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Abstract
The notion of “spatial vulnerability” is present in most disaster studies with a strong geographical connotation and accord-
ingly is adopted at all scales, including the urban. While enabling mapping and visualizing risk patterns at macroscales, this 
geocentric foundation fails to capture disaster risk dynamics associated with the urban spatial network—an element that 
plays a significant role in the everyday and emergency functioning of cities, enabling users’ movement and interaction. Yet, 
urban vulnerability assessment overlooks this aspect and thus leaves urban disaster risk mechanisms partially unexplored. 
This study investigated the role of the network of urban public open spaces (UPOS) in the creation and progression of urban 
disaster risk in earthquake-prone settlements. Through a multimethod approach that integrates quantitative and qualitative 
methods and explores spatial configuration, planning policies, and practices of use of UPOS in everyday and emergency sce-
narios, our study demonstrated that UPOS configuration plays an active role in urban disaster risk. Urban public open spaces 
impact risk by influencing the exposure of pedestrians and their capacity for self-protection. The study further reconceptual-
ized spatial vulnerability at the urban scale, as the fraction of vulnerability associated to the spatial network, highlighting 
the interplay of planning policies and spatial practices in its production and progression. Our findings make the notion of 
spatial vulnerability less ambiguous at the urban scale, by viewing the variable as an imbalance in capacities and exposure 
that generates spatially unsafe conditions. This refined conceptualization of spatial vulnerability becomes a lens for a more 
granular approach to urban disaster risk reduction and city planning by identifying and integrating sociospatial considerations.
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1 Introduction

The images captured in earthquake aftermaths and display-
ing evacuees converging into, and navigating, debris-filled 
streets show that, when disasters strike, the urban spatial 
network is both a critical infrastructure enabling evacuation, 
and a possibly hazardous element endangering its occupants. 
However, the spatial aspect of urban disaster risk is seldom 
investigated, with studies prevalently focusing on the distri-
bution of risk across space, rather than the risk generated by, 
and descending from, it. This study aimed at better under-
standing the role of space in urban vulnerability studies and 

broadening the appreciation of disaster risk mechanisms at 
the urban scale. It does so by presenting novel evidence from 
research on urban form and disaster risk that redefines the 
notion of spatial vulnerability in urban contexts. The study 
overcomes the inherent limitations of the geocentric spatial 
vulnerability assessments at the urban scale (Cutter et al. 
2000) by adopting a configurational approach informed by 
urban morphology and space syntax knowledge.

Space syntax theory argues that space through its spa-
tial configuration—intended as the simultaneously exist-
ing relations among the parts that make up the whole 
spatial network (Hillier and Vaughan 2007)—is an active 
formative entity of, and not just a background to, social 
organization (Hillier and Hanson 1984). Since the 1970s, 
space syntax research has been developing theoretical 
concepts and analytical-mathematical tools for the study 
of spatial configurations. This study looked at spatial 
vulnerability at the urban scale as a combined effect of 
spatial configuration, land use, and management of the 

www.ijdrs.com
www.springer.com/13753

 * Monia Del Pinto 
 m.del-pinto@lboro.ac.uk

1 School of Architecture, Building and Civil Engineering, 
Loughborough University, Loughborough LE11 3TU, UK

2 School of Business, University of Leicester, 
Leicester LE1 7RH, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s13753-024-00554-w&domain=pdf
www.ijdrs.com
www.springer.com/13753


 Del Pinto et al. Reimagining the Notion of Spatial Vulnerability at the Urban Scale

urban fabric, associated with reduced performances of 
the urban spatial network in an emergency, thus making 
the whole urban system more sensitive to the impact of 
specific hazards.

The urban spatial network is a functional element in 
cities (Hillier and Hanson 1984; Hillier 2005). A growing 
number of studies has explored its potential in disasters 
as infrastructure serving the emergency and post-disaster 
decision making (Marin Maureira and Karimi 2017; Pez-
zica et al. 2019; Giuliani et al. 2020) with urban mor-
phology tools increasingly informing planning practice 
(Palaiologou et al. 2021). Yet, little to no attention has 
been paid to the study of the role of the network as an 
active element in the (re)production of urban disaster risk.

Considering this gap, this research was conducted to 
investigate the role of the network of urban public open 
spaces (UPOS) in the creation and progression of urban 
disaster risk in earthquake-prone urban areas. The study 
was articulated as a multi-dimensional investigation of 
spatial configuration, planning policies, and practices of 
using the UPOS system in the everyday and emergency, 
in four locations affected by the 2016–2017 Central Italy 
Earthquakes, to collect evidence of configurational per-
formances and reimagining spatial vulnerability at the 
urban scale. The reconceptualization of spatial-configu-
rational vulnerability has required two consecutive stages. 
First, demonstration of the disaster risk potential of the 
urban spatial network, achieved through configurational 
analysis and the expression of disaster risk variables 
through selected space syntax measures. Second, under-
standing of contextual and systemic mechanisms behind 
production and replication of spatial disaster risk at the 
urban scale, achieved through qualitative analysis of plan-
ning policies and spatial practices. This article presents 
the research after discussing the implications of the cur-
rent, geocentric definition of spatial vulnerability in dis-
aster studies, and illustrating its limitations when applied 
at the urban scale.

2  Vulnerability Conceptualization in Spatial 
Terms

In disaster risk terminology, the concept of “spatial vul-
nerability” is present with a strong geographical connota-
tion, and is accordingly adopted at all scales, from ter-
ritorial to urban. While enabling mapping and visualizing 
risk patterns at macroscales, the approach overlooks the 
microscale of users’ experience and fails to capture disas-
ter risk potential linked to the experienced space in cities, 
consequently affecting the understanding of the associated 
disaster risk dynamics.

2.1  Geospace in Disaster Studies

Space features in disaster studies as geospace, having the 
threefold connotations of location (topos), spatial relations 
(choros), and topology (geos), and serving the purpose to 
locate, map out, and measure, physical features of a territory 
and the associated properties (Smirnov 2016). Associated 
to the notion of “place” used to express a specific locality 
and unit of analysis, geospace has provided the default lens 
used in disaster studies to spatially understand, quantify, and 
analyze risk and its variability between different locations. 
This has enabled the development of models such as Haz-
ardousness of Place (Hewitt and Burton 1971), Hazard of 
Place (Cutter and Solecki 1989), and Vulnerability of Places 
(Cutter et al. 2000) and informed extensive research that, in 
five decades of contemporary disaster studies, has produced 
spatial representations of hazard and vulnerability, including 
exposure, risk, and the associated indicators.

Because of the geodriven approach, the associated notion 
of “spatial vulnerability” retains a strongly quantitative con-
notation, enabling the mapping out of geographical patterns 
of risk and visualizing, quantifying, and analyzing their vari-
ations across space in the studied territories (Aubrecht et al. 
2012; Roy and Blasche 2015). The mapped information, in 
turn, provides the starting point for more context-specific 
investigations into dynamics of vulnerabilization across 
the studied areas. The trade-offs of the geocentric approach 
emerge as limitations to a fine-grained investigation of urban 
disaster risk dynamics, showing the epistemological issues 
influencing the understanding and conceptualization of 
space.

