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SANTA MARIA DEL CAMPO AND SANTA MARIA DE RIOSECO: EVOLUTIVE
CONCORDANCES OF TWO OUTSTANDING CASTILLIAN BELL-TOWERS
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Escobar, Diego A.; Giraldo, Sofia; Moncada, Carlos A.

FENCE WALLS IN THE BAIXO TAMEGA VALLEY

Pinto, Jorge; Reis, Cristina; Bento, Ricardo; Bentes, Isabel; Pereira, Sandra
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D’Andria, Emanuela; Fiore, Pierfrancesco; Falce, Carmelo

TRANSFERENCE FROM INDUSTRIAL ARCHITECTURE TO RESIDENTIAL BUILDINGS:
REYES CATOLICOS STREET DURING THE EXPANSION OF THE SUGAR INDUSTRY IN
GRANADA AS A CASE STUDY.

Martinez-Ramos e Iruela, Roser; Cervera Fuentes, Maria Teresa; Adelaida Martin Martin; Garcia
Nofuentes, Juan Francisco

EARLY REPUBLIC PERIOD MALATYA STATION BUILDINGS

Sari, Fatma Zehra;, Umar, Nur
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Uranga, Eneko J.; Arraztio, Xabier; Uranga, Juan José

1.3.- Urban regeneration.
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77 SOCIO-TERRITORIAL CONTEXTUALIZATION OF HERITAGE ON INTRA-URBAN
SCALE. THE CURRENT HORIZON OF THE MOST RELEVANT OFFICIAL SOURCES

