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The book series “Geographies of the Anthropocene” edited by the Scienti-
fic International Publisher “Il Sileno” (Il Sileno Edizioni) will discuss the
new processes of the Anthropocene epoch through the various worldviews of
geoscientists and humanists, intersecting disciplines of Geosciences, Geogra-
phy, Geoethics, Philosophy, Socio-Anthropology, Sociology of Environment
and Territory, Psychology, Economics, Environmental Humanities and cog-
nate disciplines.

Geoethics focuses on how scientists (natural and social), arts and humanities
scholars working in tandem can become more aware of their ethical respon-
sibilities to guide society on matters related to public safety in the face of na-
tural hazards, sustainable use of resources, climate change and protection of
the environment. Furthermore, the integrated and multiple perspectives of the
Environmental Humanities, can help to more fully understand the cultures of,
and the cultures which frame the Anthropocene. Indeed, the focus of Geoe-
thics and Environmental Humanities research, that is, the analysis of the way
humans think and act for the purpose of advising and suggesting appropriate
behaviors where human activities interact with the geosphere, is dialectically
linked to the complex concept of Anthropocene.

The book series “Geographies of the Anthropocene” publishes online volu-
mes, both collective volumes and monographs, which are set in the perspec-
tive of providing reflections, work materials and experimentation in the fields
of research and education about the new geographies of the Anthropocene.

“Geographies of the Anthropocene” encourages proposals that ad-
dress one or more themes, including case studies, but welcome all vo-
lumes related to the interdisciplinary context of the Anthropocene.
Published volumes are subject to a review process (double blind peer re-
view) to ensure their scientific rigor.

The volume proposals can be presented in English, Italian, French or Spanish.
The choice of digital Open Access format is coherent with the flexible structu-

re of the series, in order to facilitate the direct accessibility and usability by
both authors and readers.
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10. How does Cultural Heritage Foster Climate Action?
Examples of Histo-Culture-based Urban Resilience from
Around the World

Marika Fior', Rosa Romano’, Maria Paz Abad Gonzalez’, Jui Ambani*

Abstract

Climate variability and change have been ongoing. Urban areas with his-
torical and cultural significance are vulnerable to the increasing effects of
climate change, both physically (such as building materials durability) and
socially (such as loss of inhabitants, internal displacement, tourism, and
worsening economic conditions for disadvantaged populations). However,
people and cities have proven to be resilient over time, even in the face of
global challenges.

Combatting climate change impacts on heritage and people requires con-
sideration of social, cultural, environmental, and economic factors. This
chapter focuses on the unique challenges posed by the presence of Cultural
Heritage in an urban setting and explores design actions that balance preser-
vation with innovation. By examining the physical and structural features of
historical cities, their public spaces, and sociocultural connotations, the chap-
ter aims to highlight how communities on the frontlines of the climate crisis
use them as an expression of intrinsic resilience.

Through case studies from different climatic zones, the chapter explores
the rediscovery and re-evaluation of ‘histo-cultural forms’ of climate change
adaptation. It outlines techniques and solutions -from traditional and Indig-
enous knowledge to tangible structural features- that are being used to cope
with heat islands, storms, floods, etc. and are congenial to heritage sites, in
sustaining local culture and knowledge and know-how while demonstrating
renewal and adaptability.

Sapienza University of Rome, Italy (marika.fior@uniromal.it) Corresponding Author
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1. State of the Art

1.1 Cultural Heritage and Community are co-evolutionary elements for
the adaptation

The scientific community recognises that integrated urban systems are a
key-factor in the regeneration of cities, now chosen by the world population
as their place of living (UN, 2019). At the same time, reports by the Inter-
national Panel for Climate Change (IPCC) have systematically demonstrat-
ed that human activities are the primary cause of the intensifying in global
warming, the melting of glaciers, rising sea level, and the increase in the
frequency and intensity of extreme weather events exacerbating the exposure
of cities and settled communities (Musco & Magni, 2014).

For the first time in 2013, Cultural Heritage was recognised as a key-factor
in addressing global risks, placing culture at the heart of sustainable develop-
ment policies (UNESCO, 2013). In 2015, the Sendai Framework emphasised
that Cultural Heritage -as the most symbolic expression of a cultural sys-
tem- must be considered in any disaster risk reduction programmes and thus
strengthen the communities’ resilience (UNDRR, 2015). Form another per-
spective, Cultural Heritage could support “the building of a community able
to prevent, cope with and recover from disturbances” (Fabbricatti, Boissenin
& Citoni, 2020, talk about “Heritage Community Resilience”).