2.2  Issues in Disaster Studies: Spatial Vulnerability 
and the Scale Problem

Spatial vulnerability in this quantitative geographic con-
notation is functional to displaying how risk variables are 
distributed on a territory, region, or city, and has supported 
the understanding of disaster risk dynamics across time and 
space.

2.2.1  Origins of the Concept

The established notion of spatial vulnerability is rooted in 
Cutter and Solecki’s (1989) studies for the Hazard of Place 
(HOP) model, building upon Hewitt and Burton’s (1971) 
Hazardousness of Place model and adopted to analyze 
and map the hazard parameters on the regions affected by 
airborne toxic release. In further revisitations of the HOP 
model, social, politic, and economic sources of vulnerabil-
ity were outlined having explicit spatial outcomes—that 
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is, outcomes manifesting in, and distributed across, space 
(Cutter and Solecki 1989). The study assumed GIS-assisted 
spatial analysis as a necessary method of investigation, con-
solidating the cartographic approach centered in quantitative 
geography that is now extensively present in disaster litera-
ture. The HOP model introduced the vulnerability assess-
ment in spatial terms by looking at its spatial dimensions 
and spatial variability (Cutter et al. 2000), with maps show-
ing that the distribution of different vulnerabilities (social, 
biophysical) on a territory would not necessarily overlap. 
By rendering the nuanced and multi-layered risk profile of 
places, the HOP model became an effective diagnostic tool 
for multi-hazard assessment at territorial scale, consolidat-
ing the geographic approach to vulnerability from a spa-
tial perspective. As expressed in Cutter’s words: “Physical 
hazard exposure and social susceptibility to hazards must 
be understood within a geographic framework, that is, the 
hazardousness of a specific place. This uniquely geographi-
cal concept considers the threat from all hazards in a given 
place and provides the opportunity to mitigate several haz-
ards concurrently. By harnessing geographic innovations 
such as GIS, we have the ability to investigate the spatial 
nature of multiple hazards and the specific subpopulations 
that are differentially affected” (Cutter et al. 2000, p. 731).

The evaluation of vulnerability in spatial terms adopt-
ing cartographic methods and quantitative geography serves 
large-scale assessments with large areas of units but is not 
equally effective and applicable at smaller scales, such as 
the urban, which would require a more granular approach 
(Cutter et al. 2000). Conscious of the scale limitation, Cut-
ter et al. (2000) expressed the need for additional research 
on spatial vulnerability of urban areas to be performed with 
reduced units of analysis—that is, micro-mapping. This ref-
erence to spatial vulnerability used for both territories and 
cities, without discriminating between the two dimensions, 
informed one school of thought in disaster studies, which 
indeed retained a vague differentiation between the macro- 
and microscale, and, consequently, the inexact understand-
ing of disaster risk dynamics in urban contexts.

2.2.2  Influences

In disaster studies, references to spatial vulnerability are fre-
quent in large-scale multi-hazard assessments in relation to 
local exposure, sensitivity, and capacity, mapped over time 
within a given region (Rashed and Weeks 2003; Simpson 
and Human 2008; Fang et al. 2016). Among recent exam-
ples are works assessing the geography of poverty, studies 
mapping out and visualizing the distribution of indicators of 
social vulnerability across different regions (Contreras et al. 
2011; Fekete 2012; Frigerio and De Amicis 2016; Frigerio 
et al. 2016; Carnelli and Frigerio 2017) and defining the 
hazard profile of a territory to inform urban and regional 

planning (Li et al. 2016; Bevacqua et al. 2018). Large-scale, 
multi-hazard social vulnerability assessments map out spa-
tial patterns of risk areas informing operational assessment 
tools (De Sherbinin 2014; Raduszynski and Numada 2023).

Even when mobilized at the urban scale, the notion of 
spatial vulnerability retains this geographic connotation and 
either refers to location and width of hazard-exposed areas in 
urban or peri-urban context (Sritart et al. 2020), or it is used 
to express local and global impact of a specific disruption 
on a spatial network (Hu et al. 2019). Hazardous conditions 
in cities are generally mapped by means of spatial vulner-
ability indicators (Contreras et al. 2011, 2017), consisting of 
variables exogenous to the spatial network and distributed 
across space rather than endogenous and descending from it. 
While performing the urban micro-mapping recommended 
by Cutter et al. (2000) these studies fail to engage with the 
backbone, and mutated concept, of space in cities—that is, 
the urban spatial network intended as active configurational 
component, influencing the functioning of the physical and 
social city (Hillier and Vaughan 2007). The existing stud-
ies mobilizing the concept of spatial vulnerability at the 
urban scale are not looking at space per se, but are using it 
as an ancillary entity, either the canvas upon which to pro-
ject and visualize other variables, or as a passive element 
that is affected by, but not actively generating, hazardous 
conditions.

Outside the domain of disaster studies, attempts at 
approaching spatial vulnerability from a socio-spatial per-
spective mobilize critical spatial theory and urban geogra-
phy, to reflect on the dynamics of creating consumers’ vul-
nerability within social space (Saatcioglu and Corus 2016). 
Although rooted in marketing and apparently removed from 
the disaster risk reduction (DRR) remit, the study outlines 
some of the links between public space, users’ agency, and 
variations in “socio-spatial disadvantages” (Saatcioglu and 
Corus 2016) that highlight the links between power, socio-
cultural, and economic values, and production and use of 
space in cities.

3  Issues in Epistemologies: Fallacies 
in the Discourse on Space

The geoconnotation of spatial vulnerability is underpinned 
by, and contributes to consolidating and reproducing, a nar-
row understanding of space and its relational properties 
(Heesen et al. 2014; Bergmann 2016). This, in turn, under-
mines the understanding and interpretation of dynamics of 
risk and vulnerability associated to space at the urban scale. 
The narrow understanding of space is rooted in the deeper 
question of its definition and representation, anchored to 
broad, vague, or imprecise meanings (Thrift 2006) and com-
mon to the domains of both physical and social sciences. In 
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fact, “The definition of space was caught up in the dialogue 
between natural and human sciences. That was one of the 
encounters through which space became sedimented into a 
particular chain of meanings” (Massey 2005, p. 31).

The currently adopted concepts of space a-critically 
reflect these established meanings, acquired through com-
monly accepted positions rooted in epistemological falla-
cies: space as opposed and subordinated to time, space as 
a geometric entity, the physical space of experience sepa-
rated from the abstract space of the mind, space as a back-
ground to human activity (Lefebvre 1991; Massey 2005). 
The neglect of spaces’ inherent features—namely, its being 
relational (product and generator of interrelations), in its 
containing heterogeneity, and its being dynamic, always 
under construction, never finished (becoming)—spreads 
beyond geography, impacting other disciplines that deal with 
the spatial dimension.