Usobiaga, Elena; De Cos,Olga 426
106 GLOBAL ARCHITECTURE: REHABILITATION AND REGENERATION
Vitrano, Rosa Maria 434
299 MANAGEMENT MODELS FOR ENERGY REGENERATION IN URBAN AND RURAL
AREAS OF NAVARRA
Izcue, Isabel; Garcia Madruga, Carolina .. 443
369 THE HOUSING HARDSHIP IN ROME. PUBLIC RESIDENTIAL BUILDING VS SOCIAL
HOUSING?
Crupi, Francesco 454
370 AUGMENTED ARCHITECTURE AND MULTIFUNCTIONAL BUILDING
EXOSKELETONS, A LOOK AT THE FUTURE OF EXISTING BUILDINGS IN URBAN
AREAS
De Vita, Mariangela; Fabbrocino, Giovanni; Mannella, Antonio; Panunzi, Stefano ... 466
373 URBAN REGENERATION OF VILLAGES AS AN OPPORTUNITY. TOOLS AND METHODS
IN THE CASE STUDY OF MOGORO IN SARDINIA
Atzeni, Carlo; Cadoni, Stefano; Marras, Francesco .. 474
1.5.- Social participation processes and socio-cultural aspects in rehabilitation projects.
13 RECOGNITION AND IMPROVEMENT OF LOCAL TECHNIQUES, CONTRIBUTION TO
THE RE-ROOTING AND EMPOWERMENT OF COLOMBIAN COMMUNITIES IN POST-
CONFLICT
Chica Segovia, Angélica; Ramos Zapata, Maria Camila; Fuya Chontal, Néstor; Mosquera Posso,
JohnKeddy 485
169 THE SOCIAL PARTICIPATION IN THE CASE OF MANGUINHOS HISTORIC
ARCHITECTURAL NUCLEUS (NAHM)
Almeida, Roberta dos Santos; Pinheiro, Marcos José de Aradjo ... 497
327 CITIZEN PARTICIPATION FOR HERITAGE INTERVENTION. AN EXPERIENCE IN
LUCENA (CORDOBA)
Navas-Carrillo, Daniel; Mosquera-Adell, Eduardo; Pérez-Cano, Teresa .. 505
1.6.- Construction pathology.
5 COLLAPSES IN GLUED LAMINATED TIMBER STRUCTURES OF COVERED POOLS, DUE
TO MISTAKES IN ASSIGNMENT OF USE CLASES
Lozano, Alfonso; Lorenzo, David; Martinez, J. Enrique; Alonso, Mar; Alvarez, Felipe ... 514
8 PERFORMANCE OF POZZOLANIC ADDITIONS TO CONTROL ALKALI-SILICA
REACTION (ASR) PROMOTED BY AGGREGATES WITH DIFFERENT REACTION RATES
Menéndez, Esperanza; Sanjuan, Miguel Angel; Garcia-Roves, Ricardo; Argiz, Cristina; Recino,
Hairon 522
9 PATHOLOGICAL MANIFESTATIONS IN SANDWICH VERTICAL PANELS: CASE STUDY
Lordsleem Jr., Alberto Casado; Lira, Virginia Queiroz ... 531
23 ANALYSIS OF RECURRENCE OF PATHOLOGICAL LESIONS IN LOW-RISE
RESIDENTIAL BUILDINGS IN THE CITY OF MEDELLIN
Cafiola, Hernan-Dario; Urrego, Andrés; Granda-Ramirez Fidel; Venegas, Karen ; Arroyave, Joan ............ 539
30 PARAMETERISATION OF THE DEGRADATION PROCESSES IN COATED FACADES
WITH ONE COAT MORTAR RENDERS
Carretero-Ayuso, Manuel J.; Pinheiro-Alves, M? Teresa; Saez-Pérez, M@Paz ... 548
53 THE USE OF MACROPOROUS MORTAR IN THE REHABILITATION OF HANDMADE
BRICK WALLS WITH RISING DAMP
Camino-Olea, M? Soledad; Llorente-Alvarez, Alfredo; Cabeza-Prieto, Alejandro; Martin-Aldudo,
Ernesto; M? Paz Saez-Pérez; Rodriguez-Esteban, M? Ascension ... 556
59 INFRARED THERMOGRAPHY AS A TOOL FOR INSPECTION OF BUILDING DEFECTS IN
COATINGS - ASYSTEMATIC REVIEW
Lima, Wanessa; Cavalcanti, Lucas, Arruda, Vaness, Figueira, Amanda, Bentzen, Mariana, Pévoas,
Yéda, Lordsleem Jr., Alberto 564
62 CONSTRUCTIVE STUDY OF THE SHIPWRECKED HOUSE IN THE PORT OF BILBAO
Marcos, Ignacio; Diez, JesUs; Pifiero, Ignacio; Egiluz, Ziortza ... 577
84 MONTEVIDEO MUNICIPAL OSSUARY. INTEGRAL STUDY AND MANAGEMENT PLAN
Fontana, Juan José; Gambini, Jorge; Méndez, Mary; Tomeo, Fernando; Romay, Carola ~ ............ 587
107 ASSESSING AESTHETIC AND STRUCTURAL DETERIORATION IN HISTORIC
BUILDINGS - A CONTRIBUTION
Dias, L.; Rosado, T.; Bhattacharya, S.; Candeias, A.; Caldeira, A.T.; Mirdo,J. ... 596
128 ANALYSIS OF DOCUMENTAL AND EXECUTIVE PROCESSES OF CONSERVATION OF
BUILDINGS TAKEN AS HISTORICAL HERITAGE
Andrade, Ana Paula Cintra 606
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132 STUDY OF THE HERITAGE BUILDING COMPLEX OF THE NATIONAL MUSEUM OF
COSTA RICA FROM A HISTORICAL, ARCHITECTURAL AND PATHOLOGICAL
PERSPECTIVE
Porras-Alfaro, David; Garcia-Baltodano, Kenia; Méndez-Alvarez, Dawa

162 FACADE DAMAGE MAPS: A LITERATURE REVIEW
Lopes, Melissa L. F.; Silva, Maykon V.; Bauer, Elton

174 RADON EXHALATION FROM THE STRUCTURE OF HISTORIC BUILDINGS. APROBLEM
DETECTED AT THE TOWER OF HERCULES, CORUNA
Frutos, Borja; Alonso, Carmen; Martin-Consuegra, Fernando; Sicilia, Isabel; de Frutos,
Fernando; Perez, Gloria

183 CLASSIFICATION OF BUILDING FACADES BY MEANS OF THE LEVEL OF
PROTECTION CRITERIA
Souza, Ana Luiza Rocha de; Andrade, Daiane Teodoro de; Bauer, Elton;
Souza, Jéssica Siqueira de

