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a b s t r a c t 

The historical built environment (HBE) in urban areas is prone to disasters, which threaten both people 

and the historical built heritage itself. In such a scenario, risks depend on the combination between dif- 

ferent possible (multi-) hazards (including climate change-related ones), the vulnerability and exposure 

of HBE users, and the physical (morphology-, typology- and construction-related) features of the HBE. In 

this context, squares are relevant components of the HBE from a meso–scale perspective, which is based 

on the layout and morphology of open spaces, buildings blocks and their users. Squares host cultural her- 

itage and attract users, both tourists and citizens. Moreover, squares are nodal points for the emergency 

path network and are crucial and significantly affected during the immediate aftermath of the disaster 

occurrence (e.g. by debris on the ground in the case of seismic hazard during the evacuation phase). 

Current approaches for risk assessment and mitigation entail the consideration of each specific square, 

but this approach is time-consuming, scattered between the different hazards and complex to apply to 

a multi-risk perspective. Therefore, this work provides a methodology to identify and classify the most 

relevant physical features of squares in the HBE, which are able to improve or worsen the performance 

of the HBEs to multi-risks from multi-hazard scenarios. The research is rooted in the existing literature 

and strengthened by experts’ judgement analyses. The proposed methodology synthesizes the considered 

relevant features of the squares in the HBE into quantitative parameters, which allow to verify the vulner- 

ability to multi-risk of the squares. Such parameters are further organized into classes for the typological 

assessment of the multi-risk. To test and detail the parameters, the method is tested on a relevant case 

study, which is the Italian context. Indeed, such a case study is relevant not only for being subject to 

multi-risks (e.g., seismic, terrorist, heatwave and air pollution), but also because the vast majority of the 

urban areas are composed by HBEs and hosts cultural heritage sites. Moreover, in this context, squares 

have not only an environmental, but also a social and economic importance in the HBE and are thus par- 

ticularly relevant. Then, in the relevant case study of Italy, further detailing and calibration of the defined 

classes of the relevant parameters, as well as their ranges, are tested on 133 squares, which cover the 

entire Italian territory. Results demonstrate that the identified classes and ranges of the parameters are 

suitable for describing historical squares by arranging them into typologies for multi-risks assessment. Al- 

though the parameters are here presented for the Italian context, they are of general value and could be 

tested in other contexts, by calibrating the ranges as illustrated for the specific considered sample. Thus, 

the outcomes of this work allow moving towards the classification of squares into built environment ty- 

pologies according to the meso–scale perspective, provide the bases for and promoting the application of 

expeditious approaches to multi-risk assessment in the HBE. 

© 2022 The Authors. Published by Elsevier Masson SAS. 
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. Introduction 

Urban areas, which host the vast majority of the world pop- 

lation [1] , are increasingly prone to disasters [ 2 , 3 ]. Furthermore,

rojections for the next future state that urban population will be 

ncreasingly growing, exacerbating the pressure on cities [4] . Land 

onsumption and the growing pressure on the infrastructure sys- 

em [5] , together with Urban Heat Island effect (UHI) [6] , pose se-

ious threats to users’ safety and wellbeing, already menaced by 

limate change-related challenges [7] . In this panorama, critical 

onditions for both the users and the built environment (BE) are 

articularly exacerbated in the historical built environment (HBE). 

ndeed, the historical built environment is defined as a built envi- 

onment that was built in the past and often retains an historical 

alue [8] . The HBE is usually characterized by the presence of cul- 

ural, architectural and artistic heritage [9] , as well as by specific 

orphology, typology and construction technologies [10] . As such, 

he HBE is complex with respect to the following factors [11–14] : 

(i) hazard (including single-hazard and concurrent/successive 

multi-hazards), which is defined as “a process, phenomenon 

or human activity that may cause loss of life, injury or other 

health impacts, property damage, social and economic dis- 

ruption or environmental degradation. (…) Hazards may be 

natural, anthropogenic or socionatural in origin” [15] ; 

(ii) vulnerability (including physical vulnerability of the cultural 

heritage and compound, narrow and tangled urban form), 

which is defined as “the conditions determined by physi- 

cal, social, economic and environmental factors or processes 

which increase the susceptibility of an individual, a commu- 

nity, assets or systems to the impacts of hazards” [15] ; 

(iii) exposure (including the HBE intended uses and their attrac- 

tiveness for visitors and citizens), which is defined as “the 

situation of people, infrastructure, housing, production ca- 

pacities and other tangible human assets located in hazard- 

prone areas” [15] . 

These terms (e.g., hazard, vulnerability and exposure) allow 

raming the risk related to disasters. Indeed, according to UNDRR 

16] , a disaster is “A serious disruption of the functioning of a com- 

unity or a society at any scale due to hazardous events interact- 

ng with conditions of exposure, vulnerability and capacity, leading 

o (…) human, material, economic and environmental losses and 

mpacts” [17] , and entails the effect of hazard on specific vulnera- 

ility and exposure conditions. Disasters can be classified accord- 

ng to the timing of their consequences [ 18 , 19 ]. Therefore, accord- 

ng to the definitions by the UNDRR, a disaster is different from 

 hazard, as it entails an intrinsic risk due to its effect on a vul-

erable environment, where something/someone is exposed to it. 

oreover, the term risk is related to the potential effect of a dis- 

ster, considering the hazard, the vulnerability and exposure. Thus, 

lso the term hazard is different from risk, as hazard is one com- 

onent of risk. Disasters can emerge gradually over time and take 

 long time to produce the emergency, leading to SLOD (Slow- 

nset Disasters), such as strong air pollution and more frequent 

nd intense heatwaves. Else, they can be unexpected and rapid 

vents, i.e. SUOD (SUdden-Onset Disasters), such as earthquakes 

nd terrorists’ attacks [19] , where the effects of the disaster sud- 

enly appear, thus leading to the rapid development of emergency 

onditions. Nowadays, the frequency and intensity of some of the 

bove-mentioned disasters is increasing due to the combination of 

xacerbating hazard, vulnerability and exposure factors, especially 

hile referring to HBEs [ 2 , 3 ]. 

