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Climate change demands innovative and holistic approaches to urban design
that address both the tangible and intangible challenges posed by a rapidly
evolving environment. This article explores the necessity of a transdisciplinary
approach to climate adaptation in urban spaces, emphasizing the integration
of architecture, social innovation, more-than-human design, and multisensory
analysis. We examine the current approaches and controversies of architectural
and urban solutions to climate adaptation. Drawing on the state-of-the-art
from key fields, we discuss the potential of Nature-based Solutions, co-creation
practices, and multimodal design to create adaptive urban spaces that address
the physical, emotional, and social needs of human and more-than-human
inhabitants. The article reviews emerging frameworks and case studies,
including climate shelters, biodiversity-inclusive design, and the integration of
soundscapes and smellscapes, to demonstrate the importance of considering
diverse perspectives and stakeholders. By synthesizing these findings, we
propose an integrated design framework for climate adaptation that moves
beyond traditional architectural approaches by overlapping intangible layers of
social awareness, ecological diversity, and cultural sensitivity.

KEYWORDS

climate adaptation, climate shelters, urban space and architecture, more-than human,
multispecies, multisensory, soundscape

1 Introduction

One of the main challenges in city design lies in a misalignment between the
rhythm to which urban space as an artificial human and more-than-human ecosystem
evolves, and the often-abrupt transformative pace at which the socio-political, cultural,
and emotional experiences of its inhabitants enfold. Urban planning regulations, which
tend to operate in a top-down manner and require consensual approval through well-
defined legal and political procedures, prevent a prompt response to the city’s situation
as a living evolving entity (Rius-Ulldemolins and Klein, 2020). The concept of resilience
is, in some ways, contrary to the normative essence and inflexibility of urban planning
(Yang et al., 2020). Today, this misalignment is worsened by the unprecedented and
uncontrollable progression of climate change. Regulators, experts, and citizens are faced
with the potentially catastrophic consequences of sudden climatic events which are pushing
the boundaries of existing urban planning strategies and interventions in the city. New
approaches are emerging that advocate for novel strategies to counteract the effect of
climate change by pivoting how we look at the city space. These strategies include
the design of permanent or temporary climate sheltering, multispecies integration, and
multisensory perceptual awareness of the urban space. While some disciplines are already
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structured to tackle the complexity of the city (e.g., architecture,
urban design, social innovation), others (e.g., design research,
soundscape studies) are pushing their boundaries or reframing
priorities in the awareness that climate adaptation is key to the
survival of human, and more-than-human, societies. But how
can these emerging, domain-specific approaches contribute to
defining a new transdisciplinary framework toward successful
climate adaptation interventions in the urban space?

To answer this question, we explored emerging approaches to
identify gaps and opportunities in current solutions. In Section 2,
we report on the definitions and current controversies on climate
change adaptation. In Section 3, we review emerging research
in four key areas that are dealing with climate change and our
response to it: architecture and urban design, social innovation,
more-than-human design, and multisensory design. In Section 4,
we highlight current gaps and potential future strategies to improve
the functional and social adaptability of cities to the consequences
of a changing climate.

2 Background: climate change and
climate change adaptation

Although awareness of changing climate conditions already
emerged in the 19th century, it was not until the late 20th century
that the first World Climate Conference (1979) recognized the
need for society to prepare for climate instability at large scale.
At the time, however, mitigation, i.e., the possibility to slow the
progress of climate change by reducing the anthropic impact on
the environment, was the primary focus (World Meteorological
Organization, 1979). The establishment of the Intergovernmental
Panel on Climate Change (from now on, IPCC) in 1988 further
highlighted the necessity of adaptation, with its early reports
acknowledging that some impacts were unavoidable (IPCC, 1990).
By 2007, the Fourth Assessment Report (AR4) of the IPCC formally
defined adaptation as “adjustments in natural or human systems
in response to actual or expected climatic stimuli or their effects,
which moderate harm or exploit beneficial opportunities” (IPCC,
2007). The 2015 Paris Agreement further solidified the importance
of adaptation. Article 7 of the agreement emphasized strengthening
adaptive capacities and building resilience worldwide, positioning
adaptation as equal in importance to mitigation (UNFCCC, 2015).
Fankhauser (2017) makes a clear distinction between mitigation,
which aims at “the drastic reduction in greenhouse gas emissions”
i.e,, the phenomenon that causes climate change, and the need to
face its consequences “through an equal emphasis on investment
in climate resilience (adaptation).” The nomenclature around
adaptation can be confusing. For greater clarity, the definition of
key terms according to the Sixth IPCC Assessment Report (AR6)
is provided in Table 1. We report only the definitions of the three
main concepts of resilience, adaptation, and mitigation as they are
relevant to the present study. For further details, the reader can
refer to Annex: Glossary of the IPCC AR6 Synthesis Report (IPCC
2023 Annex I: Glossary, 2023).