196 PATHOLOGIES IN THE ORNAMENTATION OF FACADES IN THE ARCHITECTURE OF
HISTORICIST ECLECTICISM - THE CASE OF MANIZALES (COLOMBIA)

Sarmiento, Juan Manuel; Bedoya, Lina Clemencia; Betancur, Angélica; Ramirez, Esteban

203 THERMAL ANALYSIS OF SODIUM SULFATE CRYSTALLIZATION WITHIN POROUS
BUILDING MATERIALS
Bednarska, Dalia; Koniorczyk, Marcin

207 REALITY-BASED MODEL AND 3D INFORMATION SYSTEMS: A GIS 3D TO MAPPING
THE CRACK PANEL OF THE CHURCH OF SANTA MARIA DEGLI ANGELI IN
PIZZOFALCONE IN NAPLES
Acquaviva, Sabrina; Pulcrano, Margherita; Scandurra, Simona; Palomba, Daniela; di Luggo,
Antonella

216 BUILDINGS INVESTIGATION OF DEGRADATION VARIABILITY IN BRASILIA-BRAZIL
CITY
Rodrigues Neto, Eduardo; Bauer, Elton

226 THE WOOD MOISTURE FACTOR ON THE BIOLOGICAL DETERIORATION OF WOODEN
STRUCTURES
Lima, Daniel F.; Tendrio, Marina; Branco, Jorge M.; Nunes, Lina

241 DEEP LEARNING FOR DETECTING CRACKS IN PAINTED BUILDING FACADES
Pereira, Sandra; Pires, Jodo; Silva, Jodo; Ferreira, Tomas; Neto, Alexandre; Cunha, Anténio

265 IDENTIFICATION OF HERITAGE STONE BUILDING DEGRADATION PATTERNS BASED
ON DIGITAL PHOTOGRAMMETRY DATA
Jalén, Maria L.; Chiachio, Juan; Gil-Martin, Luisa Maria; Hernandez-Montes, Enrique

266 CASE OF STUDY: DIAGNOSIS OF 100 YEARS OLD ABANDONED MILL
Cetrangolo, Gonzalo; Romay, Carola; Mussio, Gianella; Spalvier, Agustin

274 RECURRING DAMAGES IN THE EXECUTION OF CONCRETE SLABS ON LARGE
SURFACES
Martinez Martinez, José Antonio; Manso Villalain, Juan Manuel; Garcia Castillo, Luis Maria;
Aragon Torre, Angel

324 PATOLOGY AND NUMERICAL MODEL OF THE TEMPLE OF SAN FRANCISCO
TZINTZUNTZAN
Marquez, Alberto; Olmos, Bertha ; Jara, José Manuel; Martinez, Guillermo

349 CONSOLIDATION OF A POROUS SANDSTONE USED IN ANCIENT CONSTRUCTIONS
Lamas, Pedro; Pinho, Fernando

............ 744

1.7.- Diagnostic techniques and structural assessment (no destructive testing, monitoring and numerical

modeling).

18 CHARACTERIZATION OF PIGMENTS USED AS PROTECTION AND DECORATION ON
EXTERIOR FACADES OF HISTORIC BUILDINGS
Martinez-Ramirez, Sagrario; Flores Sasso, Virginia; Ruiz-Valero, Letzai; Pérez, Gloria; Guerrero,
Ana; Prieto Vicioso, Esteban; Vuceti¢, Snezana

26 VALIDATION OF ULTRASONIC PULSE TO QUALITY CONTROL OF RECYCLED
AGGREGATE SELF-COMPACTING CONCRETE
Revilla-Cuesta, Victor; Santamaria, Amaia; Espinosa, Ana B.; Chica, José A.; Manso, Juan M.;
Ortega-Lo6pez, Vanesa

44 NUMERICAL APPROCHES FOR SOIL-STRUCTURE INTERACTION IN A HISTORICAL
INDUSTRIAL MASONRY BUILDING
Longarini, Nicola; Crespi, Pietro; Zucca, Marco; Scamardo, Manuela