Therefore, this work aims at proposing effective parameters re- 

ated to HBE features, which are useful to evaluate HBE vulnerabil- 

ty to multi-risks. 
168 
In the following subsections, the background of the research 

 Section 1.1 ) and the identified gaps ( Section 1.2 ) are illustrated, 

hile delineating the detail of this research. The remainder of the 

rticle is structured as follows: in Section 2 , the research aim is 

resented; Section 3 illustrates the research methodology, which is 

urther detailed in the dedicated subsections related to the selec- 

ion of the morpho-typological parameters (3.1) and the data gath- 

ring (3.2). Results are presented in Section 4 , which illustrates the 

dentified parameters for multi-risk scenarios (4.1), their applica- 

ion and testing in the case study of Italian historical urban settle- 

ents (4.2) and the definition and discussion of the square typolo- 

ies for multi-risks (4.3). Finally, conclusions are drawn ( Section 5 ). 

.1. Multi-risks in the built cultural heritage: background 

The combination and concurrence of such multiple cascading 

LODs or SUODs imply facing multi-risk scenarios in the HBE 

 20 , 21 ]. In this context, it is worth noting that the features of the

BE at the macro-, meso– and micro-scales are able to influence 

he effects of single and multiple hazards on the physical elements 

s well as on the hosted users of the HBEs [22] . Indeed, at the

acro-, meso– and micro-scale, the HBE possesses physical fea- 

ures (morphology-, typology- and constructions-related), that are 

ble to influence the overall urban resilience, which is defined as 

he ability of the urban system to resist and adapt to change and 

azards [15] . According to existing categorizations for the above- 

entioned scales [22] , the macro-scale is related to the urban di- 

ension, the micro-scale is concerned with buildings and their 

omponents, while the meso–scale deals with the layout of build- 

ng blocks, streets’ structure and network, open spaces pattern and 

istribution, at the neighborhood scale. Meso-scale analyses are 

articularly suitable for considering interactions among users and 

 significant part of the surrounding HBE (i.e. the basic buildings 

nd open spaces network where users “behave” before, during and 

fter the disaster) [ 23 , 24 ]. Indeed, meso–scale analyses allow an 

xpeditious approach, i.e., a rapid assessment based on the iden- 

ification of synthetic indicators [ 25 , 26 ], but still considering the 

ritical, punctual conditions of the HBE that can influence the risk 

cenarios [ 11 , 13 ]. 

By tapping on meso–scale analyses, the square is the funda- 

ental component of the HBE, and is the most relevant Open 

pace (OS) to consider [27] . Indeed, squares in the HBE often host 

elevant cultural heritage points-of-interest and sites, and at the 

ame time they are condensers of users’ activities and events [27] : 

s such, they are attractors of risks and exposure, and are thus 

f primary importance to investigate during and after SLODs- and 

UODs-related emergencies [28] . The role of squares in the HBE as 

laces where social life happens [ 27 , 29 ] is highlighted especially in

he Mediterranean region and Mediterranean squares are defined 

s “the urban element par excellence, which from antiquity has sup- 

orted public activity — religious, commercial, administrative, leisure, 

tc.” [30] . 

Additionally, the Mediterranean region is one of the most rel- 

vant and significant case-study areas worldwide with respect to 

ulti-risks [31] , considering the frequency and intensity of disas- 

ers and considering the vulnerability and exposure that character- 

ze such a peculiar historical and densely populated region [ 32 , 33 ].

n fact, the majority of the Mediterranean building stock is histor- 

cal, with many protected historic buildings and cultural heritage 

ites and squares, and most often inadequate to provide safe and 

omfortable conditions to risks [ 9 , 34 ]. These issues particularly af- 

ect the squares in close proximity of such vulnerable built her- 

tage, e.g., debris could prevent an effective response to the seismic 

azard. 

In greater detail, the hazards affecting Mediterranean HBEs de- 

ive from both climate change and geo-morphological characteris- 
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ics, in addition to the exposure given by the high population den- 

ity [35] . 

With respect to SLODs , heatwaves (HW) and UHI are increas- 

ngly growing, where UHI implies higher temperatures (up to 

 10 °C) in cities than in surrounding suburbs [6] . Mediterranean 

BEs are also particularly sensitive to air pollution (AP), due to the 

igh density of population and the related pollution-provoking an- 

hropic activities, such as traffic [36] . UHI and Urban Pollution Is- 

and (UPI), which is a similar concept to UHI but related to the 

resence of increased pollution particles in cities than in the ru- 

al atmosphere [37] , are linked and urban form has a significant 

ole in determining both of them [38] . Compact urban areas (as 

ypical for most of the Mediterranean HBEs) aggravate both UHI 

nd UPI [39] and density was demonstrated to be the most rel- 

vant predictor, together with urban land cover in the suburbs of 

prawling urban areas [40] , thus identifying typology and morphol- 

gy as relevant determinants of the vulnerability of a square or an 

pen space. Many studies demonstrated the relevance of the ratio 

etween height and width (e.g., for urban canyons) in determining 

hermal stress or pollution dispersion [ 41 , 42 ]. Pollution, in addition 

o being harmful to people wellbeing and health is also deleterious 

or the built heritage, as it causes deterioration by means of atmo- 

pheric corrosion, soiling and degradation [ 43 , 44 ]. Also construc- 

ion features, such as the finishing of urban surfaces, are able to 

ffect thermal stress and air quality, as there are specific materials 

hat can mitigate extreme temperatures [ 45 , 46 ]. 