An example, observable from philosophy to architecture, 
is the misunderstanding of, and antagonism between, the 
dimensions of intellectual space and lived or intuitive space. 
In his critical reading of Levi Strauss’ approach to culture, 
Fabian (2014) argued that the philosopher built the argument 
on space and time that favors misinterpretation: he initially 
presented space of experience and social interaction, then 
reduced it to a taxonomic space, the tabula where to plot 
“any and all cultural isolates”—in fact, a map. Following 
this misconstruction, the experienced space is confused with 
its representation due to a combination of omissions and 
assumptions that consolidate its conceptualization, bounc-
ing between philosophy (Fabian 2014), social theory (Mas-
sey 2005), and urban theory (Lefebvre 1991). The result-
ing ambiguity impacts the imagination of that space and 
the disciplines building upon it. The established notion of 
spatial vulnerability as a map of vulnerabilities is a clear 
example of this operation, showing how the inexact con-
ceptualization of urban space has trickled down into cog-
nate disciplines in physical geography and social sciences, 
being then persistently replicated. In architectural and urban 
design, consequences of this overlap manifest in the conflict 
between the abstract space intellectualized by the designer-
planner against the experienced space of the users—pedes-
trians (Hillier 2008) also expressed as the “authored” space 
of superimposed planning versus the “authorless” space of 
urban informality (Psarra 2018).

4  Issues at the Urban Scale: The Lack 
of a Configurational Perspective

The geoconnotation of spatial vulnerability assumes space 
as canvas for the cartographer, playing no active role for 
disaster risk: disaster risk variables change in/across space 
but not due to/because of space. This assumption works at 

the macrolevel, where cities can be treated as homogenous 
spatial units from a territorial perspective (Lees 2002). 
To understand spatial vulnerability at the urban scale, a 
more granular approach, compared to the geocentric one, 
is needed; one that accounts for the network of UPOS—
that is, all publicly accessible pedestrianized streets and 
squares—and its fundamental function as relational space 
of human interaction (Hillier 1986, 2005; Harvey 1988; 
Lefebvre 1991; Massey 2005). The non-quantitative notion 
of urban scale herein adopted builds upon Hiller’s socio-
spatial characterization of “urban” (1989) and is applied to 
all built-up areas showing a spatial culture, that is, a dis-
tinct way of ordering space, so as to “produce and repro-
duce social relations” (Hillier 1989, p. 6). In contemporary 
city planning, the production and organization of space, 
intended as material environment (Simonsen 1996), is 
operated through land partition and zoning and driven by 
real estate values. Hence, space production becomes both 
a manifestation and an exercise of power (and interests), 
carrying different values and relevance (Lefebvre 1991; 
Saatcioglu and Corus 2016; Buckhardt et al. 2019). The 
absence of socio-spatial sensitivity in planning emerges 
among the consequences of the approach to urban plan-
ning consolidated by the 4th International Congresses of 
Modern Architecture (CIAM) in 1933, informed by func-
tionalist principles, disproportionately centered on dwell-
ing (that is, the physical city), and devoid of the sociologi-
cal intentions that the modern movement promoted in its 
theory (Gold 1998; Mumford 2019). Consequently, the 
network of UPOS is shaped and dimensioned based on 
quantitative standards, prevalently subordinated to build-
able spaces, and often treated as a residual element. Emer-
gency planning has replicated both in content and structure 
the flaws of everyday planning, contemplating space only 
as provision of “square meters per capita” when defining 
size and distribution of gathering areas and muster points 
for evacuation, or as a selection of routes connecting criti-
cal infrastructures. Once again, the widespread spatial net-
work, and its effects, are disregarded.

The a-spatial approach of urban and emergency plan-
ning has practical implications for urban disaster risk 
assessment and mitigation, starting from urban vulnera-
bility assessment, where the threefold separation between 
physical, social, and spatial dimension of cities is not rep-
licated. So, if physical vulnerability at the urban scale is 
the fragility descending from buildings and artifacts, and 
social vulnerability derives from the activities of everyday 
urban life and transformations (Hewitt 1997), no spatial 
counterpart is currently considered that informs about the 
rate of vulnerability associated to the urban spatial net-
work and endangering its occupants. This is problematic in 
the case of specific hazards, such as earthquakes, because 
overlooking the spatial network means failing to notice the 
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first informal infrastructure activated in the emergency and 
used, simultaneously, by all citizens.

A shift is needed, that moves from looking into the “spatial 
distribution of vulnerability” to considering “distribution of 
spatial vulnerability” when the scale of the inquiry changes. 
This would require moving away from the consolidated geo-
centered approach. Instead, first adopt a configurational per-
spective that considers the simultaneously existing relations 
between points in the spatial system, influencing the city’s 
functioning (Hillier et al. 1993; Vaughan et al. 2005). Second, 
define how the spatial network influences variation of exposure 
and capacity, hence vulnerability creation (Watts and Bohle 
1993; Bohle 2001). The concept of space as a functional ele-
ment in cities is explored in the internalist studies in urban 
morphology (Gauthier and Gilliland 2005) that consider the 
intrinsic relational nature of the urban spatial network and its 
role in the functioning of the urban systems.

Space syntax—the active role of space in cities: Space syn-
tax argues that urban space should be understood as a spatial 
system whose network of public spaces (streets, squares, parks, 
and so on) is made up of destinations and passing through 
routes (Hillier and Hanson 1984; Hillier 2006; Hillier and 
Vaughan 2007). It then suggests that the mathematical quali-
ties of that network, expressing how accessible and well con-
nected these destinations and passing through routes are, 
account for the probability of users (that is, pedestrians) visit-
ing/using certain parts of the network more than others—all 
other decision-making variables being equal (that is, not con-
sidering individual preferences/intentions such as wanting to 
avoid crowds, take a sheltered route, looking for a niche shop, 
and so on) (Hillier et al. 1993). Namely, space syntax suggests 
and has proven through empirical research that movement pat-
terns, and by extension human encounter, have a fundamental 
connection to the way urban space, specifically the street net-
work, is configured (Hillier et al. 1993). Moreover, the alloca-
tion of land uses—particularly, commercial/retail uses—has 
been found to relate to the spatial configuration, whereby well-
integrated in the network streets are found to be occupied by 
public-facing uses (Hillier 1996). It follows that when spatial 
configuration is not accounted for in planning and decision 
making, spatial layouts designed to perform specific functions 
might fail to do so, predisposing to crime, social injustice, 
and social vulnerability (Hillier 1986; Vaughan et al. 2005; 
Vaughan and Geddes 2009)—up to disaster risk (Cutini 2013; 
Marin Maureira and Karimi 2017; Giuliani et al. 2020).

5  Urban Form and Disaster Risk

Departing from the spatial vulnerability gap at the urban 
scale, a study on urban form and disaster risk was conducted 
focusing on the spatial network’s role in urban disaster risk 
dynamics.

5.1  Recontextualization of Knowledge

By adopting a critical realist ontology, this study reframed 
the understanding of space through the lens of risk, by 
combining social and spatial theories, questioning exist-
ing interpretations and reviewing the enforced paradigms 
in urban and disaster studies (Næss 2015; Danermark 2019; 
Albris et al. 2020). The critical realist ontology supported a 
multimethod approach encompassing (1) thematic analysis 
of planning policies and spatial practices (qualitative); (2) 
spatial analysis of the urban spatial network (quantitative); 
(3) translation of selected spatial properties into relevant dis-
aster variables of the broadened Disaster Risk Mnemonics 
DR = H × [(V/C) − M], with H = Hazard (and exposure to 
secondary hazard), V = Vulnerability, C = Individual capac-
ity of self‐protection, M = External protection provided by 
the state (Wisner et al. 2011) (recontextualization); and (4) 
interpretation of results through the vulnerability framework 
using the Pressure and Release model (Blaikie et al. 1994). 
This strategy enabled connecting spatial components of cit-
ies to specific outcomes in disaster contexts, producing evi-
dence-based knowledge redefining the established notions of 
disaster risk variables at the urban scale—namely, exposure 
and capacity of self-protection, and, through their interplay, 
vulnerability (Watts and Bohle 1993; Bohle 2001). In line 
with the interpretive approach, space syntax theory and 
methods were used for their hermeneutic and explanatory 
potential (Griffiths 2012).