In this chapter, Cultural Heritage is understood as the set of material signs
stratified on the territory over time (Corboz, 1983; Secchi, 2005). It is strict-
ly linked to a community because it is the empirical evidence of the adap-
tive/transformative/evolutionary capacity of civilisations to face existential
challenges. Different eras have marked the progress of civilisations; and the
Cultural Heritage is the result of these transitions, not always peaceful, but
expressive of the societies that created and preserved it. Therefore, Cultural
Heritage is not static (reaching an ideal status) and immutable, but changes
according to different social and environmental conditions. In other words, it
is a “gene-culture-environment coevolution”: the way through which a group
of people figure out ‘how we live here’. “It is in this way that cultural evolu-
tion generates insights about what is and is not adaptive; and such insights are
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directly applicable to issues of climate-change adaptation in the world today”
(Brewer & Riede, 2018). The evolutionary capacity of Cultural Heritage, in
adherence to the community, is the element that determines its conservation
or abandonment, and above all, it shows the replicable Histo-Culture-based
urban-building solutions. After all, none historic city could live without a
community. Indeed, the article 1 of the UNESCO Convention (1972) empha-
sised that Cultural Heritage is created and animated by the society; while,
the article 6 of the Faro Convention (2005) included the definition of “Heri-
tage Community” and set off the inseparability between the two dimensions.
Nevertheless, the process of adapting the historic city to the society’s needs
-that inherits the heritage- is crucial and it can only take place together with
citizenship’s evolution. The latter must re-actualises its environmental, so-
cial, economic and cultural values for developing of a more sustainable and
inclusive city (Redaelli, 2019).

To make cities climate-proof, it is strategic to study the urban-building
solutions that communities have employed over time to cope with negative
micro-climatic conditions and reducing social costs (building and building
back better). With this perspective, one must learn from the past to write the
present and prepare for the future. Moreover, the fact that historical cities
have survived until today represents the first real lesson in urban resilience,
as it derives precisely from their ability to adapt and evolve (Holtorf, 2018).
The climate change impacts on tangible heritage and has both direct effects
on buildings, public spaces and infrastructures, as well as indirect effects on
people and habitats, leading to climatic migrations (or displacement of cul-
tural bearers) and abandonment of their place of living (Shirvani Dastgerdi et
al., 2020).

However, climate change is also an opportunity for ‘transformative de-
velopment’, activating opportunities for cities to generate urban quality, se-
curity/healthy and innovation from Cultural Heritage. According to Wolfram
(2016), transformative capacity focuses on understanding how urban systems
can reshape themselves and transition to a more sustainable form and func-
tion that is better than the conditions they had before the shock/stress ex-
perienced. Such knowledge can be acquired through Traditional Ecological
Knowledge, an evolving body of knowledge acquired by local populations
over hundreds of years through direct links with nature (Nelson & Shilling,
2018). Observing Cultural Heritage as not only a fragility factor but also as a
resource stimulates the principle of sustainable urban development, based on
the deep link between culture and territory.
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1.2 From architecture to vernacular urbanism increasing resilience

Heritage features are closely linked to climate: urban and rural landscapes
are linked to the plant species that thrive in different climatic regimes. They
are designed with the local climate in mind, taking on the vernacular dimen-
sion that Oliver (2006) calls “domestic”. The history of cities offers several
examples of how civilisations have dealt with climatic hazards by creating
site-specific adaptation solutions, sometimes still practised by some Indige-
nous societies and preserved in the urban structure of places.

Today, these systems based on empirical actions related to everyday life,
rooted in Indigenous societies -constituting vernacular production-, are con-
sidered key elements for the sustainable development of built environments.
The term vernaculum was used by the Latins to distinguish everything that
was produced on the side from what was acquired from commercial ex-
changes. In literature, “vernacular architecture™ refers to buildings built by
non-academic and anonymous labour that incorporates traditional construc-
tion systems and responds sustainably to a geographical environment (Peralta
Gonzélez, 2017). There is a growing interest in this topic in discussions re-
lated to building history highlighting a relationship between building func-
tion, climate and traditional construction techniques with historical context
(Moholy-Nagy, 1976). The definition of ‘vernacular urban planning’ is less
obvious but can be traced back to what Frangoise Choay (1996) calls the “city
idea” or Alberto Magnaghi (2000) the “statute of places”.

On the contrary, globalisation and the trend towards cultural homogenisa-
tion show little attention to Cultural Heritage and site-specific characteristics
of places (Dipasquale & Mecca, 2016). In architecture, this translates into the
use of standardised design solutions to the detriment of local craft creativity,
which in many cases involves high consumption of natural and energy re-
sources because it is based on the linear fossil principle.

Vernacular architecture, by its nature, is a practical knowledge of con-
tinuous evolution and contamination. A valid example of it is the evolu-
tion of the Spanish covered streets, from which street roof-protection be-
came an architectural feature, defining porticoed areas that in turn evolved
from building character to urban morphology -a structure capable of con-

3 The debate on what vernacular architecture is, has been raging since the creation
in 1976 of the International Committee on Vernacular Architecture (CIAV) of International
Council on Monuments and Sites (ICOMOS), whose central concern was to prevent the di-
sappearance of this type of construction, which is vulnerable to the rapid growth and changes
of modern life (Charter on the Built Vernacular Heritage ratified by the ICOMOS 12th Gene-
ral Assembly, in Mexico, October 1999).
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figuring entire cities- as the Portici of Bologna (arcades) demonstrate
(Rudofsky, 1970).

Therefore, tradition and innovation are allied for urban sustainable de-
velopment, concretely implementing the idea of “transformative resilience”
(Manca et al., 2017) that underlies a process in which the society learns from
the past for dealing with the future cities and facing new challenges.

2. Goals and Methodology

Throughout human history, vernacular architecture and urbanism have
represented adaptive solutions to environmental, climatic, socio-economic,
and societal constraints (Correia et al., 2014). These traditional multi-scalar
actions range from technological elements to architectural and urban solu-
tions. They reflect a practical response to the local community’s identity and
know-how, in other words, its culture.