46 ENGINEERING SKILLS AIDED BY THERMOGRAPHY AND BIM
Ribeiro Antunes, Maria Luisa; Cabaleiro Cortizo, Eduardo; Magalhaes Lenz César Junior, Kleos

60 SEISMIC VULNERABILITY AND RETROFITTING OF A HISTORICAL MASONRY
BUILDING
Scamardo, Manuela; Crespi, Pietro; Longarini, Nicola; Zucca, Marco
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THE FOURTH ARCH OF THE AUGUSTUS BRIDGE AT NARNI (ITALY): A CASE STUDY
OF ROMAN ARCH WITH RIBS

Custodi, Alberto; Scaia, Flora

ANALYSIS OF VARIABILITY AND RELIABILITY OF STRESS WAVE MEASUREMENTS
ON STRUCTURAL TIMBER ELEMENTS IN SITU

Osuna-Sequera, Carlos; Luengo, Emilio; Cabrero, Juan Carlos; Hermoso, Eva

A NEW METHODOLOGY BASED ON NON-DESTRUCTIVE TECHNIQUES FOR OLD
STRUCTURAL TIMBER

Pefialver Oltra, Manuel; Abian Pérez, Miguel Angel; Segura Orenga, Guillem; Martinez Ruiz,
Guillermo Vicente; Reddn Santafé, Miguel

STRUCTURAL ASSESSMENT UNDER LATERAL ACCELERATIONS OF A CONCRETE
VAULTED MAYA BUILDING OF BONAMPAK, CHIAPAS, MEXICO

Hamad, Omar; Sennyondo, Justin; Kimanya, Humfrey; Nguyen, Dung; Tezcan, Selman;
Perucchio, Renato

FUNICULAR ANALYSIS OF MASONRY VAULTS UNDER GENERAL LOADING
CONDITIONS THROUGH A CONSTRAINED FORCE DENSITY METHOD

Bruggi, Matteo; Taliercio, Alberto

EL HORREO, ARCHITECTURAL HERITAGE ELEMENT OF THE PRINCIPALITY OF
ASTURIAS. METHODOLOGY FOR THE INSPECTION AND DIAGNOSYS FOR ITS
CONSERVATION

Vega, Abel; Rodriguez, Soledad

SHAKING TABLE TEST DESIGN OF A TYPICAL CHURCH OF MORELOS STATE

Chéavez, Marcos M.; Duran, Daniel

DISPLACEMENT ANALYSIS OF WOODEN TRUSSES THROUGH DIGITAL SURVEY AND
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ABSTRACT

It is worldwide accepted that climate change is affecting cities and that the conservation of the
cultural heritage contributes to sustainable development. However, despite the high level of interest
and research in climate-change risks, a holistic understanding of the risk that heat waves and heat
urban island phenomena present to urban cultural heritage is noticeably absent from literature.
Aside from understanding the impacts that heritage faces with climate change, the consideration of
loss of heritage and cultural values and assets due to extreme heat waves will promote the resilience
and sustainability of both social and built environmental systems.

The aim of this paper is double, first to identify key performance indicators for risk assessment
methodologies that address both the elements of historic urban areas as a system and the potential
impact of prolonged heat waves. Second, this study aims at developing a categorization for both
buildings and urban spaces within historic urban areas regarding their vulnerability to heat waves,
which will be the basis for further risk assessment. For this twofold purpose, the interaction between
urban spaces, heat waves, and the urban heat island is addressed as well as the vulnerability and
behaviour of traditional materials and building typologies.

To define the elements that conform historic urban areas, the system is addressed from two
perspectives, as an urban system, and as a historic area. At the same time, for a holistic approach,
every element of the system is assessed, distinguishing between socio-economic, cultural,
governance (services and resources) and physical (gathering tangible characteristics of all
infrastructures, elements and buildings) aspects. The indicators and categorization are, therefore,
essential for the evaluation of the impacts of heat waves and the urban heat island on the elements
that conform the system of the historic urban area.

