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ABSTRACT  

The main objective of this paper is to prove that spatial connectivity can be an effective spatial indicator 

for monitoring and evaluating the recovery process after the event of an earthquake. It integrates variables 

such as distance, travel time and quality of public transport service. We hypothesize that there is a 

relationship between the connectivity to the central business districts in cities, and the satisfaction with 

the locations of new settlements assigned to the homeless population during a recovery process. If this 

hypothesis holds true, then the satisfaction with new settlements will be correlated with the inhabitants’ 

preference to either stay, or to search for a new site. This will then support the evaluation of the success of 

a recovery process. To prove this relationship we investigated the twelve months recovery process in 

L’Aquila in Italy. Spatial data sets were used and analyzed using GIS.  Fieldwork data and interviews 

were conducted in order to investigate the satisfaction of persons living in newly established places 

outside of the city. We compared the strength of the desire of the interviewees to move away, against the 
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travel distance and travel time to the city center. The statistical analysis reveals that the preference to 

search for another place was significantly correlated with the distance between new settlements and the 

city center of L’Aquila. To a lesser degree it was correlated with the travel time. The regression indicated 

that the distance between the new settlements and the inner city strongly influences the preference to 

either stay or to move.  
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1. INTRODUCTION 

Throughout history, many cities like Berlin, Moscow, Mexico City, Tokyo, Kobe, Hiroshima, and 

Nagasaki have been destroyed by natural phenomena or anthropogenic events; nevertheless, most of them 

have managed to rebuild and rebound. Only 42 cities in the world were ‘permanently abandoned 

following destruction’[1]; these cities include e.g. Pompeii (Italy) after the year AD 79, and Armero 

(Colombia) after the eruption of the “Nevado del Ruiz” Volcano. At least since the 19th century, 

resilience seems to have increased and the recovery of cities such as New Orleans after the impact of 

Hurricane Katrina is more likely. 

 

On April 6th of 2009, an earthquake with a magnitude of 6.3 MW, at a depth of 10 km and at an epicenter 

located 34 km to the Southwest of the city of L’Aquila in Italy struck the city (population 728.000), the 

capital of the province by the same name, and a major center of the Abruzzo region. Its location and the 

map of ground motion intensity during the earthquake are displayed in figure 1. 

# Fig. 1 about here # 
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The historical city was destroyed, 1.500 people were injured, 202 of them seriously, 308 lost their life, 

67.500 became homeless [2], and between 3.000 and 10.000 buildings were damaged. The cost of the 

damage was estimated to be 16 billion Euros [3]. The classification of the degree of damage per block 

after the earthquake in L’Aquila is depicted in figure 2. 

# Fig. 2 about here # 

Reconstruction programs like the C.A.S.E (Complessi Antisismici Sostenibili ed Ecocompatibili) and 

M.A.P. (Moduli. Abitaviti Provvisori) helped to build about 284 housing units in 19 new settlements in 

order to accommodate 23.000 survivors, who used to live in the city center. The locations of these new 

settlements are represented in figure 3. This quick and expensive housing solution, however, involves 

problems such as the lack of basic services, urban facilities (churches, schools, pharmacies, post offices, 

supermarkets, social centers, sport centers and so on), limited public transport (low and not reliable 

frequencies), social fragmentation and functional living, as well as questionable ecological values. Due to 

the dispersed and isolated location of these new settlements, initially designated as conservation land or 

farmland [4], people depend mainly on transport by private car to reach the area . The problem of being 

far away from the inner city not only means being far from services, but also from the scarce employment 

opportunities currently existing in L’Aquila. Next to the feeling,  of some kind of forced migration, the 

location of the new settlements induces a dependency on private transport [4], which is neither cheap, nor 

environmentally friendly; as presented in figures 3 and 4.  