The chapter highlights how -along the human history- adaptive solutions
to climate change can be found at various scales. From ancient times to the
closest urban history, solutions -from the building detail to the definition of
a new district- represent a set of local-based actions/techniques showing a
community’s identity and its know-how, in other words its culture.

The idea behind the article is that urban resilience to climate change should
not be created from scratch through a top-down approach. Resilience must be
found in the existing settlement fabrics and strengthened (Fabbro, 2020). In
fact, it is peculiar to artefacts that have variety, multi-functionality and re-
dundancy, i.e. the typical characteristics of resilient complex systems such as
historic cities and, in general, the Cultural Heritage handed down from/to the
generations.

To support this idea, this chapter presents four urban contexts from Ecua-
dor, India, Spain, and Italy, each with different histories, cultures, traditions,
geographies, and climates. Their diversity shows how local knowledge and
culture have always allowed civilizations to adapt to environmental and cli-
matic challenges. The chapter discusses concepts and techniques that can be
replicated in our current situation.

The case study is a recent research methodology mainly used in the human-
ities to analyse unique or complex situations. Cities are “evolving complex
systems” determined by their own (unpredictable) capacity for self-regulation,
i.e. by the changes that occur over time in both physical and social structures
(Bertuglia & Vaio, 2019). Hence, this contribution presents a non-systematic
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review of four cities from around the world (Azuay-Cafiar provinces in Ecua-
dor, Udaipur in India, Madrid in Spain, and Rome in Italy). The review aims to
analyse these cities and identify their adaptive solutions to climatic and mete-
orological hazards from the past, handed down from the past as good solutions
to meteorological and climatic hazards. The methodology used in this research
is a QUALITATIVE literature review for each city, focusing on identifying
traditional climate adaptation forms. This method is based on a second-level
study through a hermeneutical review of the scientific literature. Unlike a sys-
tematic review, typically used in medical settings, the hermeneutical review
focuses on qualitative reflection and interpretation of phenomena. The review
aims to generate ideas and hypotheses rather than on the completeness of the
literature selection. (Greenhalgh, 1997; Greenhalgh et al., 2018).

The four case studies represent preliminary qualitative research on tra-
ditional forms of adaptation to the climate with the aim of collecting ‘data’
(observations and comments) to generate ideas and hypotheses through the
so-called inductive approach whose strength is the proximity to the ‘truth of
the reality that happened’.

After a brief summary of the state of the art (ph. 1) on Cultural Heritage in
relation to climate change and communities, and the illustration of the work-
ing methodology (ph. 2), a specific paragraph describes each city’s historical,
environmental, and social characteristics. This includes highlighting the ar-
chitectural and urban planning solutions used to cope with urban heat islands
and heavy rainfall®.

The paragraph 3 collects the discussion of Azuay-Cafiar provinces in Ec-
uador (ph. 3.1), Udaipur in India (ph. 3.2), Madrid in Spain (ph. 3.3), Rome in
Italy (ph. 3.4). The first case study in the Azuay-Cafiar provinces in Ecuador
tries to understand low-impact mitigation practices, where the earth is the
predominant material for vernacular architecture (a technique used by 30%
of the global population for building their home). It also highlights the social
practice of minga, which is used to organise private, semi-public, and public
spaces, reducing realisation costs and ecological footprint. The second case
study is about Udaipur, India, where traditional materials such as marble and
lime are used to mitigate the impacts of severe heat, and the region’s five lakes
and underground systems (Paar, Talabs, Bawri and Kundi) are used to store
rainwater. The third case study focuses on another low-impact and sustain-

6 As highlighted in the Sixth Assessment Report during the IPCC’s 58th Session held
in Switzerland (2023, March 13-19), urban heat islands and extreme rainfall are the most
disruptive and transversal effects on all cities in the world. The increase in global temperatu-
re due to greenhouse gases determines the increase of heat waves and accelerates the water
cycle, causing more floods and droughts (Hoegh-Guldberg et al., 2018).
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able solution in Madrid, Spain, where the ancient groundwater capture and
management system, the ganat technique, is used to sustain water resources.
The fourth case study is about Rome, Italy, where the role of post-unification
districts, “new Piedmontese,” is highlighted based on the orthogonal grid
of streets rotated towards the west (equisolar axis) are used to favour wind
cooling.

The final paragraph (ph. 4) offers some concluding reflections on the les-
sons that the case studies offer. It highlights that Cultural Heritage is both
an object of adaptation actions (site-specific) and a solution for adaptation
actions (place-based). Architectural and urban planning techniques/solu-
tions -that have spanned continents and history (from antiquity to moder-
nity)- demonstrate how historic cities have always been resilient organisms
providing adaptive solutions consistent with local culture. They are Cultural
Heritage, on the one hand, to be preserved and, on the other hand, to be re-ac-
tualised in order to defend cities and people from climate hazard.