With respect to SUODs , many of the Mediterranean HBEs are 

ubject to elevated seismic (S) risk [47] and are characterized 

y the high fragility of the building stock due to the prevalence 

f un-reinforced masonry structures and monuments, which are 

ore vulnerable to collapse during seismic shocks [ 4 8 , 4 9 ]. Users’

afety in the immediate aftermath of the disaster and during the 

vacuation process is affected by (i) the peculiar configuration of 

he meso–scale components, thus the squares as the most sig- 

ificant and relevant component due to their role in the emer- 

ency network and in the HBE in general, and by (ii) the post- 

arthquake damages of buildings, which entails the presence of 

ebris on the ground of the square and its accesses [ 11 , 50 ]. More-

ver, as above-recalled, HBE squares are also rich in historical land- 

arks that could be vulnerable to the SUOD of terrorist attacks. 

ndeed, the presence of important cultural heritage points of inter- 

st, as well as the high population density and social activities the 

UOD case, typology, morphology and construction features have 

emonstrated their relevance in determining the vulnerability of 

quare/OS. Indeed, depending on the square typology and mor- 

hology, debris could block the way out/way in or provide for ad- 

quate safe space at the center of the OS [11] or to reach a safe

pace outside the square [51] . Moreover, construction features de- 

ermine the amount of debris falling down [ 25 , 52 ]. 

In the above-illustrated panorama, the knowledge and under- 

tanding of such vulnerable components of the Mediterranean HBE, 

he squares, is crucial for safeguarding people living and visiting 

uch areas, as well as for maintaining and protecting the cultural 

eritage hosted by the HBE. 

Indeed, a deeper knowledge at the meso–scale of the urban 

hysical features of Mediterranean squares in the HBE would al- 

ow reducing multi-risks coming from the above-mentioned haz- 

rds (both natural and man-made), thus favoring the conservation 

f their cultural heritage, while safeguarding users and promoting 

ourism, towards the valorization and environmental, social and 

conomic sustainability of such region. 

.2. Identified gaps and original contribution 

Previous studies dealt with the definition of multi-risk assess- 

ents models for cultural heritage sites, but there are some gaps 
169 
hat still need to be filled, as briefly reported below. Indeed, Appi- 

tti and colleagues [53] evidenced that risk assessment is generally 

pplied at the urban and territorial scale (macro-scale) rather than 

n smaller scales (micro- and meso–scales), thus limiting the un- 

erstanding of the most critical and punctual elements that affect 

he HBE and its users’ safety. Anyway, research moving towards 

he micro-scale analysis have been recently increased, thus allow- 

ng the characterization of single building components of the ur- 

an settlements and their typological organization, in view of risk 

ssessment and mitigation actions. Indeed, Sesana and colleagues 

12] developed an approach to assess the vulnerability of World 

eritage Sites to climate change-related risks on a periodic ba- 

is, by means of consultations with local experts and stakehold- 

rs. Santos and colleagues [54] conducted an inventory of buildings 

nd urban mesh typologies for the historical city center of Seixal, 

n Portugal, with the aim of conducting rehabilitation interventions 

o support risk mitigation. Belpoliti and colleagues [55] performed 

n expeditious evaluation of the energy performance of buildings 

n an historical urban settlement by considering three archetype 

uildings based on geometry, age and material features. The ex- 

editious method allowed them to propose the best retrofit so- 

utions for the entire urban settlement, by focusing on the spe- 

ific case in a general manner. While the above-mentioned works 

ocused mainly on the building component of the urban settle- 

ents, only few studies focused on how such built heritage could 

ffect the surrounding open spaces, which is a critical element 

ith respect to multi-risk management scenarios. Quagliarini and 

olleagues [11] considered buildings, open spaces and streets of 

BE to evaluate risk scenarios for earthquakes, by focusing on the 

osted individuals and their behavior. 

This work adopts the same approach in considering the squares 

f the HBE at the meso–scale, but aims at giving a general 

ramework for quantitatively assessing the physical (morphology-, 

ypology- and construction-related) features of the square that are 

elevant for multi-risks, such as heatwaves, air pollution, terrorism 

nd earthquakes. The understanding of such physical features plays 

 key role for performing a meaningful classification of Built Envi- 

onment Typologies for squares (i.e., square typologies), according 

o their sensitivity to risks and multi-risks [22] . 

Towards this aim, urban morphology is exploited, which specif- 

cally considers the components of the urban form at the neighbor- 

ood scale [56] and aids in the analyses of the relations between 

hysical form and spatial structure according to geographical, his- 

orical and architectural considerations [57] . Within the discipline 

f urban morphology, it is useful to introduce urban morphomet- 

ics [56] , as adopted from morphometrics and taxonomy in life 

ciences, as a quantitative method for classifying urban forms by 

eans of parameters based on physical features. 

With respect to urban morphology, the square is conceived as 

 nodal outdoor area surrounded by frontiers with specific mor- 

hology, typology and construction features, which determine the 

hape of the outdoor space with its layout, type of buildings or 

ther urban elements facing the square [58] . The parameters for 

ystematizing typologies of squares with respect to their perfor- 

ance towards multi-risks, which are the subject of this work, are 

he bases for future expeditious approaches, and thus of interest 

or researchers in the field of urban resilience, urban planners and 

olicymakers. The purpose of this classification is not defining un- 

quivocally the typology of squares as components of the HBE, but 

mplementing the method to provide and classify a list of parame- 

ers that allow the expeditious identification of specific square ty- 

ologies. Every square could be defined with respect to its typol- 

gy by means of a combination of the given parameters, to allow 

racing its performance during disasters. The characterization of 

he parameters is the preliminary step towards the assessment of 

he performance of the square to multi-risks, as the site that plays 
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 key role during emergency phases and influences the behavior of 

he users [11] . The performance of the square, nodal point of the 

S, influences the overall safety conditions of the HBE [59] . 