In 2015, the United Nations’ 2030 Agenda for Sustainable
Development (United Nations, 2015) identifies two closely related
sub-targets of the Sustainable Development Goal 11- Make cities
and human settlements inclusive, safe, resilient and sustainable:
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Target 11.5, which aims to “Reduce the adverse effects of natural
disasters,” and Target 11.6 that aims to “Reduce the environmental
impact of cities.”

2.1 Climate adaptation: context and
definitions

As shown in Table 1, the IPCC distinguishes adaptation as it
refers to human or natural systems. In natural systems, adaptation
is “the process of adjustment to actual or expected climate.” Human
intervention may facilitate such an adjustment in natural systems.
In human systems, the process of adjustment has the specific
goal of “moderating harm or exploiting beneficial opportunities”
(IPCC 2018 Annex I: Glossary, 2018). However, counteracting the
harmful, dramatic effects of climate change, and taking advantage
of beneficial (economical, political, social) opportunities can be
very different goals with potentially colliding interests, strategies,
processes, and outcomes. In this sense, climate change adaptation
largely remains an ambiguous concept, and the results of climate
adaptation efforts are, to date, unclear if not explicitly contested
(Olazabal et al., 2024). Maladaptation, i.e., the failure of adaptation
strategies to the point that efforts made to prevent the effects
of climate change end up making people and places even more
vulnerable to such effects, is a concrete risk (Schipper, 2020; Dilling
etal., 2019).

The urban space is a complex system where natural and human
environments coevolve by blurring their borders and create hybrid
environments with multilayered relations (Latour and Weibel,
2005; Haraway, 2016; Sennett, 2018; Koolhaas et al., 2020). While
the IPCC does not provide a separate, specific definition for urban
adaptation, it extensively discusses adaptation strategies within
urban contexts. The IPCC’s Sixth Assessment Report includes
the chapter “Cities, Settlements, and Key Infrastructure,” which
examines the unique challenges and adaptation needs of urban
areas (Lwasa et al., 2022). The report highlights the need to:

e Develop urban green (e.g., parks, green roofs) and blue
(water bodies) solutions to reduce urban heat islands and
manage stormwater.

e Implement climate-resilient infrastructure that can endure
climate-related stresses.

TABLE 1 Definitions of key concepts used in the climate change
discourse and relevant to the present study, according to the glossary of
the ARG6 Synthesis Report of the International Panel on Climate Change.

Adaptation | The process of adjustment to actual or expected climate and its
effects. In human systems, adaptation seeks to moderate or avoid
harm or exploit beneficial opportunities. In natural systems,
human intervention may facilitate adjustment to expected climate

and its effects.

A human intervention to reduce the sources or enhance the sinks
of greenhouse gases.

Mitigation

Resilience The capacity of social, economic, and environmental systems to
cope with a hazardous event or trend or disturbance, responding
or reorganizing in ways that maintain their essential function,
identity, and structure, while also maintaining the capacity for

adaptation, learning, and transformation.
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e Promote sustainable transportation (e.g., electric vehicles and
public transit).

e Enhance urban planning by incorporating climate-aware
land-use planning and preventing development in high-
risk areas.