The collection of four case studies demonstrates that the adaptation of
historic cities needs implementing useful actions and methods to face glob-
al challenges, starting from the re-signification of the Cultural Heritage.
The latter already offers valuable solutions to the negative climate effects
(heat waves and heavy rains especially). Local practices and traditions rep-
resent a fundamental frade d’union for the development in continuity of
urban history, to simultaneously protect and adapt cities. This approach
can only be implemented on a case-by-case basis. However, common el-
ements among different contexts that can be taken as inspiration for new
Histo-Culture-based solutions. In order to increase urban resilience, among
climate change adaptation actions, it is strategic to recover traditional
building techniques and urban planning solutions by integrating them with
innovative technologies (Garcia Hermida, 2019; Bonazza, De Nuntiis &
Sardella, 2021).

3. Case Studies Discussion
3.1 Azuay-Cariar provinces, Ecuador

The provinces of Azuay and Canar have an average multiannual tempera-
ture between 15-17° C. The historical zone of the city of Cuenca is located
at approximately -2.8974° latitude, -79.0045° longitude, and at an altitude of
around 2,543 meters above sea level.
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To understand the vernacular architecture in the provinces of Azuay and
Canar, it is necessary to refer briefly to the Cafiari and Inca people (the first
settlers) and the influence of Spanish colonisation on this type of architecture.
The mountainous landscape has greatly influenced the vernacular architecture
of these provinces. Before the Spanish occupation, settlements were typically
located in high settlements and even steep sites, as this allowed them to en-
sure a strategic position over their enemies, as well as good ventilation and
sanitary conditions. According to Gonzalez Suérez (2017), the shape of the
houses in these provinces varied from almost round to quadrangular, with
elliptical houses having two doors among the Canaris. Their construction sys-
tems were strongly linked to ways of life that have since been lost. To fully
understand the vernacular architecture of these provinces, it is necessary to
establish a relationship between technological solutions, cultural values of the
property and users’ comfort requirements.

According to Houben and Guillaud (1994) and ASTM E2393/E2392M-10
(2016), earth has been a construction material for a long time, and adobe is
one of the oldest systems, with records dating back to 8000 b.C. It is also the
most widespread with examples in almost all the warm-dry and temperate
climates of the world (Achig et al., 2013). It is observed that about 30% of the
total population lives in earthen constructions, not only adobe, with approx-
imately 50% concentrated in developing countries in Latin America, Africa,
India, Asia, the Middle East and Southern Europe, with a predominance in
rural areas (Houben & Guillaud, 1994; Blondet, Villa Garcia & Brzev, 2003;
Fratini et al., 2011). On the other hand, according to the inventory of World
Heritage architecture on earth (CRAterre, 2012), 150 properties are consti-
tuted by this materiality, with a majority presence in the region defined as
Asia-Pacific regions, followed by Latin America.

The main constant in this type of architecture is using earth as the pre-
dominant material (Eljuri, 2010). The structures are predominantly made of
adobe or bahareque. In some cases, a combination of both materials (bahare-
que and rammed earth) is used, especially if the building has more than two
stories (Garcia et al., 2017). Each location’s variations in form and function
result in unique characteristics that respond to the specific urban or rural con-
text. The use of wood in ornamental elements and the play of planes create
semi-public spaces that enhance the functionality of the building (Pesantes,
2011). Using local materials not only enhances the identity of the place, but
also reduces transportation costs and pollution. Traditional materials such as
hemp, lime or straw absorb CO, making them an eco-friendly option (God-
win, 2011).
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Adobe has thermal inertia, which allows it to store heat and transmit it
from the outside to the inside, depending on the wall thickness and orienta-
tion (Wrigth, 1981). Structures with this system have a low environmental
impact since less energy is needed to produce them, and they are 100% re-
cyclable and reusable. Only 1% of the energy needed to manufacture rein-
forced concrete is required to prepare, transport and work the mud on site
(Minke, 1994). Research on buildings in the Netherlands shows that using
wood in the construction of buildings could reduce CO, emissions by 50%
compared to traditional materials (Pérez Galvez et al., 2012). Additionally,
manufacturing processes with this material have the potential to reduce the
production of about 100 tons of CO, emissions each year. Using this material
in construction represents an important contribution to the eco-efficiency of
the construction industry and, therefore, to a more sustainable development
(Pacheco-Torgal & Jalali, 2012). Adobe mainly consists of mud, which also
absorbs pollutants and regulates environmental humidity and indoor climate
(Carangui, 2010).

The space in these structures is mainly semi-public, denoting a sense of
community and trust. The social practice of community or voluntary collec-
tive work, called minga, is used for agriculture, canal and bridge construction,
and other infrastructure works in the American Andes. The result entails the
satisfaction of participation for the common good and retribution, expressed
in the direct benefit of those who have helped. The minga is used to build and
manage human, economic and natural resources, which are born from social
organisations, cooperatives and communities, to achieve goals that contribute
to the common good. The minga becomes efficient and modern, with roots in
past cultural moments of regional and local communities. From the procure-
ment of materials to the construction, the minga begins in the family nucleus,
which the community joins. Everyone participates, including children, elders
and women accompanied by ritual elements that guarantee the well-being of
the occupants. Community work is the platform for transmitting knowledge
to the next generations. (Vazquez et al., 2018).