In order to identify and test such parameters, a relevant and 

ignificant sample of squares is considered among the Mediter- 

anean region. Given the baricentric position and the richness in 

ultural heritage and historical urban settlements; given the high 

ensitivity to multi-risks due to historical and geomorphological 

eatures, the entire Italian territory is considered as a relevant case 

tudy. The depiction of the Italian context is achieved due to the 

onsideration of at least one city for each Italian province, with a 

ample of 133 urban areas. For each of these cities, the analysis 

s focused on squares, defined as nodal “unroofed ground space in 

he city (either natural or human-made)” [22] . 

The original contribution of this work, in addition to consider- 

ng the specific Italian context at the meso–scale towards urban 

esilience, is to tap on the multi-risk approach, deemed as fun- 

amental to address risks, as cascading disasters could affect the 

anagement of the risks. Therefore, an overall panorama about all 

he parameters affecting multi-risks in the HBE and the identifi- 

ation of the mentioned parameters for the Italian context is pro- 

osed in this contribution. 

Even if here the case of Italy is taken into account, the method 

hat is here employed is of general applicability to other contexts. 

he identified parameters for defining square typologies can be 

asily modelled for further simulation analyses, and are thus the 

rst theoretical step towards multi-risk assessment in urban ar- 

as, which is the aim of the BE S2ECURE Italian National project 

 58 , 59 ], of which this work is part. 

. Research aim 

Based on the above considerations, the research question we 

ant to respond to is: are there suitable morpho-typology param- 

ters that allow describing the attitude of squares in the HBE to- 

ards multi-risks, to support the application of a rapid multi-risk 

ssessment? 

Thus, this article aims at systematizing the physical features 

morphology-, typology- and construction-related) relevant to- 

ards multi-risks, by focusing on squares in the HBE, which are 

rone to risks, in that they are vulnerable, subject to hazards and 

igh exposure. In so doing, the traditional approach to risk assess- 

ent for open spaces, which considers specifically each individ- 

al space at a time to assess its vulnerability, is surpassed. Instead, 

e set the bases for a novel, expeditious meso–scale approach, by 

dentifying quantitative parameters based on physical features. In- 

eed, the complexity of the BE in historical multi-hazard-prone 

reas, calls for the definition of suitable parameters to identify 

quares typologies that are most vulnerable in the HBE. Thus, the 

dentification and classification of specific parameters aids in the 

ummary of the key characteristics that may have a mitigating 

r exacerbating effect on the HBE response to multi-risks from 

ulti-hazard scenarios. The article identifies quantitative param- 

ters, tests and further details them by applying them on a signif- 

cant sample of historical squares in the relevant Italian context. 

he focus of this work is characterizing squares as crucial com- 

onents of the HBE subject to risks, not the elaboration of a risk 

ssessment method. 

. Methodology 

The proposed methodological approach relies on a thorough 

nowledge of the multi-risk analysis with respect to the factors de- 

ermining risks and the physical characteristic of the HBE affecting 

hem. The method employed for delineating the proposed method- 

logical approach is based on successive steps ( Fig. 1 ). 
170 
The first step consists in the identification of HBE physical fea- 

ures that are correlated to SUODs/SLODs factors. The choice of the 

ost relevant features is based on an extensive literature review 

eveloped in the previous BE S 2 ECURE Italian National project and 

n the use of groups of experts [ 28 , 58 , 59 ]. After selecting the rele-

ant features, quantitative parameters to describe each of the iden- 

ified feature are defined, with the aim of providing quantitative 

easures for the representation of the physical form of the square 

ypologies. According to this purpose, and as a second step, the 

pecific case study of the Italian context is considered, and a sam- 

le of 133 squares covering Italian historical towns is considered. 

t is worth evidencing that the case study is not aimed at inves- 

igating square typologies in historical cities in Italy. Instead, the 

urpose of the case study is to identify general criteria that allow 

escribing in an exhaustive but still synthetic manner the most rel- 

vant features for multi-risks evaluation of HBE squares. A descrip- 

ive statistical analysis is carried out with respect to the said pa- 

ameters, considering the broad sample of Italian historical squares 

y means of a database, in order to test and further detail their 

anges. The following subsections will provide an in-depth illustra- 

ion of the method employed to carry out each step. 

.1. Selection of morpho-typological parameters in a multi-risk 

erspective 

According to the state-of-the-art overview (as by [ 28 , 59 ] and 

y the introduction of this article), the correlation between risks 

actors and physical characteristics of a generic HBE square is dis- 

ussed by combining considerations about SUODs/SLODs assess- 

ent and the morphological characterization of the square. Physi- 

al characteristics of the HBE influencing risks have been collected 

n previous steps of the research due to their demonstrated crucial 

ole during all the phases of disasters [ 58 , 60 , 61 ]. Moreover, a quick

urvey form has been implemented to collect the risk-related fea- 

ures of the squares according to the multi-risk approach [28] . The 

orm is composed of five sections representing different specific 

elds of the square features, namely morpho-typological, geome- 

ry and space, construction, functional and environmental charac- 

eristics. These characteristics deal with both the elements of the 

rontier of the square (e.g. buildings facing the square, or rather 

he built fronts as recalled above) and elements contained within 

he square [58] . 

Even if such features affect differently the risk definition of 

UODs and SLODs, it is possible to detect some significant param- 

ters that are simultaneously relevant for more than one, up to 

ll the four risks (seismic, terrorism, heat waves and air pollution) 

60] . 