5.2  Methodology Overview

This study adopted a mixed-method approach to multiple 
case studies, in a multi-dimensional investigation examin-
ing planning, use, and configuration of the spatial network 
of earthquake-prone settlements, in the everyday and emer-
gency scenarios (Fig. 1). Data collection methods included 
desk-based research and six weeks of fieldwork in the case 
study locations between April and May 2019, to perform 
interviews and retrieve documents and maps not available 
online. Data preparation encompassed spatial modeling of 
segment maps in the ArcGIS environment, and transcription 
of interview recordings. Data analysis encompassed spatial 
analysis of the refined maps, and thematic analysis of policy 
documents and interviews. The broadened disaster risk mne-
monic (Wisner et al. 2011) was used to define spatial disaster 
risk variables from configurational measures in spatial anal-
ysis, whereas results were interpreted through the Pressure 
and Release (PAR) model (Blaikie et al. 1994) (Fig. 1). The 
limitations associated to the PAR model’s breadth in time—
specifically, the drop of evidence for causal connection 
between consecutive stages of analysis—were mitigated by 
narrowing the timeframe of the study and designing an ana-
lytic strategy supporting explanation building. The analysis 
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focused on the period 1942–2019 to trace influences on spa-
tial planning of the processes prompted by the 1942 Italian 
Planning Law, which aligned the Italian town planning to 
supranational trends in spatial planning, land partition, and 
governance (Piccinato 2010). The analytic strategy, inte-
grating pattern matching and logic model (Fig. 2) enabled 
to trace cause-effect-cause-effect patterns and populate the 
PAR. The goal was not to prove causality but to unfold the 
implicit connections between planning policies, urban form 

features, formal and informal spatial practices, and vulner-
ability manifestations in spatial terms.

5.3  Research Design: Case Study

Four case study locations were selected, one from each 
region hit by the 2016–2017 Central Italy Earthquakes, 
defining a single-hazard and multi-location scenario. The 
investigation was treated as a multiple, embedded case study, 

Fig. 1  Overview of the multidimensional investigation performed in the study towards spatial vulnerability reconceptualization. UPOS urban 
public open spaces, PAR pressure and release model

Fig. 2  Analytic framework designed for the case study analysis towards the reconceptualization of spatial vulnerability. ASA angular segment 
analysis, VGA visibility graph analysis. Source Author elaboration on Yin (2014)



International Journal of Disaster Risk Science

with each case presenting multiple units of analysis (Yin 
2014) namely planned, used, and configured space (Fig. 1). 
Based on criteria of relevance, layout features, and data 
availability, the selected locations were Amatrice (Lazio 
Region) epicenter of the first mainshock of 24 August 2016; 
Visso (Marche Region) and Norcia (Umbria Region) respec-
tively epicenters of the consecutive shocks of 26 and 30 
October 2016, and Campotosto (Abruzzo Region) in the epi-
center of the fourth shock of 17 January 2017. The analytic 
framework ideated for the study integrated the strategies of 
pattern matching and logic model to build explanation of the 
studied phenomenon (Fig. 2). Spatial and thematic analyses 
were performed in parallel, although with alternate predomi-
nance, mutually informing their intermediate outcomes—in 
line with the iterative character of the analytic framework.

5.4  Data Collection

The desk-based research retrieved online policy documents 
and archival records from Italian/EU institutional websites 
(municipalities, regional and central governments, civil 
protection, European Union, Eurostat, and Istat), and the 
raw data for spatial analysis, including damage maps of the 
building stock in the four settlements produced by munici-
palities and fire brigades, and Road Centre Lines (RCL) of 
the urban networks extracted from OpenStreetMap (OSM) 
using OSMnx Python package (Boeing 2017). The fieldwork 
was used to gather the cartographic data and documents not 

available online (such as Municipal Civil Protection Plans) 
and perform field surveys (Fig. 3) and semistructured inter-
views, in Italian, with local participants recruited with the 
support of local gatekeepers. Interviewees were selected 
based on their active role in planning and emergency opera-
tions before and during the 2016–2017 earthquakes, to 
inform about planning, management, and use of UPOS in 
everyday and emergency. The pool consisted of local civil 
protection volunteers, regional civil protection coordinators, 
firefighters from within and outside the regions, local plan-
ning officers, local councillors and mayors—later organized 
into the macro-categories of policymakers, rescuers, and 
technicians. Interview questions received ethical approval 
from Loughborough University with Risk Assessment no. 
DT8190.

5.5  Data Analysis

Thematic analysis was performed on a total of 69 policy 
and planning documents released between 1945 and 2019, 
and 24 interviews. To minimize information loss intrinsic 
in translation (Edwards-Jones 2014), all documents and 
interviews were analyzed in the original language (Italian). 
The analysis adopted a hybrid coding framework, combining 
inductive and deductive approaches (Braun and Clarke 2006; 
Braun et al. 2012). The clusters of strong themes (urban 
form, use, planning, risk, heritage, attitudes) and associated 
subthemes defined cross-case recurring patterns, which 

Fig. 3  Aerial view and street view composition of Campotosto, case study from the Abruzzo Region and epicenter of the 17 January 2017 earth-
quake. Image sources Author elaboration on Google Street View; aerial view courtesy of Norcia Fire Brigades
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shaped the understanding of emerging processes and the 
interplay of policymaking, planning, and spatial practices 
behind urban disaster risk creation in the studied locations.

Spatial analysis involved using tools and methods 
grounded in space syntax theory, to enable an understanding 
of space as a network. The analysis adopted a novel work-
flow developed for the study, integrating DepthmapX for 
configurational analysis and ArcGIS for data preparation, 
modeling, and visualization (Fig. 4). Specifically, ArcGIS 
was used to map information embedded in the building 
stock (land use, damage, debris obstructions) and to associ-
ate them to selected configurational measures to perform 
the spatialization of disaster risk variables. DepthmapX was 
used to perform angular segment analysis (ASA) (Turner 
2001) and visibility graph analysis (VGA) (Turner et al. 
2001) on the spatial network. In ASA, the limitation linked 
to manually drawn axial maps, potentially influencing repli-
cability, was overcome by adopting simplified Road Centre 
Lines (RCLs) maps extracted by OpenStreetMap (Turner 
2007; Krenz 2017). Spatial analysis stages were as follows:

• The ASA on Road Centre Lines (RCLs) (Turner 2007), 
to study pedestrian movement in the network. Selected 
measures for movement potential of street segments, 
in combination with land use and damage information 
along the street fronts, enabled defining Spatial Haz-
ard and then develop indicators for Spatial Exposure in 
space (Del Pinto et al. 2021). These were high movement 
potential indicating overcrowding (CIC), highly damaged 
front length/street segment length ratio (HD/SL), and 
presence of obstructions along a street segment (OBS).