3.2 Udaipur, India

Rajasthan, a western desert state of India, is known for its harsh climatic
conditions, including extreme heat, hailstorms, frost, cold waves, locust at-
tacks, cyclones, cloudbursts, and sandstorms. The region is also grappling
with the intensifying impact of global warming, leading to unprecedented
heat waves (Hess et al., 2018).
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Rapid urbanization and infrastructure development further expose the
state, including its Cultural Heritage and people, to the adverse effects of
climate change. This case study focuses on Udaipur, often called the ‘City of
Lakes’ and ‘White City’, to explore how traditional water systems are pivotal
in mitigating climate change impacts.

Udaipur has a rich history of traditional and ancestral knowledge-bearing
communities whose practices predate the modern infrastructure. The city’s
iconic architecture and urban fabric have earned it the White City. This is
attributed to the use of white marble and lime wash in the construction of
houses, which not only adds to the city’s aesthetics but also helps mitigate the
impacts of severe heat (capaCITIES, year n.a.).

Udaipur is also known as a ‘City of Lakes’ due to its sophisticated system
of five man-made lakes: Fateh Sagar Lake, Lake Pichola, Swaroop Sagar
Lake, Rangsagar and Doodh Talai Lake. Over 300 years ago, the Maharanas
(rulers) of Mewar built this interconnected lake system in Udaipur which sup-
ports and sustains groundwater recharge, ensuring the availability of water for
the purpose of consumption, industries, agriculture and tourism (MMHPTN,
2020).

The traditional water systems -Paar (Table Water), Talabs (Lakes), Bawri
(Stepwells), and Kundi- are still used and relied upon by the city to store rain-
water through its network of catchments in man-made lakes, ponds, and step
wells, as well as porous agriculture techniques. Apart from being the most
efficient way for water harvesting and management, these systems also serve
religious, cultural, traditional, and sociological purposes (CSE, 2020).

Paar system is a common water harvesting practice in Udaipur, where
rainwater flows from catchment areas and percolates into the sandy soil. To
control water wastage and create a Paar system, 6-10 deep holes, known as
Kuis or Beris, are constructed near water-leaking tanks.

Udaipur boasts a variety of stepwells with different typologies. Kua is usu-
ally a well owned by an individual, while Bawri or stepwells are deep trench-
es lined with stone blocks. These stepwells serve as venues for social and
religious gatherings. They help maintain water levels with rainfall, keep the
water cool even in summer, and act as natural water purifiers.

Tankas, also known as small tanks, can be found in the courtyards of tradi-
tional homes. They are constructed with lime plaster and thatched bushes to
divert surface water runoff. This concept can also be applied on a large scale,
serving clean water to an entire neighbourhood.

Talabs are lakes or large reservoirs constructed in natural depressions or
valleys. These are community-based constructions with lime masonry walls
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and soil filling. Smaller reservoirs are called 7alai, medium-sized lakes are
Bandhi or Talab, and larger ones are sagar or samand. These lakes are crucial
in sustaining water availability for consumption, industries, agriculture, and
tourism (Murugesan & Amirthalingam, 2014). When the water in these reser-
voirs dries up just a few days after the monsoon, the pond beds are cultivated
with rice (CSE, 2020).

Udaipur faces water-related challenges due to its need for perennial rivers.
The region relies on deep wells and rainwater harvesting systems. However,
rapid urbanization, increased demand for agricultural land, and deforestation
have led to impermeable concrete surfaces, making natural water storage dif-
ficult. The escalating heat waves have intensified droughts and further re-
duced water availability. Groundwater levels have plummeted significantly
(Udaipur Urja, 2022).

At the same time, Udaipur’s traditional water systems offer valuable les-
sons in climate resilience. These systems not only serve as efficient water har-
vesting and management methods but also safeguard Cultural Heritage and
provide a sustainable solution to the water scarcity exacerbated by climate
change. As other regions grapple with similar challenges, the experience of
Udaipur serves as a beacon of hope and a model for incorporating traditional
knowledge into modern climate adaptation strategies.

Water Conservation: traditional water systems have been instrumental in
conserving and storing water. Stepwells, Tankas, and Talabs help capture
rainwater and replenish groundwater, providing a sustainable water source
for various needs.

Cultural and Social Significance: these traditional systems serve not only
as water reservoirs but also hold immense cultural, religious, and sociological
value. They are gathering places for the community and contribute to preserv-
ing heritage.

Resilience to Climate Change: the interconnected lake system in Udaipur
has proven to be resilient against the challenges of climate change. It supports
groundwater recharge, ensuring a consistent water supply, even during peri-
ods of drought (MMHPTN, 2020).

3.3 Madrid, Spain

Madrid was established by the Muslims (around 860 a.D.) as a fortress
to control the Manzanares River valley. The Moors, skilled ‘hydraulic engi-
neers’, introduced irrigation systems and water management techniques, such
as the ganat. This is an ancient system for capturing and managing groundwa-
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ter, which involves long underground tunnels known by different names in-
cluding karez, aflaji, ingruttati, khottara and foggara. These tunnels transport
water to the surface using the gravity, providing a low-impact and sustainable
exploitation system even by today’s standards.’

The foundation of Madrid itself is closely linked to its hydraulic infra-
structures, which naturally developed due to the morphology of the land.
Some scholars suggest that the name Madrid is derived from the Arabic word
mayra, which means ‘water conduit’, combined with the Ibero-Roman suffix
-it, which means ‘place of’. The outcome is Mayrit, the word from which
Madrid is derived (Martinez-Santos & Martinez-Alfaro, 2012).