However, the Report does not provide clear guidelines for how
such generic goals might be achieved, and with which priority.
The adaptation of the urban space to climate change has direct
implications on human organized life as it entails an urgent need
to provide shelter and mitigate risk in the context of sudden
extreme events (Sadaba et al., 2024). Adaptation also has indirect
implications as it involves a longer-term re-thinking of urban life
and the development of new tools for city design. To be successful,
such tools should consider both the tangible and intangible
elements of organized life to support the psychological and social
wellbeing of the city’s inhabitants while ensuring the physical
survival of life against adverse climatic events. As we will further
discuss, these tangible and intangible layers encompass perceptual
aspects, such as the design of the sensorial environment (e.g.,
sound and smell), the development of a holistic and more-than-
human ethological and ecological sensitivity, and the adaptation
of technological innovation through co-creation and bottom-
up methods.

The goal of this article is to review current approaches, debates,
and proposed solutions to the adaptation of urban space design
to climate change from a multidisciplinary perspective. Such a
perspective reflects the background and research interests of the
authors which range from architecture and urban design, social
innovation, Science and Technology Studies (STS), soundscape
studies, and design research. We also believe it provides a much-
needed perspective that, in times of crisis, takes into account
not only the material and functional (tangible) characteristics
of the city, but also its social, cultural, and psychological
(intangible) needs.

3 Current approaches

We reviewed current approaches to urban space in the face
of climate change and climate adaptation from a multidisciplinary
perspective. We adopted a narrative literature review approach
(Baumeister and Leary, 1997). We started from recent relevant
(e.g., presented at the main conferences or published in the main
venues for each community) contributions that sparked debate
on climate adaptation strategies in our respective fields. We then
proceeded by snowballing the results to obtain an overview of
the most recent debates and controversies in the respective fields
on the topic under study. Finally, we expanded the research to
include representative work beyond scientific publications (e.g.,
design interventions, patented solutions).

3.1 Architecture and urban planning
Architecture and urban design are key to climate change

adaptation as they shape the physical basis onto which human
activities occur in the city. As stated in the Introduction, the pace at
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which urban regulations are set, and the immediate need of the city
and its inhabitants are not always well matched (Semeraro et al.,
2020). The very materiality of the city prevents swift adaptations
to climate changes (United Nations Environment Programme,
2022). Cities have historically been designed for a specific climate:
adaptation strategies to changes in the local climatic conditions
will require a radical rethinking of how cities are designed and
planned (Atanackovic¢ Jelici¢ et al., 2021; Silva, 2016). On a large
scale, adaptation will involve higher level strategies which entail the
construction of critical infrastructure (e.g., to mitigate the impact
of sea level rise) and even the displacement of entire populations
(Hauer et al,, 2020). In this review, we limit our focus to the
potential of design actions implemented on the smaller scale of the
interactions between residents (both human and non-human) and
the city.

A growing strategy that is receiving increasing attention
is the design and implementation of Nature-based Solutions
(NDS), defined by the European Commission as “Solutions that
are inspired and supported by nature, which are cost-effective,
simultaneously provide environmental, social and economic
benefits and help build resilience. Such solutions bring more,
and more diverse, nature and natural features and processes into
cities, landscapes and seascapes, through locally adapted, resource-
efficient and systemic interventions” (European Commission:
Directorate-General for Research Innovation, 2022). Despite the
EU’s definition, in their current state NbS tend to prioritize
short-term goals (e.g., protecting people from sun exposure)
instead of implementing long-term strategies toward long-term
solutions (such as, for instance, the adaptation of the entire urban
pavement to increase water absorption). Additionally, with their
focus on “emergency design” NbS tend to overlook the social
dimension, e.g., the long-term social benefit of the communities
where they are implemented (Goodwin et al, 2024). Other
emerging strategies currently under evaluation in a number of
different cities around the world include, among other attempts,
stormwater management systems (Pandis Iveroth et al, 2013),
climate responsive materials and strategies (Rubio-Bellido et al,
2015), low-carbon transportation solutions (Jia et al., 2024), and
metabolic urban design approaches (Verma et al., 2020).