Among the parameters contained in the survey form, those re- 

erring to morphological and spatial features are selected based on 

he purpose of the square typology definition towards multi-risks, 

n terms of physical features. Fig. 1 shows the considered features 

y organizing them into typology-, morphology- (as characteristics 

f geometry and space) and construction-related categories. Addi- 

ionally, Fig. 1 points out the relationship of the features with risk 

actors (H-hazard, V-vulnerability and E-exposure, as defined in the 

ntroduction section) and the SUODs/SLODs risks considered in this 

ork, including relevant literature references and the results of the 

xperts’ judgment criteria for their selection. The experts’ groups 

re composed of eight building engineers with a recognized ex- 

ensive experience in the specific field of resilience strategies in 

BE prone to risks [62] . Experts identified the relevant parameters 

y assigning a “relevance score” to each of them, and elaborated 

he correspondence between the parameters and the risk factors 

H, V, E). It is worth noting that the resulting “total count of 

he relevance” for each feature is not assigned by assessing the 

isk level, but to identifying the most crucial components of the 
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Fig. 1. Diagram of the applied methodological steps. 
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quares in the HBE that influence risk. Indeed, such characteri- 

ation is conducted on the basis of quantitative parameters that 

ave a significant influence in the definition of risks. Therefore, the 

igher the “total count of the relevance”, the higher the impact of 

he square feature on the multi-risk characterization. As such, the 

otal count of the relevance is comprised between 1 and 4, where 

he maximum of 4 is obtained when the parameter is relevant for 

ll the four considered hazards and thus particularly relevant for 

he multi-risk analysis. 

The obtained most significant parameters can be adopted for 

he definition of square typologies, as they represent physical fea- 

ures of the OS, and, at the same time, they influence the HBE re-

ponse to SUODs/SLODs. The parameters identified in Table 1 scor- 

ng the upper half of the total count of the relevance (i.e., those 

coring 3 and 4) have been aggregated into the final nine main 

arameters for the square typologies definition ( Table 1 ). Some 

arameters, which did not emerge as relevant from the analysis, 

ere still identified by means of a second round of judgement 

f the same experts and added to the final considered parame- 

ers. In greater detail, Structural Type (SA/SU) characterizes the 

uilt fronts with respect to both the geometrical configuration of 

he square frontier (i.e. isolated building (SU) or continuous built 

ront (SA)) and the structural response especially to the seismic 

isk. Moreover, the presence of Special buildings (such as mu- 

icipal buildings, educational ones and similar) and also monu- 

ents and churches, provides a crucial information about the type 

f buildings facing the square, both with respect to structural and 

unctions-related aspects that strongly influence the exposure to 

isks. A short description of the parameters is provided in Fig. 2 , 

lso according to the related references shown in Table 1 . 

On the other hand, some parameters that were first selected for 

he total count of the relevance are not included in the final selec- 

ion of parameters, according to the same second round of expert 

udgement. Although fixed obstacles, pavement/surface condition 

nd the presence of water can be listed in the relevant features 

cheme of Table 1 , they include a broad variety of components 
171 
nd thus do not allow providing a typologically univocal charac- 

erization of the square for the purpose of this expeditious assess- 

ent. Indeed, even if some of these excluded parameters are quan- 

ifiable, such as “pavement finishing” with respect to albedo and 

hus potential in mitigating heatwave [91] , the enormous variety 

f materials and the difficulty to gather this information by means 

f expeditious assessment motivated the exclusion. For example, 

igh-albedo materials are not always detectable, as, especially in 

he HBE, they are colored as traditional materials, e.g., cool-colored 

aterials [ 92 , 93 ]. Similarly, “Urban furniture and obstacles” include 

 wide variety of possible systems that conflict with an expeditious 

ssessment, and they can be similarly managed for their assess- 

ent in the proposed methodology. 

Each parameter in Fig. 2 is quantified to allow the collection 

f the relevant data from real world cases, by using both Boolean 

nd non-Boolean values, and then arrange them into classes for 

he typological representation of the squares. Such data are also 

equired for the in-depth analysis of the capability of parameters to 

escribe the square, also pursuing a statistic-based representation 

f squares’ features. 

Moreover, the parameters are recalled in a specific order (from 

 to 9), by following a dimensional criterion. Indeed, the param- 

ters related to macro dimensions of the square are investigated 

rst, and then smaller-scale parameters characterizing the content 

f the square (the frontier first, and then the OS) are described. 

his order facilitates the definition of the typologies, as the pa- 

ameters are considered in sequence, starting from those for the 

igher scale (macro), down to the small scale (micro). 

.2. Data gathering and analyses for the construction of the 

orpho-typological database of Italian squares 

In order to practically define the square typologies by means of 

uantitative assessment of their physical features [56] , a significant 

nd relevant case study is selected. As illustrated in the introduc- 

ion section, the Italian context of historical urban settlements is 
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Table 1 

Summary of the main features from literature, specifying the relation with the risks factors (H-hazard, V-Vulnerability, E- exposure), SUODs (Seismic-S, Terrorism-T) 

and SLODs (Heat Wave-HW, Air Pollution-AP) risks and the results of the survey to the experts [28,42,48,50,51,58,60,61,63–90] . 
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onsidered towards this purpose, due to its relevance and signifi- 

ance, still aiming at defining a general methodology. 

A quantitative definition of the above-described parameters al- 

ows for the collection of the relevant data from the case study 

ontext and the implementation of the database. 

Therefore, the procedure for the creation of the database of 

quares from the Italian context is addressed in this section. The 

ata gathering process is performed on the basis of empirical ob- 

ervations and measurements of the selected morpho-typological 

arameters by means of web-based investigations. A combina- 

ion of Google Earth [94] , Maps and Street View by Google Maps 

95] are employed to extrapolate all the features of the considered 

quares. The database is implemented in MS Excel [96] , and the 

escriptive statistics are conducted by means of STATA 10 tool [97] . 

In order to select a significant sample of HBEs for the relevant 

ase study of the Italian context, the main cities of Italy are taken 

nto account. All the 112 provincial capitals of all the Italian Re- 

ions, plus further 21 medium-sized cities (i.e., over 20,0 0 0 inhab- 

tants) are considered. The 21 towns have been included, even if 

hey are not provincial capitals, to enrich the sample of squares 

ith representative situations that are widespread in medium 

ized and small urban contexts. The database is thus composed by 
m

172 
33 Italian squares. The whole database adopted for the statistical 

nalysis is reported in the supplementary material. 