The ganats of Madrid are often called the ‘vigjes de agua’ (water trips),
derived from the Latin phrase Via Aquae. Other local traditions still connect
Madrid to groundwater. For example, Madrid’s oldest coat of arms bears the
inscription: “Fui sobre agua edificada mis muros de fuego son esta es mi in-
signia y blason” (I have been on the water and built my walls of fire, this is
my badge and my coat of arms). Legends about Saint Isidro the Worker, a na-
tive of the region and Patron Saint of the city, depict him as a renowned water
seeker, i.e. diviner. In total, 124 km of ganats run beneath the Spanish capital;
70 km of which are used to catch water and 54 km to transport it to the city,
supplying water to 750 water sources, which over time became fountains.

The ganats vary in size and shape; some are unlined, while others are
brick-lined with arched ceilings to improve stability and prevent contamina-
tion; most are high enough for a person to walk inside and about 60-80 cm
wide (Martinez-Santos & Martinez-Alfaro, 2012).

Madrid became the capital of Spain in 1561, and as the population grew,
so did the demand for water. Historical documents indicate that several new
tunnels were opened during this period, with the last branch being inaugu-
rated in 1855. The ganats, the capital’s only water source until then, were
replaced by water from the Lozoya River, channelled through the Canal de
Isabel II in 1858. (Gerrard & Gutiérrez, 2018). This change marked a cultural
transition that led first to the decommissioning and then to the disappearance
of these systems. The disposal of ganats implies the loss of history, tradition,
memory and local identity, inextricably linked to the contamination of civil-

7 The construction technique of the ganats involves digging a mother well in order to
assess the depth of the water table. Based on the depth, the lower outlet point of the tunnel is
calculated, which is then excavated to join the two points. Vertical shafts are excavated along
the tunnel route to facilitate access and removal of excavated material, as well as to ensure
ventilation and evaporation. When the tunnel intersects the water table, the groundwater in-
filtrates and is transported by gravity towards the outlet: the water is then conveyed into the
city in distribution reservoirs or irrigation fields.
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isations that in the past, as today, represents the main vector of innovation
and socio-cultural evolution. The ganat technique, along with vernacular ar-
chitecture in general, underlies that connection between the artificial and the
natural systems, between technological and ecological principles, favouring
those ecosystem services essential for planetary equilibrium based on a sys-
tem of mutual exchange between human activity and the cycle of nature.

The ganat technique originated in the Middle East and spread to Europe
and America over time. The ancient ganat system still supports agricultural
and permanent settlements in Iran’s arid regions, and the traditional commu-
nity management system allows for fair and sustainable water sharing and
distribution (De Cesaris, 2023). In 2016, Iran’s ganats were declared a World
Heritage Site. Similarly, in 2002, UNESCO recommended the protection of
Madrid’s ganats as a World Heritage Site to preserve an important part of the
city’s heritage. However, well-preserved ganats are rare, and only a few of
them have survived today. Occasionally, a tunnel is discovered during exca-
vation, as is the case with the Viaje de Agua de Amaniel built between 1614
and 1616. Also known as the Palace waterway, because it was created during
the reign of Felipe III to supply the Alcazar. Today, it can be seen in the gal-
leries near Juan XXIII Street facing the Amaniel Aqueduct. In the same way,
some of its capirotes (well caps) have stood the test of time and survived as
elements of the urban landscape (Madrid, 2009).

The valorisation, management and utilisation of this Cultural Heritage
-compatible with its original function as the city’s water supply- represents
an unmissable opportunity to address the phenomena of heavy rains and heat
islands in Madrid (and perhaps also in other parts of the world). Starting from
these ancient underground infrastructures, an integral regenerative process
can be triggered in line with the recent Nature Restoration Law (approved by
European Parliament in 2023, July 12).

3.4 Rome, Italy

Rome Caput Mundi. The city’s history is rich and spans millennia of ci-
vilisation. This discussion will focus on modern Rome, specifically the city
development between the 19th and 20th centuries, aiming to assess the resil-
ience of its settlement’s fabrics to climate change. During this period, the con-
cept of vernacular/traditional architecture and the focus on the environmental
comfort of settlement fabrics gave way to the real estate market, which be-
came increasingly independent of the hydro-geo-morphology of the territory
and the historical landscape (Funiciello & Testa, 2008). Is this really the case?
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Historically, Rome was built on seven hills (no higher than 40-50 m), which
guaranteed defence from enemies and healthiness from the plain of the River
Tiber. The land was anthropised through drainage networks with the burial
of watercourses and works such as the Cloaca Maxima (Pica & Del Monte,
2018). The progressive anthropisation of the soils and the continuous level-
ling of the minimum altitude differences have certainly influenced the cli-
matic comfort of the city. The reduction of the steepness and the inefficiency
of the underground drainage systems cause evident problems throughout the
urban area (Funiciello & Cologgi, 2008), and the impacts of the floods of the
Tiber extend especially in the historic centre (Lanzini et al., 2008). Further-
more, the ancient Romans had devised solutions for the thermal comfort of
both private spaces -through the use of white and porous lime mortar (which
allowed air permeability and the reduction of humidity inside buildings)- and
public spaces -through the creation of the Viae Tectae, i.e. the covered streets
to protect passers-by from solar radiation- addressing the issue of urban heat
islands ante litteram.