• The VGA on the uninterrupted spatial network, to study 
visual accessibility and visual permeability. The VGA 
measures for intervisibility relations between points in 

the network enabled defining indicators for Capacity of 
Self-Protection in space—namely, routes’ proximity to 
catchment areas, and stability of visual fields and visual 
dominance along routes (Del Pinto et al. 2021).

Fluctuations of indicators were associated with variations 
in spatial unsafe conditions—that is, safety of pedestrians in 
the spatial network.

5.6  Overview of Results

To visualize the spatial vulnerability progression over time, 
a spatial Pressure and Release model was compiled, with 
results informing about Root Causes, Dynamic Pressures, 
and Unsafe Conditions. Results of spatial analysis informed 
the Spatial Unsafe Conditions generated by and insisting 
on the spatial network, and endangering pedestrians’ safety. 
Spatial Exposure (SE) and Capacity of Self-Protection (CSP) 
in space were assessed and visualized along the informal 
evacuation routes used in the aftermath of the mainshocks 
(Fig. 5), as reported in interviews. In assessing SE, indica-
tors were expressed in three formats: tables with the numeri-
cal values of indicators per street segment, radar charts with 
the normalized values for global route assessment, and maps 
with color-coded visualization of street segments along the 
routes. In assessing CSP, indicators were expressed in two 
formats: maps with color-coded visualization of simplified 
VGA results along the routes, and a summary table to evalu-
ate the combination of routes’ proximity to catchment areas, 
visual stability, and visual dominance.

The combined results, overlaying SE and CSP, portray 
the spatial unsafe conditions on each route, representing the 
manifestation of their potential for spatial vulnerability. Spe-
cifically, the predisposition to overcrowding (resulting from 

Fig. 4  Diagram illustrating the integrated spatial analysis workflow developed to spatially translate disaster risk variables through configura-
tional measures



International Journal of Disaster Risk Science

network configuration combined with clusters of attractors) 
and the presence of strips of fragile building fronts, indicated 
a route’s spatial exposure to secondary hazards. The pres-
ence of consecutive decision points along a route and pres-
ence of gathering areas within walking distance, were ena-
blers for capacity of self-protection in space. Values of SE 
and CSP can fluctuate along the same route, with segments 

scoring higher exposure than others, and intersections sup-
porting better decision making than others, demonstrating 
that exposure and capacity are not mutually exclusive but, 
instead, co-exist. These variations can only be detected by 
adopting a granular approach to urban disaster risk and per-
forming context-specific reading of the combined effect of 
spatial network properties and land-use information.

Fig. 5  Example of spatial analysis performed on the informal evacu-
ation routes in the settlement of Campotosto (Abruzzo Region), 
with visualization of indicators of spatial exposure (top) and capac-

ity of self-protection in space (bottom) using simplified space syntax 
results. CIC combined integration and choice parameter, HD highly 
damaged front, SGMT street segment
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The results also show that some of the chosen spatial 
metrics retain twofold potential. For example, the configura-
tional proxy for spatial exposure detecting streets’ sensitivity 
to movement (that is, the space syntax Combined Integration 
and Choice parameter, CIC), also highlights what portions of 
the spatial network are used more intensely in the everyday 
practices; this is fundamental for pedestrians to acquire and 
consolidate spatial knowledge that can be mobilized in the 
emergency (spatial capacity building).

Thematic analysis unpacked root causes and dynamic 
pressures, informing on urban transformations (land use 
changes, urban conservation measures) and everyday spa-
tial practices culminating into the spatial unsafe conditions 
manifested during the emergency. Interviews validated the 
spatial analysis results, reporting that the use of the spatial 
network during informal pedestrian evacuation replicated 
the patterns of everyday use, in turn affected by presence 
and distribution of specific activities and attractors along the 
network and hindered by the combined effects of configura-
tion, land use, geometry, and building stock maintenance. 
Specifically, triangulation of interview records, spatial anal-
ysis results, and physical survey, showed that in the four 
locations, evacuees used the most popular yet not necessar-
ily safest routes (that is, the main streets, scoring highest 
movement potential in ASA, and in all cases bordered by 
damaged buildings’ fronts) to reach the main squares, preva-
lently overlooking other open areas closest to their original 
location. Interviews also suggested that the emergency use 
of space of permanent users (residents) and transitory users 
(prevalently tourists) was influenced by their different expe-
rience of and permanence in specific areas of the spatial 
network.1 Overall, the citizens’ first response was left to self-
organization because the enforced Municipal Civil Protec-
tion Plans (MCPP), mainly serving as technical documents 
for experts/rescuers, did not explicitly account for pedestrian 
evacuation routes. Interviewees associated the place-specific 
features of historical urban form to both sociocultural/iden-
tity values, and navigation constraints. Specifically, streets 
and squares were reported as on the one hand the cities’ 
social hubs and popular tourist destinations and, on the other 
hand, an infrastructure insufficient to support contemporary 
land use, traffic needs, and emergency operations.

Policy documents brought to light the influence of 
national planning and disaster risk governance upon local 
dynamics of spatial vulnerabilization. City planning and 

municipal civil protection planning reflected the national 
trends toward technocratization and centralization of the 
Italian planning process, rooted in the post-WWII urban 
planning law, and determining the subordination of qualita-
tive spatial design to quantitative principles. The separation 
of the spheres of ordinary and emergency planning and the 
consequent segregation of expertise were reflected in local 
urban planning devoid of risk awareness and mitigation ele-
ments. The reactive character of national DRR governance 
was also replicated at the local scale, and the decades-long 
centralization of civil protection action prevented the organic 
development of local DRR systems while exacerbating the 
over-reliance on the national disaster response system.

6  Discussion: Spatial Vulnerability 
Reconceptualized

Findings have confirmed the dissociation between physi-
cal space, social space, and planned space in ordinary and 
emergency planning, and shown how this generates specific 
vulnerable conditions. This study redefined spatial vulner-
ability at the urban scale as “The condition linked to reduced 
performances of UPOS in the emergency, potentially mak-
ing the whole urban system more sensitive to the impact of 
an earthquake, and manifesting as reduced capacities and 
increased exposure of portions of the spatial network and 
its occupants.”

In this connotation, the variable retains a twofold nature 
associated to endogenous and exogenous features of the spa-
tial network. The exogenous features determine vulnerabil-
ity of space, with the network made vulnerable by external 
agents such as land use, or adjacent vulnerable buildings 
representing a threat. Endogenous features determine vulner-
ability from space, with the network intrinsically vulnerable 
by configuration. Endogenous and exogenous spatial vulner-
ability features may not be apparent or unsafe in the every-
day—yet, during the emergency, they can delay or impede 
wayfinding.

The reconceptualized spatial vulnerability is rooted in the 
exclusion of the role of the spatial network and its users from 
the planning and DRR discourse—an aspect manifesting the 
progressive erasure of the “space of experience” in favor 
of the “non-space of the mind” (Psarra 2014), relegating 
users to the passive role of consumers in the everyday or 
aided in the emergency. In such a perspective, the connec-
tion of spatial planning, profit, and power dynamics emerges 

1 The distinction between residents and tourists in the use of space 
recurred in interviews recalling the aftermath of the 24 August main-
shock, occurred at the peak of seasonal tourism in the studied loca-
tions. “There was a massive evacuation of tourists […] Visso counts 
1000 residents but over the summer numbers skyrocket and we per-
formed a large evacuation during the night of 24 August, specific for 
tourists […] we found all people gathered in the main square […] 
partially because of the fear, partially because it was the largest space 
they knew.” (first aider, Visso) “[…] People evacuated the buildings 

[…] only a couple [of hotels] are in the historical center. Those peo-
ple, in the historical center, headed straight to Piazza San Benedetto.” 
(first aider, Norcia). Translation by lead author.