. Results and discussions 

.1. Parameters for multi-risk scenarios 

The quantitative parameters resulting from literature and ex- 

erts’ judgement analyses are illustrated in this section. As above 

ecalled, squares are first classified according to their typology and 

orphology configuration, whether they are compact or elongated. 

Given the great variety of shapes, it is worth further simplify- 

ng their geometry features to be included in the analysis, with 

he aim of providing the geometrical description unambiguously 

owards a clear typological characterization. A polygon is defined 

convex” if and only if for any pair of points A and B in P (Poly- 

on) the line segment between A and B lies entirely in P . Else, 

olygons that are not convex are defined “concave” ( Fig. 3 ). After 

 first screening of the database, 43 squares have been excluded 

rom the database for the calculation of the ranges of the parame- 

ers, as they presented peculiar characteristics with respect to their 

orphology. Indeed, concave squares present a high spatial com- 
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Fig. 2. The nine parameters defining the square typologies by merging results of the counting of the relevance of the parameters of Table 1 and of the experts’ judgement. 

Fig. 3. Examples of concave and convex squares and frequency in the Italian sample of cases. 

173 
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Fig. 4. Quantitative description of the identified parameters. 
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lexity, and moreover they can be considered as the sum of convex 

hapes. Thus, according to this geometric assumption, only convex 

quares have been included in the database for the statistical anal- 

sis. This criterion has been adopted for sake of generalizability, 

nd further research could include also concave shapes for further 

evelopments. This choice is also motivated by the results on the 

33 samples: the 32% (43 squares) of Italian squares is concave, 

hile the 68% (90 squares) is convex. 

The parameters described in the methodology section are below 

llustrated with respect to their quantitative evaluation ( Fig. 4 ), by 

rganizing them into relevant classes so as to move towards the ty- 

ological description of the squares among the multi-risks scenar- 

os. They are all either Boolean or ordinal. The range of variability 
174 
f the parameters is calculated solely for ordinal parameters, which 

re thus calibrated on the sample of 90 squares of Italian HBE (see 

ection 4.2 ). Indeed, Boolean parameters could either assume the 

alue of false, i.e., 0 or true, i.e., 1 and thus their range does not

eed to be defined. Ordinal parameters are P1 to P4; Boolean pa- 

ameters instead are P5 to P9 ( Fig. 4 ). 

• P1 - Morphological configuration (ordinal) : it is the ratio be- 

tween the square length (L) and width (w). This ratio provides 

a quantitative value to distinguish the main types of square that 

have been previously identified in qualitative terms [58] . 
• P2 – Dimensions (boolean): it is expressed in terms of max- 

imum height (H max ) of the frontiers and width (w) of the 
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Fig. 5. Permeability (P4): distance from the barycenter of the square to accesses, considering the subtended angle. 

Fig. 6. Geographical location and distribution of the squares in the different areas of Italy (above); and descriptive statistics of the sample (below). 

w

i

w

z

a

shorter side of the square. It means that there is at least one 

building/front that is higher than the shorter side of the square. 
• P3 - Structural type (ordinal) : it is referred to the structural 

arrangement of the built fronts as Structural Aggregates (SA), 

meaning that it is not possible to distinguish separate buildings 

on the front, as they are aggregates with buildings sharing at 

least one side. This structural type characterizes the majority of 

historical urban settlements in the Italian context. 
• P4 – Permeability (ordinal) : it is referred to the “quality” of 

the accesses on the frontiers of the square. The access can 

be described by different parameters that influence the whole 

evacuation process: the total number of accesses, the width of 
s

175 
each access, its position in the square, the distance between ac- 

cesses. Some studies [98] outline that the evacuation time is 

influenced by the exit width (i.e. in case of a single exit), the 

distance between the exits and the distance to the exits (i.e. in 

case of two or more exits). 

For the purpose of the identification of the square typologies, 

e focus on the features providing the morphological character- 

zation of the access system, such as the layout of the accesses 

ith respect to the perimeter of the square. A novel characteri- 

ation of the accesses has been carried out considering the perme- 

bility in geometrical terms ( Fig. 5 ). Given the barycenter of the 

quare, permeability is represented by the sum of the subtended 
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Fig. 7. The calibrated parameters, based on the descriptive statistics of the HBE squares of the sample. 
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ngle ( �αi ) [rad]. It is worth clarifying that the measure of the 

ngle varies depending on the different positions of the accesses: 

P1) accesses with same width (L i ) will have different angle de- 

ending on whether they are set in the middle or in a corner of 

quare’s side; HP2) accesses with same angle will have different 

idth depending on their position on the frontier. Hence, �αi is 

elated: (1) to the variation of L i depending on the overall dimen- 

ion and morphology of the square; and (2) to the maximum de- 

ree of the angle (360 °) thus taking into account all the frontiers. 

The �αi is more adequate to represent the permeability of not 

xtremely elongated elements, as the measurement of the sub- 

ended angles would be more prone to errors. Therefore, for elon- 

ated spaces another coefficient has been tailored, coefficient λ
hich is given by the ratio between the sum of the width of the 

ccesses ( �L i ) [m] and the perimeter (2P) of the square [m]. 

• P5 - Special buildings (Boolean) : it refers to the presence of 

buildings that stand out from the surrounding context and con- 

stitute emerging elements for the specific function or the archi- 

tectural value. 
• P6 – Homogeneity of construction techniques (Boolean) : it 

refers to buildings facing the square that are characterized by 

masonry as prevalent structural type. 
176 
• P7 – Porches (Boolean) : it refers to the presence of porches on 

the OS frontiers, evaluated as 1 if at least one side of the square 

has porches. 
• P8 – Slope (Boolean) : it refers to the presence of a slope over 

8%, which is the maximum slope for paths accessible to every- 

one (while 5% is recommended [99] ), according to Italian regu- 

lations. 
• P9 – Greenery (Boolean) : it refers to the presence of greenery 

(trees, bushes, grass). 