Over the centuries, the city has undergone a slow and fluid stratification
process, adopting settlement rules linked to the knowledge and canons of the
time and favoured by a mild climate. It was during the establishment of the
great European capitals after the Second Industrial Revolution that Rome be-
gan to redesign its urban spaces (Cassetti, 2005). On an experimental basis,
we believe that these solutions have supported the process of continuous ad-
aptation of the city to environmental, meteorological and climatic factors by
creating climate-proof settlement fabrics. The objective, through the study of
the post-unification districts of Rome, is to recognize not the features of ver-
nacular architecture, but of a ‘vernacular/traditional urban planning’ which
has been deposited in Rome, in other European capitals as well, a model of a
resilient city and today recognized for its quality and historical value.

Briefly reviewing the modern history of Rome, the city started to draw its
first city plan after the unification of Italy (1870). The Viviani’s Plan, was not
definitively approved, and instead, the city followed a model of expandion
similar to what was happening in Paris by Baron Haussmann and in Barcelo-
na by Ildefonso Cerda®. The far-sighted experience of Barcelona proves the

8 The Spanish case is emblematic for briefly summarizing the inspiring principles of

a new, modern settlement model which aimed to combine efficiency and aesthetic quality.
The Cerda’s Plan (Proyecto de Reforma y Ensanche de Barcelona, 1859) is well-known for
having used the cuadricula, the orthogonal grid of streets, to facilitate mobility and create
urban blocks that satisfy conditions of density, ventilation and sunlight. Another interesting
aspect is the attention that Cerda retained, to a collector avenue to protect the Eixample from
torrential rains in 1855 (Magrinya & Marza 2009).
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extreme confidence on technological innovation based on a hard engineering
approach. Seems that the approach progressively interrupted the traditional
relationship between humans and nature.

Rome waited until 1887 the official plan, again by Viviani engineer. Nev-
ertheless, in those ten years, the urban area grew through the development of
the “new Piedmontese districts”. They were so called because they housed
the new ministerial management class that arrived from Turin (in Piedmont
region), but also because they repurposed, with the necessary adjustments,
the Turin settlement model. It consisted of straight streets, with four/five-sto-
rey rental houses (already present in Baroque Rome) plastered with yellow
ocher, the cheapest colour, and built around the public squares. “Here and
there, timidly, the ‘Piedmontese’ tried to transplant the portico (arcades): but
on the one hand the weather of Rome did not require them and tradition did
not know them, on the other hand, they stole area from speculation” (Insolera,
2011). The portico was an architectural element that would not have brought
great climatic benefits to Rome at that time, given the constant relationship
with the surrounding countryside — the Agro romano Which transferred the
fundamental ‘ecosystem services’ for free and vegetated soil to the urban dis-
tricts (ventilation, cooling, rainwater absorption).

In these circumstances, the expansion of the popular peripheries in the
capital gave rise through the development of two important neighbourhoods:
San Lorenzo and Santa Croce. San Lorenzo in particular, was build as a quar-
ter for the rail workers, covering almost 40 hectares and featuring an orthog-
onal grid of streets, with five-storey ochre-plastered houses flush with the
street and a closed inner courtyard for ventilation and lighting.

The orientation of the grid is rotated towards the west by 30-40 DEGREES,
allowing the winds to enter, especially in the summer, when they come from
the east and west, channelling themselves into the neighbourhood’s road net-
work. The orientation follows the equisolar axis defined by Gaetano Vinaccia
in 1940, a pioneer in solar engineering (Chiri & Giovagnorio, 2015). This
axis ensure the correct thermal exposure on four sides of the buildings instead
of just two, making it better than the heliothermic one (Vinaccia, 1952). The
road network is not particularly wide (about 12-14 metres), but manuals from
the beginning of the century stated that unlike cold countries, in warm ones,
narrow streets defend inhabitants from the sun and dust, reconciling shading
and ventilation.

271



4. Final Remarks

What is the lesson offered by the FOUR WORLDWIDE case studies? Her-
itage is not just historical elements and practices. It is the urban, the new,
the old, the ignored, the forgotten, and the valued. It serves as a story-telling
machine and a cascading research tool, providing insights to mitigate mod-
ern-day challenges such as climate change through its lived experiences.

In the case of Ecuador, vernacular architecture has economic value be-
cause it uses resources efficiently, both spatial and material. The vernacular
architecture uses what is necessary -no less, no more- making it highly energy
efficient. Heritage buildings highlight aspects such as the walls thickness,
which helps in gaining heat during the day and expelling it during the night
to the building’s interior. Using recyclable materials is a relatively new con-
cept that aims to reduce energy expenditure and maintain a long-term energy
balance in the building (Pérez Gélvez et al., 2012). This approach maximises
and prioritises the use of materials from the immediate environment, favour-
ing in-situ construction, which reduces the ecological footprint and optimises
transportation costs and facilitates its constant maintenance. The minga has
also been used as a tool for heritage conservation that implies cost reduction,
greater feasibility of execution, and optimisation of human resources. This
type of non-wage labour significantly reduces the cost of labour and entrepre-
neurship (Vazquez et al., 2018).