Recent research proposed the design and implementation of
“climate shelters” i.e., public spaces that provide thermal comfort
to the most vulnerable inhabitants during periods of extreme
temperatures (Lopez Plazas et al, 2023; Steer et al, 2017). In
cities such as Barcelona and Bilbao, climate shelters have been
officially adopted by local governors in an effort to actively protect
people from increasing heat or sudden adverse meteorological
events (e.g., heavy rain). In both cases, dedicated websites and
other digital material (e.g., downloadable maps) inform citizens
and visitors on the location of shelters across the city, both indoors
and outdoors (Barcelona, 2025; Bilbao, 2025). At this stage, climate
shelters are usually shadowed fresh spaces within urban parks or
public buildings with free access and accessible during the hottest
months of the year (Adams et al., 2023). The goal of leveraging
natural elements already present in the city (such as public parks
or gardens) resonates with the nature-based approach of NbS and
indicates a trend in rethinking the city space as an integration of
natural and artificial. While a promising strategy, critiques point
to the potential inequalities in the distribution and accessibility
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of such shelters when it comes to disadvantaged neighborhoods
(Amorim-Maia et al., 2023). An increasing issue of social justice in
the response of cities to climate adaptation is emerging (for a recent
review of the topic see Walker et al., 2024). It is also worth noticing
that while specific criteria to design climate shelters are being
defined in a more structured way (Amorim-Maia, 2023), there is
still largely a lack of real-world solutions that can be efficiently
implemented and adapted to the city space (Sddaba et al., 2024).

3.2 Social innovation

While climate change is a global issue, climatic components,
potential risks, and the vulnerability of local populations vary
significantly across different geographical areas. Not taking into
account this diversity is one of the most widely recognized reasons
for unsuccessful climate adaptation strategies (Brousseau et al,
20245 Olazabal et al., 2024). Interventions driven by actors alien
to the local context may fail to understand or account for specific
factors, particularly where interventions are highly technocratic in
nature (Nightingale et al, 2019). A recent literature review (Eriksen
et al, 2021) includes examples of adaptation interventions that
reinforced existing power systems in developing countries in Asia
and Africa by involving only the local elites in the design process,
thus reinforcing the stigmatization of disadvantaged and vulnerable
communities whose habits are often blamed for climate instability
(Thomas and Warner, 2019). Other examples point out that
technological solutions (such as digital platforms) implemented
by local governments in Latin America to access housing support
after climate disasters, are inaccessible to the most vulnerable
social groups as they require digital literacy and access to Internet
connection (Camargo and Ojeda, 2017). Such interventions
may undermine local adaptation responses that are more
environmentally, financially, and politically sustainable (Eriksen
et al., 2021). Local ownership of adaptation actions and genuine
local participation in adaptation design and implementation
are critical to avoid such pitfalls (Soanes et al, 2021). In
order to tackle these issues, researchers are proposing specific
frameworks to engage policy makers in devising strategies for
transformative adaptation as well as collaborative approaches that
foster communication and collaboration between communities at
the frontline of climate change and governing bodies (Comelli
etal, 2024; Gordon et al., 2022). Examples of design strategies that
aim at grounding climate adaptation interventions within and in
collaboration with the local communities which are directly affected
by it are on the rise (Carrasco and Soto, 2020). Initiatives such as
the Imagine Adaptation (2024)) aim to “to revisit the concept of
adaptation success and go beyond technical framings to consider
equity, justice, and maladaptive issues by pioneering new ways to
evaluate adaptation and contributing to discussion on how local
progress can inform global goals.” (Ibid.)

3.3 Multispecies and more-than human
In recent design research, a shift is occurring from a human-

centered approach to a more-than-human focus that should
encompass all design endeavors (i.e., products, services, and
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systems) and support the transition toward a more inclusive,
sustainable and just world especially in the context of the crisis
engendered by climate change (Cameron, 2023; Giaccardi and
Redstrom, 2020). Examples of such shift include the definition of
frameworks that address the “shared fragility” between humans and
more-than-humans to inform policy-making (Turhan et al., 2024);
educational strategies to increase awareness of climate change and
multispecies coexistence (Saari, 2020; Andrzejewski et al., 2009);
interdisciplinary design practices that aim at “defining novel design
methods especially in practical applications where policymakers,
communities, businesses, and new forms of organization are
engaging with challenges we face—often situated and local,
but interdependent within complex systems of society and the
environment” (Coops et al., 2024). Inevitably, more-than-human
design also demands that the proposed methods and solutions take
into account the characteristics and needs of other species, and
the consequences that human-made designs have on the broader
ecosystem. Pschetz et al. (2024) claim that non-human species have
been forced to adapt their communication strategies to the pace
of the urbanized and industrialized world. Entangled agencies of
human and non-human actors in the city space are investigated at
different scales to “de-center human actions” (Ruiz Arana, 2024).