.2. Parameters in the Italian historical urban settlements 

After identifying the quantitative parameters, the calibration of 

he ranges is conducted. To this aim, ordinal parameters have been 

alculated for the sample, and have been arranged in a spreadsheet 

o allow descriptive statistical analysis (see Supplementary materi- 

ls). 

After the above set of parameters is defined, and the database 

uilt, descriptive statistical analyses are conducted on the 90 his- 

orical squares, which are equally distributed among Italian regions 

 Fig. 6 ). 

The descriptive statistics related to the quantitative definition 

f the parameters are reported in Fig. 6 . The percentile distribu- 

ion, the maximum, the mode, the mean and standard deviation 
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Fig. 8. Permutations to achieve the square typologies, as a combination of values of the parameters: 3 × 2 8 = 768. 
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re illustrated, in order to provide useful information on the dis- 

ribution of the considered sample for each parameter. In greater 

etail, the percentile distribution, comprising the 25%, the 50% and 

he 75% allows observing the score under which a percentage of 

he sample falls. E.g., for the 70% of the sample, P1 is lower than

.7. Both the mean and the mode give information about the av- 

rage values: the mean is the arithmetic average of the values for 

ach parameter, while the mode is the most frequent value in the 

ataset for each parameter. Finally, standard deviation is the dis- 

ersion of a set of values: when it is low, it means that the values

n the dataset are close to the mean. 

The mean P1 is equal to 0.55, thus the majority of the squares is 

ectangular-shaped, and the most are comprised between 0.36 and 

.70. With respect to permeability, the mean sum of the subtended 

ngles from the center of the squares to the accesses is 0.63 [rad], 

qual to 36 °, and the majority of the sample is comprised between 
0 ° and 45 °. b

177 
Based on the descriptive statistics, in order to perform an in- 

epth analysis of the ranges and their definitions towards typolo- 

ies definitions, further observations can be made for some param- 

ters. 

In order to calibrate P1 values to quantitatively define the 

hapes of the squares, the sample is further investigated. An 

nalysis of the dimensional ratio ( R = w /L) of the 90 samples of

onvex squares is carried out starting from the ideal shapes of 

uadrangular-based ( R = 1) and rectangular-based ( R = 0.5) square 

ypologies. Then, an intermediate shape class is also included, so 

s to further detail the geometry. The percentile values of P1 from 

he sample squares have been considered, and support the defi- 

ition of three categories pertaining to P1. Such shapes are: (a) 

he compact shape, close to a quadrangle, with a P1 comprised 

etween 0.7 and 1 (respectively the 75th and 99th percentiles); 

b) the elongated shape, which is rectangular, with P1 comprised 

etween 0.36 and 0.7 (respectively the 25th and 75th percentile); 
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Fig. 9. Square typologies representation for disclosing each parameter. 
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nd (c) the very elongated shape, with P1 lower than 0.36, which 

orresponds to the 25th percentile. 

P3, after evaluating that almost all the squares of the sample 

ave all the 4 sides composed by continuous frontiers, and that 

he percentiles all corresponds to 4, is transformed into a Boolean 

arameter: when not all fronts are continuous P3 = no/0, when all 

he fronts of the square are continuous, P3 = yes/1. 

Finally, with respect to P4, both �αi and λ are considered: in 

his case, two categories are made, for sake of simplification, where 

he median (also corresponding to the 50th percentile) define the 

oundary between the two categories. Therefore, as from Fig. 6 , 

ategory (h) corresponds to higher level of permeability, with �αi 

 34 °; λ> 0.11; and (i) corresponds to lower permeability, with 

αi ≤ 34 °; λ ≤ 0.11. 

Thus, the calibrated parameters are displayed in Fig. 7 accord- 

ng to this experimental-based classification on the assessed Italian 

ample. 

.3. Square typologies definition and discussions 

The methodology succeeds in identifying parameters that are 

uitable to describe the case-study context, for supporting the def- 

nition of square typologies, by combining the ranges and values 

or each parameter. The definition of each square typology can be 

omposed starting from one of the three possible morphological 

onfigurations of P1 (compact (a), elongated (b) and very elongated 

c) shape), and successively applying P2 two options (d, e), P3 two 

ptions (f, g) and so on until P9 (t,u) ( Fig. 8 ). Indeed, the parame-

ers were ordered, from P1 to P9, with respect to scale, first defin- 

ng the more general aspects of the squares and then those re- 

ated to smaller scale and content features. Thus, we obtain the 

ombinations of parameters that allow identifying the typology of 

he square. The total number of typologies obtained in this man- 

er by permutation is 768, which are able to identify peculiar fea- 

ures of the squares that are relevant for multi-risk evaluation and 

re composed by the 9 quantitative parameters. The so-defined ty- 

ologies thus aid in the comprehension of the HBE, as an expe- 

itious support to evaluate vulnerability and exposure to multi- 

isks ( Fig. 9 ). Indeed, the huge amount of remotely-acquired dig- 

tal data to be traditionally processed for defining the vulnerability 

o multi-risks of HBE squares is significantly reduced. Given the 

ase-study context and the consideration of the relevant parame- 
178
ers, such squares typologies are specifically indicated for identify- 

ng their a-priori intrinsic performance towards multi-risk scenar- 

os in the HBE. 