Culture, is the full range of human experiences: from the ones living
through knowledge and practices of indigenous and local communities to tan-
gible remains of earlier societies, who also faced environmental shocks along
with historical trajectories that have created the places and climatic situations
within which we live now (ICCROM-FAR, 2022).

The study conducted on Udaipur sheds light on the importance of cultur-
al knowledge in supplementing scientific data for effective climate change
management. Traditional methods of rainwater and natural water harvesting
can serve as examples of water conservation in India to combat the impend-
ing water crisis. The research emphasizes that city-wide measures, involving
citizens in enhancing preparedness and utilizing traditional knowledge, have
a sustainable and long-lasting impact. Culture and heritage play a crucial role
in developing fair and inclusive pathways for climate action and decarboniz-
ing. Combining indigenous and local knowledge, ecosystem-based and com-
munity-based adaptations can generate transformative sustainable changes.
Governance measures that transparently incorporate scientific and indigenous
knowledge can act as enablers of such co-production (ICCROM-FAR, 2022).
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The case of Madrid offered a clear example of the evolutionary capaci-
ty of vernacular architecture through the use of Islamic hydraulic technolo-
gy. The architecture adapts to the changing temporal needs of society, while
maintaining a harmonious link with natural and urban context. Horizontal
wells, as opposed to drilled wells, respect natural balances and hydrogeologi-
cal balances, utilizing free water tables and following only seasonal recharge
rhythms. These durable and sustainable systems transport of water to the sur-
face without the use of mechanical energy, relying on gravity dependent on
orographic altitude. The aquifer’s potential as a complementary water source
offers an alternative resource to running water to cope with droughts and
water shortages linked to climate change. However, Madrid’s ganats have
mostly disappeared, tombed or closed for security reasons, and to avoid in-
discriminate use as landfills. Most of the isolated segments that have survived
are integrated into the wastewater network. Identifying still existing tunnels
may represent a unique opportunity for the recovery of rainwater in ongoing
growth. The restoration and adaptation of tunnels and connected cisterns offer
a high potential for adaptation to extreme climatic phenomena in a historical
context difficult to modify and transform using modern technologies. Instead,
the successive stratification of such systems has shaped and consolidated the
context.

In the case of Rome, the reported chronicle of urban development at the end
of the 19th century emphasises how the town planning of the time was not in-
different to climatic issues; indeed, in line with European town planning of the
period, it started from considerations closely linked to the geography and hy-
giene of places. The review of the San Lorenzo district in Rome shows that it
is a real piece of the ‘historical city’ as defined by Rome’s land use plan (PRG
2008). The local plan clearly indicates that regeneration actions for these fab-
rics must consolidate the characteristics of the layout, enhancing the process
of street hierarchisation and rethinking the morphological characters of the
streets, i.e. downgrading some road axes in order to favour pedestrian use.

The general idea that derives from these considerations is that exploiting
the ‘co-evolutionary capacity’ of Cultural Heritage (expressive of local know-
how and its techniques) determines its proactive role in the planning of the
city’s future, thus abandoning its role as a constrained asset to be safeguarded
(Della Torre, 2010). The aim is first of all to leverage the vernacular character
of heritage, its ability to resist change and to update itself with respect to the
needs of the times, maintaining a character of compatibility with the envi-
ronment in which it interacts because it does not alter it but incorporates its
specific features.
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Today, talking about regeneration implies implementing development
actions restoring meaning to the material and immaterial culture of places.
Renewed tradition can be the basis for setting up the construction of the sus-
tainable city because it supports urban development in continuity and with
respect for its history. The specificity of local history translates into local
forms of adaptation, i.e. ‘established forms of climate resilience’. By recov-
ering traces, re-signifying and innovating them in terms of sustainability will
contribute to transforming and enhancing urban resilience. The physical and
structural components of Cultural Heritage, if re-enacted, can contribute to
adaptation. They are transformed from fragility to opportunity. Furthermore,
Cultural Heritage is a resource for the identity value and the sense of belong-
ing it generates.
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Starting with a systemic understanding of cultural heritage, climate-change related
urban transformation processes are analyzed through a multi-disciplinary lens and
methods that blend the arts, humanities, and sciences. Governance-specific topics
range from relevant cultural markers and local policies to stimulate resilience, to a
typology of heritage-related governance and the vulnerability of historic urban land-
scapes. A variety of contributions from the Americas, Asia, and Europe describe and
analyze challenges and potential solutions for climate-change related urban transfor-
mation and the role of cultural heritage. Contributions focusing on innovation, adap-
tation, and reuse introduce the concept of urban acupuncture, adaptive reuse of indu-
strial heritage, and how a historical spatial-functional network system can be related
to a smart city approach. The potential role of cultural traditions for resilience is
analyzed, as is the integration of sustainable energy production tools in a historic
urban landscape. Examples of heritage-based urban resilience from around the world
are introduced, as well as the path of medium-technology to address climate adapta-
tion and prevention in historic buildings. The contributions emphasize the need for
an updated narrative that cultural heritage can also contribute to climate adaptation
and mitigation.
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