KEYWORDS: Historic Urban Areas; Climate Change; Risk Assessment; Vulnerability; Key
Performance Indicators.
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1. INTRODUCTION AND OBJECTIVE

Global warming continues to increase, according to reports from the World Meteorological Organization
(WMO) [1] the 21st century is now the warmest on record. This ongoing rise in global mean temperature
is increasing the risk and frequency of extreme events, with one of the main threats being heat waves
[2]. Maximum temperatures are recorded in and around urban areas [3], were now resides over half of
the world’s population. With most of the world's population predicted to be living in the largest urban
agglomerations (based on their 2025 populations) [4], they will be exposed to a minimum temperature
rise of 2 ° C above pre-industrial levels, excluding urban heat island effects.

To ensure a resilient future, the most recent special report from the Intergovernmental Panel on Climate
Change (IPCC) [3] identifies urban areas and infrastructure as one of the systems in need of mayor
transformation. Heat waves can adversely the health of urban residents, their assets, wellbeing and
livelihoods, as well as ecosystems and infrastructure within urban areas [5] and is expected for climate
to aggravate heat wave events, with a rise of their frequency, duration and intensity [3]. Population in
urban areas are very vulnerable to extremes in heat and relative humidity, and heat wave events can
increase mortality rates. Even when being under the same climatic conditions, cities have specific
microclimates resulting in heat-island effects, when compared to the surroundings countryside [6].
Specific urban characteristics like low permeability of the soil, higher population densities, higher
concentrations of productive activities, and materials differentiate their response to the changing
climate.

Historic urban areas are very relevant as the source of cultural identity, and important economic assets
and have very specific characteristics that differentiates them when facing extreme events [7]. These
distinct vulnerabilities are because of not only physical characteristics of the built and tangible assets,
but also related to the complete cultural landscape, such as specific population patterns, tourism, or
traditional socio-economic activities. Moreover, over the past decade, climate change has become a
central focus for relevant heritage organizations such as ICOMOS and UNESCO [8,9]. Consequently,
a priority for future policy and research is to assess the risk faced by historic urban areas with respect to
climate change and the related extreme events.

The objective of this paper is twofold, to identify key performance indicators for heat wave impacts on
historic urban areas, and to develop a categorization for the elements of a historic urban area according
to their vulnerability. Therefore, the paper is divided into three sections, the first sets the framework for
the research work, setting goals and developing a methodological approach, in the second part key
performance indicators for risk assessment methodologies are identified that address both the
elements of historic urban areas as a system and the potential impact of prolonged heat waves. In
the final part, a categorization is proposed for both buildings and urban spaces within historic urban
areas regarding their vulnerability to heat waves.

2. FIRST STEPS FOR A RISK ASSESSMENT METHODOLOGY
2.1. Framework and methodological approach

Heat wave vulnerability assessment for historic areas is noticeably missing from literature [10]. This
fact motivated the present study with the goal of assessing vulnerability of historic urban areas by
considering their complexity as physical and socioeconomic entities and provide the framework for a
risk assessment methodology. With this motivation, the goal for this paper is to develop the first steps
for the development of a holistic and multi-criteria methodology for risk assessment of historic urban
areas towards heat waves. The future methodology should aim at identifying vulnerabilities and risks in
historic areas with a holistic perspective, providing support for the prioritization for future adaptation
actions.
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The work carried out for this research is done with a multi-scalar approach, considering both the building
scale and the urban space. Both de development of indicators and the characterization not only consider
the singularities of historic areas, but all of all urban areas to promote integration at city scale. The
assessment should start defining the objectives (why), system being analysed (who/what; in this case
the historic urban system), the stressors (to what; for us, heat waves) and the time horizon (when)
[11,12]. Individual or composite indicators are the foundation for vulnerability and risk assessment; used
to generate information about non-measurable conditions and comparing different measured data [13].

