and urban furniture. Starting from an
investigation that aimed to answer the need for a paradigm shift in the design and implementation
of urban furniture and public space elements for a more sustainable and egalitarian city, the research
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defined an actual implementable solution for the adaptation of cities to climate change. While
theoretical and practical research in this field is advancing, the definition of specific usable and
adaptive solutions validated in a real environment is still an unfulfilled need. We propose the use of
modular and interactive Nature-based Solutions that aim to blend the artificial and human-centred
with the natural and more-than-human to provide a holistic approach to the challenges posed by
climate adaptation.

With this research, we also want to vindicate design as a valid form of research. The research
hereby presented was conducted following an iterative design-driven process validated through the
lenses of a previously defined Design Checklist and against a design framework, currently in
progress, that incorporates the overlapping tangible and intangible layers of the urban realm into the
design of real-world solutions. The first outcome of our approach is a registered industrial patent for
the novel solution Urban Oasis.

Below, we summarise how the proposed design fulfils the Design Checklist criteria and
interconnections the layers of our Integrated Design Framework.

4.1. Alignment with the Design Checklist

Urban Oasis adheres to the key principles outlined in the Design Checklist, specifically:
1. Pedestrianisation: The design prioritises pedestrian use by replacing conventional paved

surfaces with permeable gardens, promoting walkable and green public spaces.

2. Applied Technology: Environmental sensors, motion detectors, and other embedded
technologies enable smart management of urban spaces, providing real-time data on
environmental and social conditions.

3. Universal Accessibility: Modular designs allow inclusivity for users of all abilities, ensuring
equal access and use.

4. Multifunctionality: The rain garden incorporates features for environmental monitoring, public
utility (charging stations), and ecological integration, showcasing its adaptability for diverse
urban contexts.

5. Durability: The use of stainless steel and other robust materials ensures longevity and
resistance to climate-related challenges.

6.  Green Spaces: By integrating rain gardens, the design contributes to ecological sustainability,
improving air quality, managing water cycles, and enhancing urban biodiversity.

7. Liveability/Social Sustainability: The inclusion of seating areas and water points within a rain
garden design encourages the use of these spaces for social interaction and leisure, enhancing
community engagement (Wang et al., 2024).

8.  Sustainable Logistics: The design integrates with urban infrastructure to ensure efficiency in
water and energy usage, supporting broader sustainability goals.

9.  Modularity: Its scalable and reversible components allow adaptation to various urban
environments, creating a flexible system suitable for long-term use.

10. Urban Safety: Enhanced lighting and open design improve visibility and perceived safety for
urban users.

11. Cultural Identity: The customizable design respects local aesthetics and integrates with
community-specific cultural elements.

12.  Multimodality/Commerce: The modular system balances pedestrian, cyclist, and commercial

needs, enhancing the overall functionality of public spaces.
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4.2. Interconnection of Layers

The proposed design integrates and connects the tangible and intangible layers of the Integrated
Design Framework. Tangible layers, such as architecture and urban furniture, serve as the
foundation, while intangible layers (social innovation, more-than-human components, and
multisensory design) enhance the system’s inclusivity, functionality, and ecological integration. The
design’s transversality is achieved by stitching together the layers conceptually and physically. For
example:

e  Social innovation is incorporated by creating an inclusive, adaptable space for diverse users
based on the principle that healthy shared environments “protects communities from exposure to
environmental harms and is conducive to the physical, mental and social well-being of its inhabitants”
[30].

e More-than-human components [33] are addressed via green infrastructure that supports urban
biodiversity and ecological health. Rain gardens attract various species such as bugs, butterflies,
birds and bees, creating an urban solution to the declining population of beneficial species in
human environments due to habitat loss.

e Functional elements that support multisensory design (e.g. speakers, lights) can be used to
enhance human and non-human resident populations’ connection to the urban environment,
improving quality of life. For instance, soundscape design can be integrated to leverage the
restorative power of sound and create a healthier environment for individuals and society.
Additionally, ongoing research shows that natural soundscapes can improve perceived comfort
in urban space [34].

e  Phyto-purification system becomes an element of interest at both perceptive and didactive levels
[35]. The rain garden is a miniature ecosystem that reproduces the natural water cycle, becoming
an educational tool to raise awareness among younger generations of its importance in climate
adaptation.

e The system leverages Nature-based Solutions (NbS) as a core strategy to address climate
adaptation challenges in urban environments. Rain gardens serve as ecological hubs that
improve water management, reduce heat island effects, and enhance urban biodiversity [36].
This approach offers an alternative to traditional hard infrastructure, promoting sustainability
and resilience while integrating seamlessly with existing urban networks.

5. Conclusions

This research underscores the importance of a transdisciplinary approach to urban design,
combining architecture, engineering, ecology, and social sciences to develop innovative solutions for
climate change adaptation. The Urban Oasis rain garden exemplifies how multifunctional and
modular urban infrastructure can address the complexities of urban environments while adhering to
sustainability principles.

By integrating tangible and intangible layers within the urban fabric, the proposed rain garden
design goes beyond conventional solutions, handling not only environmental challenges but also
social and technological needs. Its modular and scalable nature enhances widespread application
across various urban contexts, making it a versatile tool for cities aiming to achieve SDGI1:
"Sustainable Cities and Communities."

The next steps in the development of Urban Oasis include:

Full-scale prototyping and implementation of the design at a pilot location.

Testing and validation of its functionality, durability, and user interaction.

Refinement of the design based on empirical findings to ensure long-term feasibility and

impact.

This research highlights the critical role of integrated design frameworks and practice-based
research in creating more liveable, equitable, and climate-resilient cities.
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6. Patents

The result of the research presented in this article is formalized as an industrial solution in the
form of a Utility Model, whose registration application has been submitted to the Spanish Patent and
Trademark Office (number U202432323).
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