In order to test the above defined square typologies and pa- 

ameters, four squares are randomly selected among historical 

talian urban settlements and classified with respect to typolo- 

ies. Piazza Vittorio Emanuele II (Caldarola), Piazza San Francesco 

San Gemini), Piazza del Popolo (San Giovanni in Persiceto) and 

.zza della Repubblica (Novara) are assessed with respect to the 

ine parameters ( Fig. 10 ). Each one of the cases correspond to 

ne square typology: e.g., Caldarola is the square typology (ST) 

haracterized by the following combination of parameters’ options 

T Caldarola = b + d + g + h + l + n + p + r + u . 

The implications of the definition of square typologies, based on 

hese parameters, are relevant for many purposes. 

Indeed, they facilitate the potential representation of squares 

f the HBE by means of BIM-based models, towards digitalization 

nd exploitation of information technologies for the conservation 

nd safeguarding of the built cultural heritage. BIM-based models 

ould support the comprehension of the multi-risk performance of 

quare typologies. Indeed, the informative aspects of BIM could aid 

owards the automation of the calculation and storage of multi- 

isks analysis, thus highlighting the direct connection between the 

BE characteristics and the corresponding risks. This automated 

rocess would shorten the computational and representation bur- 

en of assessing the sensitivity to multi-risk for a specific square, 

hus allowing a precise but yet expeditious quantification of multi- 

isks, which could consequently lead to identify the most sensi- 

ive characteristics of the square to risks and consequently prior- 

tize certain mitigation interventions according to the findings of 

he analyses. To achieve such a result, the first step is to study and 

evelop a method for the square typologies representation in BIM- 

ased models, able to describe properly buildings, infrastructures, 

nd open spaces characteristics related to multi-risk performance. 

oreover, considering specific case studies representing square ty- 

ologies, the complexity and the variety of geometries and features 

f existing built cultural heritage raise the issue of their represen- 

ation, both in terms of geometric model and information details. 

herefore, it is necessary to plan a tailored workflow from the inte- 

rated survey and data acquisition phase to the modeling and im- 

lementation phase, able to represent the peculiarity of the multi- 

isk scenario required. 
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Fig. 10. Testing square typologies in the Italian context. 
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. Conclusions 

In this article, squares of historical urban settlements in the 

editerranean area are considered towards the definition of the 

elevant parameters, as well as their classes and ranges, towards 

he identification of square typologies for expeditious multi-risks 

ssessment. Morpho-typological characteristics influencing risks 

e.g., SUODs and SLODs) response are first generally analyzed 

ased on literature analysis and experts’ judgement, and then ap- 

lied and verified to a significant and relevant case study, i.e., the 

talian context. 

Nine parameters are identified, each of them with a 

uantitatively-defined range of options and possible values, which 

re calibrated on the case-study context. Results show that the set 

f parameters and their combination in square typologies could 

e employed for an expeditious characterization of resilience to 

ulti-risks of squares in the HBE, thus responding to the research 

uestion we posed. 

The definition of such parameters could be convenient as a pre- 

iminary phase to provide representative BIM models for the suc- 

essive risk-related typological analysis of the Italian squares. In- 

eed, the opportunity to use the BIM-based models to represent 

he squares typologies as well as to collect the information for 

heir classification in a multi-risk perspective could be explored 

n future development of the research. In this view, this study 

aves the way for following works dealing with the meso–scale 

f the HBEs, which requires specific considerations to allow for the 
179 
chematization of complex geometries and risk-related characteris- 

ics in BIM-based models. 

Moreover, the assessment of the multi-risk parameters, which 

acilitates the definition of the performance of the square ty- 

ologies to multi-risks, support the conservation of the built cul- 

ural heritage that is hosted in or constitutes the frontier of the 

quare, as well as its safe fruition and sharing with the civil so- 

iety. Indeed, HBEs are also characterized by significant exposure 

evel, in terms of human lives, due to their attractiveness with 

espect to tourists. Tourists are assumed to generally be not fa- 

iliar with the specific HBE they are visiting, both considering 

ayout and site-specific emergency plan and procedures, and then 

heir associated risk is much higher than the one of residents and 

requent visitors (e.g. daily users), as demonstrated by previous 

esearch [ 11 , 100 , 101 ]. Thus, promoting the adoption of the param-

ters towards the expeditious assessment of square typologies per- 

ormance to multi-risks would aid in: (1) the rapid comprehension 

f possible conditions influencing risks in the HBEs; and therefore 

2) the adoption of effective risk-mitigation strategies (including 

hose focused on emergency management rather than on interven- 

ions on buildings). The presented method can be applicable to all 

he HBEs in the historic city centers, since the parameters could 

e used (or even adapted) to face risk-related morpho-typological 

ssues for the desired application scenario. However, the current 

ork demonstrates the effectiveness of the method on a relevant 

ase-study database, which is limited to the Italian context. Future 

esearch could enlarge the sample dimension of the squares, as 
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ell as apply the method and test the parameters in other contexts 

nd different HBEs (e.g. streets in the historic city center rather 

han squares), to further expand their representativeness. 

The research is relevant for policymakers and urban planners, 

s it facilitates the preliminary analyses of the squares, as nodal 

omponents of the HBE in urban areas, towards improved re- 

ilience to multi-risk scenarios by means of the identification of 

quare typologies. Indeed, these analyses require in-depth and 

ime-consuming investigations especially in the HBE. Moreover, 

his work is relevant also for researchers in the field of urban re- 

ilience, which could contribute to further studying square typolo- 

ies, in different geographical locations and contexts, and could 

tart from the proposed parameters and typologies to perform 

ulti-risk scenarios simulations. Finally, the identification of ty- 

ologies of the HBE that are more prone to specific risks also facil- 

tates macro-scale and micro-scale analyses, as a further benefit of 

he present work. Indeed, meso–scale results can dialog both with 

he macro-scale, e.g., by considering the vulnerability to multi-risks 

f a combination of close-by squares; or either with the micro- 

cale, e.g., by using it as a base for more detailed simulations and 

ssessments on specific critical elements. 
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