On the other hand, ongoing research within social and
natural sciences, such as the Multispecies Climate Change
Education project, addresses how “multispecies perspectives
could be better integrated into different facets of environmental
education, including in disaster risk reduction” (CLAN—Human
Animal Studies, 2025). Liminal Becomings (Policarpo, 2024) aims
at reframing human-animal relations in natural disasters and
“exploring the relational continuum between human and non-
human animals in the experience of survival that follows disasters”
(Ibid). Albeit sparse, the movement to reframe research on climate
adaptation through the lenses of more-than-human values seems
to transcend disciplinary borders. While architecture and urban
design are more and more focusing on solutions that encourage
a deeper relationship between human residents of the city and
plants (for instance through NbS and climate shelters, see Section
3.1), and social sciences are looking at climate justice as a growing
concern (see Section 3.2), design researchers and scientists are
proposing new frameworks and educational protocols that consider
the wellbeing of all living species in the face of climate change.

3.4 Multisensory

There is increasing evidence that anthropogenic activity affects
how animals perceive their environment, with profound ecological
consequences (Munoz and Blumstein, 2012). For both animals
and humans, environmental perception is inevitably multisensory.
Sound, light, and smell stimuli all contribute to define the
relationship of the city with its inhabitants (Lindborg et al., 2024;
Xiao et al, 2021) and represent a key source of information to
navigate the city’s tangible and intangible (e.g., cultural, and social)
space (Parker et al., 2023). Soundscapes and smellscapes are part of
the intangible heritage of a place, and an expression of the cultural,
social, and individual characteristics of its inhabitants, both human
and non-human (Schafer, 1977; Parker et al., 2023).
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Of all senses, the perception of the acoustic environment
is the most studied, with the beneficial effects on communities’
health and wellbeing and the restorative power of sound already
well-documented (Levenhagen et al., 2021). In the context of
climate change and adaptation, which is the object of this review,
we turned to recent research in environmental sound studies
where a progressive, ongoing shift is occurring from a traditional
perspective in which bioacoustics (i.e., the study of animal sounds
within an ecosystem, see Sucur and Farina, 2015) and soundscape
studies (i.e., the acoustic environment as perceived by humans in
context, see [SO 12913-1, 2014) are strictly independent disciplines,
to a unified ecoacoustic perspective (Farina, 2018) where humans
and other species interact through and by sound, and with the
environment. On the basis that the acoustic environment is a
precious source of information “about the whole landscape, its
physical, environmental and cultural make-up, and that of its
communities” (Ruiz Arana, 2024; p. 2,749), ecoacoustics can
become a driver in environmental planning and management in
the light of climate adaptation (Farina et al., 2024). In the context
of urban green areas (a key element of both NbS and climate
shelters), research shows how monitoring the quality of the urban
soundscape enables the assessment of the city’s broader ecosystem
(Tabassum, 2024). This, conversely, informs and supports adaptive
planning and management strategies that can maintain or enhance
biodiversity (Zhao et al, 2022; Ng et al, 2018). Additionally,
auditory factors—however intangible—have the strongest influence
on perceived thermal comfort in public spaces (Nitidara et al,
2022). An increased soundscape quality would then improve
climate adaptation, especially in the context of so-called heat
islands (see Section 2).

As for the sense of smell, a recent review study (Xiao et al., 2021)
shows how, increasingly, researchers advocate for the incorporation
of trees, verdant spaces, parks, waterways, ponds, and fountains
within urban design frameworks (Henshaw, 2014) on the basis
that the olfactory experience associated with nature mitigates
the perceived annoyance of traffic-related pollution and noise
pollution. While current studies do not explicitly address the
potential role of smell in climate adaptation, we believe that this
renewed interest in a multisensory approach to the design of the
urban environment is promising and could support an integrated
design framework for climate adaptation design strategies.