Heat waves are characterized differently depending on the climate of the region, but for a general
definition the WMO guidance on heat-health warning (WMO-No0.1142) defines heatwaves as periods
of unusually hot and dry or hot and humid weather that have a duration of at least two to three days and
a discernible impact on human activities [14]. Following this definition, heat waves are characterized
by the use of two main indicators, temperature and relative humidity (RH); distinguishing between dry
humid heat waves [15]. Hence, the effects of high heat and low or high humidity on the elements that
conform the system of a historic urban area must be the origin for the development of the indicators,

including the variables that conform exposure.
Analysis of Analysis of
cause-effect
relationships

potential
impacts

Extreme |
event

Figure 1. Development of indicators (Adapted from [16])

The studies carried out on urban heat island phenomenon show that the morphological layout of an urban
area that affects shading and ventilation, combined with the technical and characteristics of urban
elements and the type and distribution of green spaces are the main factors influencing its intensity [17].
This is due to the way urban geometry and materials influence wind flow, energy absorption, and the
ability of surfaces to release long wave radiation back to space [18].
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Figure 2. Framework for the analysis of historic urban areas
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To define the elements that conform historic urban areas, we needed to address the system from two
perspectives, as an urban system, and as a historic area. The indicators derive mainly from literature
review, either from and urban perspective, or weathering of historic materials, following the approach
from figure 1.

As shown in figure 2, the historic urban area is considered as a combination of an urban system [19]
with the addition of carriers of significance in historic urban landscapes [20], liking each carrier to the
element of the urban system. To provide a more holistic approach, every element of the system need to
be assesses, distinguishing between social and economic, cultural, governance (services and resources)
and physical (gathering tangible characteristics of all infrastructures, elements and buildings)

3. KEY PERFORMANCE INDICATORS

Consequently to the groundwork explained in the previous section of this paper, the indicators are a
result of characterizing the potential impacts of heat waves and the urban heat island on the elements
that conform the historic urban area. From this approach, combined with the AR5 framework from the
Intergovernmental Panel on Climate Change (IPCC), the impact chain would be as shown in figure 3
and the indicators divided into hazard, exposure and vulnerability.

RISK

4
.
3
E VULNERABILITY
E
v | Probability . .
u<: and Location Sensitivity c?aoglcnitgy
8 | severity P
o
| 7 7
S Buildings Physical
Climate Historic '_1 Cult_ural _
change [ He2Wave @ urban areas Socio-economic

Public space Environmental

IMPACT CHAIN

Figure 3: Relation between IPCC AR5 framework for risk assessment and the proposed impact chain for historic
urban areas.

Beginning with the characterization of heat waves as the hazard, the main parameters to take into
consideration will be temperature, humidity and sun exposure (short-wave solar radiation). As a
consequence of the way the different variations in humidity can affect traditional materials,
humidity cycles and shocks need to be taken into consideration [21].

For exposure, in regards to the buildings, sun exposure is the main indicator. Therefore, the
orientation of the building exposure of the different fagades to the sun and shading of the
surrounding buildings have to be taken into consideration along with the number of daily hours
during which the envelope is hit by solar radiation. At the same time, for open public spaces urban
heat island indicators such us the Sky View Factor and Normalized Difference Vegetation Index
have to be consider. Sky view factor is main parameter in determining the phenomenon known as
urban canyon [18], it indicates the proportion of an urban space related to heat storage [22] and
Normalized Difference Vegetation Index (NDVI) uses satellite images to quantify vegetation.
Along with these two main indicators, tropospheric Ozone (03) levels and acoustic pollution appear
in literature linked to heat. Research shows an increase in ozone levels under conditions such as
high temperature, intense solar radiations, and long sunshine hours, all specific meteorological
characteristics linked to heatwaves [23], with high ozone levels being dangerous for human health
[24]. In the case of acoustic pollution, heat storage inside buildings can be higher in high street
noise areas because of inhabitants tending to ventilate less[25].
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Finally, sensitivity indicators are divided between buildings, and open spaces. Starting with the
buildings, their sensitivity tackles four main areas, social, physical, economic, and cultural
sensitivity. Social characteristics as population density, age group and socioeconomic data are the
main indicators for social sensitivity. In regards to their physical sensitivity, the possible weathering
of sensitive traditional materials under heat wave conditions [21] linked to their construction date
and style, and the thermal characteristics of the materials, like albedo or thermal diffusivity provide
the main indicators. The indicators for economic sensitivity are based on the use of the building,
considering either its productive use, residential, public etc., or because of touristic importance. In
relation to cultural sensitivity, the link of the building either to communal memories or to rituals or
traditions are the proposed indicators. When considering the sensitivity of public spaces to heat
waves, the indicators are proposed divided among its physical characteristics (mainly albedo), its
use, and its cultural value, mainly its link either to communal memories or to rituals and traditions.