Footnote 1 (continued)
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clearly: in the everyday, users are expected/guided to use 
space according to the attractors’ distribution; in the emer-
gency, users are expected to navigate space being guided 
by rescuers—their individual agency and capacity of self-
protection disregarded.

In the studied contexts, the replication of the a-spatial 
approach in planning keeps spatially unsafe conditions 
undetected, untreated, and cyclically restored due to the 
conservative attitudes toward historical urban areas incentiv-
ized by their touristification. While preserving the historical 
value and amplifying the economic value of urban form, 
however, the practice to freeze it into a specific configu-
ration fails to acknowledge the social value associated to 
the self-(re)organization of cities and sign of a continuous 
process of cultural imprinting based on use (Hillier 2008). 
Consequently, the adaptation process of urban form to its 
society is interrupted, in favor of an increasingly dehuman-
ized and static spatial organization operated in planning 
(Hillier 1986). In parallel, Municipal Civil Protection Plans 
neglect the effect of the spatial network in urban vulnerabil-
ity assessment and exclude both space and its users when 
outlining the critical infrastructures for emergency response. 
Plans are produced by experts, for experts, removing citizens 
from the pool of direct recipients.

Space as an ancillary entity, subordinated to buildings 
and profit; space inconsistently codified as critical infra-
structure and only for a selected category of users; and 
space produced through a planning process that removes 
the collective subject from both creation and use, are all 
manifestations of the “technological utopia” (Lefebvre 
1991, p. 9) endlessly replicating the same mode of produc-
tion, rooted in the unquestioned, yet partial, knowledge of 
experts and decision makers (Wisner 1995). The exercise 
of power through spatial planning and its influence on the 
agency and experience of pedestrians show how decisions 
on space are, in fact, decisions on its users. From a disaster 
risk perspective, this epitomizes the case where the state/
local government, expected to provide external protection, 
fails to do so, and instead reduces individual capacity of 
self-protection (Wisner et al. 2011). Individual capacity of 
self-protection is built and consolidated through everyday 
practices producing knowledge that can then be mobilized in 
the emergency (Gaillard et al. 2019). By shaping patterns of 
occupation of the spatial network through land use decisions, 
planning action indirectly affects the type and quality of spa-
tial knowledge acquired by pedestrians through daily use of 
space (Lynch 1959; Harvey 2017). The impact of planning 
on users’ ability to safely navigate space can be interpreted 
as a flaw in the long-term mechanism of external protec-
tion provided by the state, which is meant to enhance and 
never reduce capacity of self-protection (Blaikie et al. 1994; 
Wisner et al. 2011). An additional shortcoming detected in 
these mechanisms is represented by the polarization between 

aiders and aided during the emergency, with the latter treated 
as passive recipients of assistance delivered by the former. 
This aspect appears consolidated through national and local 
emergency planning that removes evacuees’ agency in 
emergency management. Consequently, the enforced first 
response procedures omit both citizens as active respond-
ents, and the spatial network as an informal and widespread 
critical infrastructure. These practices go hand in hand with 
the consolidated approach to urban disaster risk, looking at 
what happens across space, but not because of it: the spatial 
distribution of vulnerability and the limited information and 
action that it enables.

7  Conclusion

A goal of this study was to reclaim the role of space in urban 
disaster risk analysis in order to overcome the limitations 
of the current, geodriven approach to spatial vulnerability. 
The intent was to influence the understanding of disaster risk 
dynamics at the urban scale. We did so by presenting a study 
centered on urban form and disaster risk that brought to light 
the active role of the urban spatial network in the process of 
increasing the vulnerability of earthquake-prone settlements.

The research not only highlighted the combined role of 
spatial configuration and land use in fluctuations of pedestri-
ans’ exposure to secondary hazards and in their capacity of 
self-protection in an emergency evacuation, but also exposed 
some of the mechanisms behind the subordination of qualita-
tive spatial planning to quantitative principles that have led 
to the current a-spatial planning. The application of space 
syntax knowledge enabled understanding undetected disas-
ter risk dynamics associated to the urban spatial network, 
broadening the field of use of morphological techniques to 
assist urban disaster risk reduction (DRR). The choice of the 
Pressure and Release (PAR) model was intended to unpack 
the marginalization of configured space in the planning and 
DRR discourse. The framework enabled us to illustrate that 
the pervasive absence of socio-spatial sensitivity in planning 
is much more than just a diffuse incapacity to incorporate 
socio-spatial aspects in practice. In fact, it is a structural 
characteristic of post-WWII planning governance. Specifi-
cally, it appears as a manifestation of hegemonic interests 
enacted through control of space via land use decisions and 
emergency management, which generate the side effects of 
spatially unsafe conditions in emergency scenarios.

In this study, planned space emerges as the space of con-
trolled and codified relations of use and power in cities. Its 
design is driven by the exchange value set by the produc-
ers and disregard for the consumer’s values and agency. 
Configuration of the spatial network, formally unacknowl-
edged in planning, emerges clearly as an active codetermi-
nant of urban disaster risk, and has a significant impact on 
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vulnerability fluctuations of the city and its users. These 
variations remain widely undetected in the everyday but 
manifest when disasters strike. While results are context-
bound, the theoretical considerations on the network’s func-
tional role in disaster risk fluctuation can be generalized. 
These insights provide prompts for future investigation 
into user-specific and hazard-specific variations of spatial 
vulnerability.

Acknowledgments This article draws upon the doctoral research con-
ducted by Monia Del Pinto in the School of Architecture, Building, 
and Civil Engineering at Loughborough University. We would like to 
express our gratitude to all the participants from Amatrice, Campoto-
sto, Norcia, and Visso for their contributions to this study; to the local 
municipalities, civil protection, and fire brigades for providing access 
to data; and to the broader local communities affected by the 2016 
Central Italy Earthquake for their hospitality and support during the 
fieldwork. We sincerely thank all the advisors whose input advanced 
the research work at all stages, and the reviewers whose critical reading 
helped improve this manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albris, K., K.C. Lauta, and E. Raju. 2020. Disaster knowledge gaps: 
Exploring the interface between science and policy for disaster 
risk reduction in Europe. International Journal of Disaster Risk 
Science 11(1): 1–12.

Aubrecht, C., S. Freire, C. Neuhold, A. Curtis, and K. Steinnocher. 
2012. Introducing a temporal component in spatial vulnerability 
analysis. Disaster Advances 5(2): 48–54.

Bergmann, L. 2016. Toward speculative data: “Geographic infor-
mation” for situated knowledges, vibrant matter, and relational 
spaces. Environment and Planning D: Society and Space 34(6): 
971–989.

Bevacqua, A., D.L. Yu, and Y.J. Zhang. 2018. Coastal vulnerability: 
Evolving concepts in understanding vulnerable people and places. 
Environmental Science & Policy 82: 19–29.