4 Discussion

In this short review, we explored current debates and
approaches to the adaptation of the urban space to climate change.
Figure 1 recaps on our findings. While the fields of architecture and
urban design are exploring novel strategies for climate adaptation
(e.g., NbS, climate shelters), such solutions only respond to
the tangible needs of the city (e.g., providing refuge to human
residents during heatwaves). The risk of overlooking the much
needed social, cultural, and emotional aspects that shape the urban
space is starting to be acknowledged by the research community
which points at misadaptation as a concrete risk, with issues of
climate justice being more and more discussed. Other fields, such
as more-than-human design and multispecies and multisensory
studies, are tackling both tangible and intangible characteristics
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of climate change (e.g., the viewpoint of non-human species)
moving toward a perspective that transcendent the boundary of
disciplinary approaches (such as in ecoacoustics) and sensory
perception (by including soundscapes and smellscapes in urban
design strategies). By taking into account human relationship with
other living beings, multispecies adaptation, and a multi-modal
view of the city space, they are advocating for integrated solutions
to climate adaptation.

Such integrated solutions should move beyond (see Figure 2)
the foundational architectural and urban layer to define strategies—
with appropriate tools and methods—that can incorporate social
innovation practices (e.g., co-creation, participatory processes)
with multisensory analysis of the urban space (e.g., soundscape and
smellscape studies), more-than-human (e.g., speculative design,
design for transition, inclusive design) and multispecies design
(e.g., biodiversity and ecology studies) to involve all stakeholders
in the multi-layered process of adapting the city space to
climate change.

Three recent projects exemplify the potential of an integrated
approach. The T-Factor project (Arniani and Martelloni, 2024)
introduced temporary interventions to enhance climate resilience
on the island of Zorrotzaurre (Bilbao, Spain), which is undergoing
a radical long-term process of urban redevelopment. In the short
term, the space offers opportunities for creative exploration. Three
projects connected educational institutions on the island with
local industries through a co-creative process that also involved
the island’s residents. The first project, Chimenea Verde (green
chimney), is a sculptural installation inspired by Bilbao’s industrial
heritage. Filled with resilient plants, it serves as a green meeting
point for residents within the concrete-dominated island. Built
with local craftwork studio Petit Muller, it highlights how the
engagement of residents in the definition of Nature-based Solutions
increases the chances of acceptance and social justice. The Besteak
Project demonstrates the value of including animals and plants in
the design of public space interventions. What began as hacking
traffic signs for bird nesting evolved into a community initiative
developing upcycled urban furniture for stray cats (Abad Aguirre
and Abad Aguirre, 2023).

Urban Oasis, a project developed by two of the co-authors
(Sadaba et al.,, 2025), is an industrial design patent for adapting
urban social spaces to climate change. Based on a Nature-based
Solution—the rain garden—it enhances the natural water cycle
and reduces flood risk within the city while providing shelter for
humans and other species during heat waves. Speakers, sensors, and
data connection are hosted in the functional branches-like aerial
elements and can be used to design interventions that integrate
sound and smell to increase restorative refuge during climate
emergencies. A demo of the project, currently in progress, can be
found at https://vimeo.com/1013052973.

In this review, we highlight emerging discussions in different
research fields, from architecture and urban design to social
innovation interventions and multispecies and multisensory
studies, against the backdrop of the growing need for climate
adaptation in urban space. However, still sparse, these discussions
highlight the potential of cross-pollination between all the
disciplines explored in this review. A new, transdisciplinary
approach that takes into account both the tangible and the
intangible needs of the city is required to improve the impact of
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FIGURE 1

Architecture and urban design provide solutions to the tangible needs of the city. Social innovation, more-than-human design, and multi-sensory
studies tackle adaptation within a continuum between tangible and intangible.

— — -

MULTISENSORY
MULTISPECIES

SOCIAL INNOVATION

FIGURE 2
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.
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such converging research and empower the momentum to support
a more effective and just climate adaptation.
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