Coping capacity indicators are divided in social, building, and public space. For the assessment of
social coping capacity healthcare access (distance to hospital and availability of hospital beds), and
awareness of the population to the hazard, like the existence of emergency plans are considered. In
the case of buildings and open public spaces, accessibility is the main parameter considered, with
the existence of elevator in the case of buildings, and accessibility for ambulances and firefighters
in the case of open spaces, as the main indicators.

4. CATEGORIZATION OF HISTORIC URBAN AREAS

Categorization is a very relevant step in a risk assessment methodology when it comes to its replicability.
For the analysis of a large and varied stock of buildings and public spaces such as an urban area, a
statistical approach may be used, with the aim to describe all the assets using archetypes o sample assets.
Sample assets refer to real elements of the area that include measured data, on the other hand, archetypes
include estimated statistical data [26,27]. The methodology for the categorization of an area will be,
therefore, a statistical distribution of the characteristics of both buildings and open spaces, starting from
samples and then extrapolating these results to elements of the same category, thereby obtaining an
overall vulnerability assessment for the historic area. With this goal in mind, the objective is to create a
limited number of samples that are able to represent almost the entire building stock and public space
of the historic urban area considering the limitations imposed by data availability. These categories
should reflect the vulnerabilities of both buildings and public space to heat waves, considering their
cultural value, use, social and constructive characteristics following the approach used for the
development of the indicators. Furthermore, data should be as widely available as possible, in order to
build a replicable model for different case studies [28][29]. Hence, for the step of the generation of the
categories, the characteristics of the urban are and the concentration of different values is very relevant.

It is important to consider the equilibrium between the amount of categories and their representativeness
considering the relevance of the indicators. Once the categories are developed, a minimum threshold is
set to discard the less representative ones. Depending on the size and characteristics on homogeneity
that the area presents, the threshold should be set between the 2% and 5% for the best results [29].

According to the above-mentioned requirements, for buildings the categorization will be based on their
following parameters divided between physical sensitivity, use, cultural value and social sensitivity.

e Physical sensitivity: This is compose of the correlation of year of construction (divided into
construction periods that have similar construction techniques/materials, and consequently, the
same vulnerability to heat waves) and state of conservation

e Use: for this category the buildings main use is considered, distinguishing between residential,
industrial, public use and touristic use, while adding relevant added characteristics such as
commercial use, the existence of touristic apartments in, or the sensitivity of the public use to
heat wave conditions.
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e Cultural value: for cultural value the main category is the protection level of the buildings with
the addition of if it is linked or not to communal memories or traditions.

e Social sensitivity: population density is the main category in this area, subdivided considering

the percentage of population older than 65.
State of

Very good Category | == % representativeness
Before XVI century Medium Category 2 == 9% representativeness
XVI cent. to 1850 Bad Category 3 —P % representativeness
Physical Year of 0 1550
sensitivity construction SO 2
1920 to 2006
After 2006 Category n

Figure 4: Example of the categorization process for buildings regarding physical sensitivity.

For the categorization of public space, the following parameters were chosen following physical
sensitivity, cultural value and environmental characteristics:

e Physical sensitivity: this main category for public space if created with three subdivisions,
starting with the Sky View Factor to predict the possible street canyons, then adding NVDI
levels to measure the amount of vegetation and adding the albedo of the spaces as the last
characteristic.

o Cultural value: for cultural value the relevance of the space for the live in the area is considered,
then adding if it is linked or not to communal memories or traditions.

e Environmental characteristics: at last, this category considers the density or scale of the space,
distinguishing between main and secondary streets, subdivided considering the existence of
traffic or if it is pedestrian only.

5. CONCLUSIONS

Heat wave vulnerability assessment for historic areas is a noticeable gap in research and climate
change risk assessment is a very relevant and necessary topic to ensure a resilient future for cities.
The present study presents the first steps for the development of a holistic and multi-criteria
methodology for risk assessment of historic urban areas towards heat waves. Further work for the
development of a full methodology should identify risks in historic areas with a holistic perspective,
as a tool for the prioritization for future conservation and adaptation actions.
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