Blaikie, P., B. Wisner, T. Cannon, and I. Davis. 1994. At risk: Natural 
hazards, people’s vulnerability, and disasters. London: Routledge.

Boeing, G. 2017. OSMnx: New methods for acquiring, constructing, 
analyzing, and visualizing complex street networks. Computers, 
Environment and Urban Systems 65: 126–139.

Bohle, H.G. 2001. Vulnerability and criticality: Perspectives from 
social geography. Update IHDP: Newsletter of the International 
Human Dimensions Programme on Global Environmental Change 
2(1): 1–7.

Braun, V., and V. Clarke. 2006. Using thematic analysis in psychol-
ogy. Journal of Chemical Information and Modeling 53(9): 
1689–1699.

Braun, V., V. Clarke, N. Hayfield, and G. Terry. 2012. Thematic analy-
sis. In Handbook of research methods in health social sciences, 
ed. P. Liamputtong, 843–860. Singapore: Springer.

Buckhardt, L., J. Fezer, and M. Schmitz. 2019. Who plans the plan-
ning? Architecture, politics, and mankind. Basel, Switzerland: 
Birkhäuser.

Carnelli, F., and I. Frigerio. 2017. A socio-spatial vulnerability assess-
ment for disaster management: Insights from the 2012 Emilia 
earthquake (Italy). Sociologia Urbana e Rurale. https:// doi. org/ 
10. 3280/ SUR20 16- 111002.

Contreras, D., T. Blaschke, and M.E. Hodgson. 2017. Lack of spatial 
resilience in a recovery process: Case L’Aquila, Italy. Technologi-
cal Forecasting and Social Change 121: 76–88.

Contreras, D., T. Blaschke, S. Kienberger, and P. Zeil. 2011. Spatial 
vulnerability indicators: “Measuring” recovery processes after 
earthquakes. In Proceedings of the 8th International Conference 
on Information Systems for Crisis Response and Management: 
From Early-Warning Systems to Preparedness and Training, 
ISCRAM 2011, 8–11 May 2011, Lisbon, Portugal, 1–5.

Cutini, V. 2013. The city, when it trembles: Earthquake destructions, 
post-earthquake reconstructions and grid configuration. In Pro-
ceedings of the 9th International Space Syntax Symposium, 31 
October–3 November 2013, Seoul, South Korea, 5–17.

Cutter, S.L., and W.D. Solecki. 1989. The national pattern of ari-
borne toxic releases. The Professional Geographer 41(2): 
149–161.

Cutter, S.L., J.T. Mitchell, and M.S. Scott. 2000. Revealing the vulner-
ability of people and places: A case study of Georgetown County, 
South Carolina. Annals of the Association of American Geogra-
phers 90(4): 713–737.

Danermark, B. 2019. Applied interdisciplinary research: A critical 
realist perspective. Journal of Critical Realism 18(4): 368–382.

De Sherbinin, A. 2014. Spatial climate change vulnerability assess-
ment: A review of data, methods, and issues. Climatelinks, 1 
August 2014.

Del Pinto, M., G. Palaiologou, K. Chmutina, and L. Bosher. 2021. 
Urban morphology in support of disaster risk reduction: Towards 
theory and methods for a spatial approach to tackling urban vul-
nerability to earthquakes. In Proceedings of the XXVIII Interna-
tional Seminar on Urban Form ISUF2021: Urban Form and the 
Sustainable and Prosperous Cities, 29 June–3 July 2021, Glas-
gow, UK, 354–362.

Edwards-Jones, A. 2014. Qualitative data analysis with NVIVO. Jour-
nal of Education for Teaching 40(2): 193–195.

Fabian, J. 2014. Time and the other: How anthropology makes its 
objects. New York: Columbia University Press.

Fang, C.L., Y. Wang, and J.W. Fang. 2016. A comprehensive assess-
ment of urban vulnerability and its spatial differentiation in China. 
Journal of Geographical Sciences 26(2): 153–170.

Fekete, A. 2012. Spatial disaster vulnerability and risk assessments: 
Challenges in their quality and acceptance. Natural Hazards 
61(3): 1161–1178.

Frigerio, I., and M. De Amicis. 2016. Mapping social vulnerability to 
natural hazards in Italy: A suitable tool for risk mitigation strate-
gies. Environmental Science & Policy 63: 187–196.

Frigerio, I., S. Ventura, D. Strigaro, M. Mattavelli, M. De Amicis, S. 
Mugnano, and M. Boffi. 2016. A GIS-based approach to identify 
the spatial variability of social vulnerability to seismic hazard in 
Italy. Applied Geography 74: 12–22.

Gaillard, J.C., J.R.D. Cadag, and M.M.F. Rampengan. 2019. People’s 
capacities in facing hazards and disasters: An overview. Natural 
Hazards 95(3): 863–876.

Gauthier, P., and J. Gilliland. 2005. Mapping urban morphology: A 
classification scheme for interpreting contributions to the study 
of urban form. Urban Morphology 10(1): 41–50.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3280/SUR2016-111002
https://doi.org/10.3280/SUR2016-111002


International Journal of Disaster Risk Science

Giuliani, F., A. De Falco, and V. Cutini. 2020. The role of urban con-
figuration during disasters. A scenario-based methodology for 
the post-earthquake emergency management of Italian historic 
centres. Safety Science 127: Article 104700.

Gold, J.R. 1998. Creating the charter of Athens: CIAM and the func-
tional city, 1933–43. Town Planning Review 69(3): Article 225.

Griffiths, S. 2012. The use of space syntax in historical research: Cur-
rent practice and future possibilities. In Proceedings of the 8th 
International Space Syntax Symposium, 3–6 January 2012, San-
tiago, Chile, 1–26.

Harvey, D. 1988. Social justice and the city. Athens, GA: University 
of Georgia Press.

Harvey, D. 2017. Between space and time: Reflections on the geo-
graphical imagination. In New critical writings in political soci-
ology: Volume one: Power, state and inequality, ed. K. Nash, 
519–535. London: Routledge.

Heesen, J., D.F. Lorenz, M. Nagenborg, B. Wenzel, and M. Voss. 2014. 
Blind spots on Achilles’ heel: The limitations of vulnerability and 
resilience mapping in research. International Journal of Disaster 
Risk Science 5(1): 74–85.

Hewitt, K., and I. Burton. 1971. The hazardousness of a place: A 
regional ecology of damaging events. Toronto, ON: University 
of Toronto Press.

Hewitt, K. 1997. Regions of risk: A geographical introduction to dis-
asters. London: Longman.

Hillier, B. 1986. City of Alice’s dreams. Architects’ Journal 9: 39–41.
Hillier, B. 1989. The architecture of the urban object. Ekistics 56(334–

335): 5–21.
Hillier, B. 1996. Cities as movement economies. Urban Design Inter-

national 1(1): 41–60.
Hillier, B. 2005. The art of place and the science of space. World Archi-

tecture 185(11): 96–102.
Hillier, B. 2006. The golden age for cities? How we design cities is how 

we understand them. Urban Design 100: 1990–1992.
Hillier, B. 2008. Space and spatiality: What the built environment 

needs from social theory. Building Research & Information 36(3): 
216–230.

Hillier, B., and J. Hanson. 1984. The social logic of space. Landscape 
and Urban Planning 13: 247–249.

Hillier, B., and L. Vaughan. 2007. The city as one thing. Progress in 
Planning 67: 205–230.

Hillier, B., A. Penn, J. Hanson, T. Grajewski, and J. Xu. 1993. Natural 
movement: Or, configuration and attraction in urban pedestrian 
movement. Environment and Planning B: Planning and Design 
20(1): 29–66.

Hu, X.B., H. Li, X. Guo, P.H.A.J.M. van Gelder, and P. Shi. 2019. Spa-
tial vulnerability of network systems under spatially local hazards. 
Risk Analysis 39(1): 162–179.

Krenz, K. 2017. Employing volunteered geographic information in 
space syntax analysis. In Proceedings of the 11th International 
Space Syntax Symposium, 3–7 July 2017, Lisbon, Portugal, 1–26.

Lees, L. 2002. Rematerializing geography: The “new” urban geogra-
phy. Progress in Human Geography 26(1): 101–112.

Lefebvre, H. 1991. The production of space. London: Blackwell 
Publishing.

Li, Y.F., X.X. Zhang, X.X. Zhao, S.Q. Ma, H.H. Cao, and J.K. Cao. 
2016. Assessing spatial vulnerability from rapid urbanization to 
inform coastal urban regional planning. Ocean and Coastal Man-
agement 123: 53–65.

Lynch, K. 1959. The image of the city. Cambridge, MA: The MIT 
Press.

Marin Maureira, V., and K. Karimi. 2017. The everyday and the post-
disaster urban systems as one thing. In Proceedings of the 11th 
International Space Syntax Symposium, 3–7 July 2017, Lisbon, 
Portugal, 1–17.

Massey, D. 2005. For space. Thousand Oaks, CA: SAGE Publications.

Mumford, E. 2019. CIAM and its outcomes. Urban. Planning 4(3): 
291–298.

Næss, P. 2015. Critical realism, urban planning and urban research. 
European Planning Studies 23(6): 1228–1244.

Palaiologou, G., T. Larimian, and L. Vaughan. 2021. The use of mor-
phological description in neighbourhood planning: Form-based 
assessment of physical character and design rules. Journal of 
Urbanism: International Research on Placemaking and Urban 
Sustainability 14(4): 490–514.

Pezzica, C., C. Valerio, and C.B.D. Souza. 2019. Rapid configurational 
analysis using OSM data: Towards the use of space syntax to 
orient post-disaster decision making. In Proceedings of the 12th 
International Space Syntax Symposium, 8–13 July 2019, Beijing, 
China.

Piccinato, G. 2010. Centenary paper: A brief history of Italian town 
planning after 1945. Town Planning Review 81(3): 237–259.

Psarra, S. 2014. Beyond analytical knowledge: The need for a com-
bined theory of generation and explanation. A/Z ITU Journal of 
the Faculty of Architecture 11(2): 47–68.

Psarra, S. 2018. The Venice variations: Tracing the architectural imagi-
nation. London: UCL Press.

Raduszynski, T., and M. Numada. 2023. Measure and spatial identifica-
tion of social vulnerability, exposure and risk to natural hazards 
in Japan using open data. Scientific Reports 13(1): Article 664.

Rashed, T., and J. Weeks. 2003. Assessing vulnerability to earthquake 
hazards through spatial multicriteria analysis of urban areas. 
International Journal of Geographical Information Science 17(6): 
547–576.

Roy, D.C., and T. Blasche. 2015. Spatial vulnerability assessment of 
floods in the coastal regions of Bangladesh. Geomatics, Natural 
Hazards and Risk 6(1): 21–44.

Saatcioglu, B., and C. Corus. 2016. Exploring spatial vulnerability: 
Inequality and agency formulations in social space. Journal of 
Marketing Management 32(3–4): 230–251.

Simonsen, K. 1996. Social theory. Progress in Human Geography 
20(4): 494–512.

Simpson, D.M., and R.J. Human. 2008. Large-scale vulnerability 
assessments for natural hazards. Natural Hazards 47(2): 143–155.

Smirnov, O.A. 2016. Geographic space: An ancient story retold. Trans-
actions of the Institute of British Geographers 41(4): 585–596.

Sritart, H., H. Miyazaki, S. Kanbara, and T. Hara. 2020. Methodology 
and application of spatial vulnerability assessment for evacuation 
shelters in disaster planning. Sustainability 12(18): Article 7355.

Thrift, N. 2006. Space. Theory, Culture & Society 23(2–3): 139–146.
Turner, A. 2001. Angular analysis. In Proceedings of the 3rd Inter-

national Symposium on Space Syntax, 7–11 May 2001, Atlanta, 
USA.

Turner, A. 2007. From axial to road-centre lines: A new representation 
for space syntax and a new model of route choice for transport 
network analysis. Environment and Planning B: Urban Analytics 
and City Science 34(3): 539–555.

Turner, A., M. Doxa, D. O’Sullivan, and A. Penn. 2001. From isovists 
to visibility graphs: A methodology for the analysis of architec-
tural space. Environment and Planning B: Planning and Design 
28(1): 103–121.

Vaughan, L., and I. Geddes. 2009. Urban form and deprivation: A con-
temporary proxy for Charles Booth’ s analysis of poverty. Radical 
Statistics 99: 46–73.

Vaughan, L., D.L.C. Clark, O. Sahbaz, and M.M. Haklay. 2005. Space 
and exclusion: Does urban morphology play a part in social dep-
rivation?. Area 37(4): 402–412.

Watts, M.J., and H.G. Bohle. 1993. The space of vulnerability: The 
causal structure of hunger and famine. Progress in Human Geog-
raphy 17(1): 43–67.



 Del Pinto et al. Reimagining the Notion of Spatial Vulnerability at the Urban Scale

Wisner, B. 1995. Bridging “expert” and “local” knowledge for coun-
ter-disaster planning in urban South Africa. GeoJournal 37(3): 
335–348.

Wisner, B., J.C. Gaillard, and I. Kelman. 2011. Framing disaster: 
Theories and stories seeking to understand hazards, vulnerability 

and risk. In Disaster prevention, ed. I. Kelman, 15–30. London: 
Routledge.

Yin, R. 2014. Case study research design and methods, 5th edn. Thou-
sand Oaks, CA: SAGE Publications.


	The Role of the Spatial Network in Urban Disaster Risk Variations: Reimagining the Notion of Spatial Vulnerability at the Urban Scale
	Abstract
	1 Introduction
	2 Vulnerability Conceptualization in Spatial Terms
	2.1 Geospace in Disaster Studies
	2.2 Issues in Disaster Studies: Spatial Vulnerability and the Scale Problem
	2.2.1 Origins of the Concept
	2.2.2 Influences


	3 Issues in Epistemologies: Fallacies in the Discourse on Space
	4 Issues at the Urban Scale: The Lack of a Configurational Perspective
	5 Urban Form and Disaster Risk
	5.1 Recontextualization of Knowledge
	5.2 Methodology Overview
	5.3 Research Design: Case Study
	5.4 Data Collection
	5.5 Data Analysis
	5.6 Overview of Results

	6 Discussion: Spatial Vulnerability Reconceptualized
	7 Conclusion
	Acknowledgments 
	References