# Fig. 3 about here # 

# Fig.4 about here # 

UNDRO [5] identifies three strategies to address the problem of homeless people after a disaster: first, to 

continue living in the same house, because there is no damage (ideal solution); second, to provide 

temporary shelter, and later on provisional housing; and third, fast reconstruction of housing. L’Aquila 

adopted a combination of the second and third strategy. The second, according to UNDRO, is the most 
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inefficient because it consists of two phases and it is expensive. Furthermore, the word “provisional” does 

not apply to housing, as it is the case with provisional housing developed in the United Kingdom during 

the First and Second World Wars, which is still used for housing. Also it has some characteristics of the 

third strategy, because there was a quick development of “provisional housing”, but rather than talking 

about reconstruction, there was a kind of “forced migration” [4]. According to Clausen [6], more than 

20.000 people in L’Aquila still live in temporary shelters, and the three billion dollar provisional housing 

solution seems to be permanent, while the city center is decaying behind the cordons and electro-soldier 

scaffold [7]. The construction of these provisional houses, in the case of the developed world, can take 

some months, while in developing countries it may take only several days, however, with a big difference 

in quality. The time required to provide housing to homeless people after an earthquake depends, among 

others, on the available funding and expertise, the commitment of the government, the housing culture, 

the level of participation with beneficiaries and the climatic conditions [5]. In the case of L’Aquila, 

neither funding nor expertise was a problem, in spite that there are a lot of questionable aspects such as 

the high costs and the use of wood as the building material of the houses. The weather wasn’t a concern 

since the earthquake struck in spring, nevertheless there were some problems related with the high 

temperatures in summer, and localized floods during rainstorms [7]. Instead, there is a clear lack of 

commitment from the government and the level of participation of affected people was inexistent.  

According to Alexander [4] the earthquake in L’Aquila “was a moderate seismic event”. However, the 

high vulnerability level of its historic buildings - mainly concentrated in the city center - led to the 

enormous damage described earlier. In the framework of the EC FP7 research project, Methods for the 

Improvement of Vulnerability Assessment in Europe (MOVE), vulnerability has been defined as ”the 

susceptibility to suffer damages or the intrinsic fragility of the exposed elements, systems or communities 

that favors loss when affected by hazard events”[8]. Likewise, a clear concept of recovery is also 

essential. Nevertheless, the vulnerability of L’Aquila before the earthquake can not merely be reduced to 

the physical dimension in retrospective. The economic situation was characterized by stagnation due to 



Contreras et al.                                                                                          Spatial connectivity in recovery processes        

 

 5 

 

the lack of improvement in the local infrastructure, the lack of employment opportunities, and devolution 

tax policies, which in the case of L’Aquila caused regressive effects; there is also a high vulnerability in 

the institutional dimension, taking into account that L’Aquila is poorly connected in political terms. 

Wisner et al. [9] state, more vulnerable areas will have longer recovery phases, and L’Aquila was a 

vulnerable area  

Several studies have demonstrated that disaster impacts - to different degrees - individuals and groups on 

accounts of the levels of vulnerability before the event [10].Vulnerability assessment is a key contribution 

in order to formulate recovery and development policies during the risk management process.  

Chang [11] puts forward three possible definitions for recovery: a) reaching the conditions existent before 

the event; b) reaching the state what would have been attained “without” the disaster, or c) reaching a new 

stable state. All these definitions are valid, and all of them reflect different cases and recovery processes, 

taking into account the preexistent vulnerability conditions. Recovery is a social process influenced by 

pre- and post-disaster conditions [10]. Vale & Campanella [12] consider “city” as a place made up of 

buildings and infrastructure, with a significant density of residents, cultural and commercial facilities, 

social and political institutions, historic and symbolic meanings and social and spatial patterns [13]; and 

“recovery” the return to normalcy in the social and economic dimensions, even with the inequities 

existent before the event. Nevertheless, it is good to point out that a city consists of more than just 

buildings, resilience is more than physical reconstruction, and reconstruction is not necessarily recovery 

or vice versa [13]. 

In the concept of the present paper, recovery is defined as a complex multidimensional process of 

decision making after a disaster, strongly influenced by vulnerable conditions existing before the event, 

which address the interaction among a variety of groups and institutions, with the aim to rebuild people’s 

lives and livelihoods, besides reconstructing buildings and infrastructure, restoring cultural assets and 

ecological conditions. This process offers the opportunity to improve pre-disaster conditions, avoid (re-) 
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emerging vulnerabilities, and through the adaptation to the changed circumstances it may increase the 

community’s disaster resilience. In spite that this uncertain and conflict-laden process is nonlinear and it 

does not have a clear boundary, it is divided into four phases: emergency, restoration/rehabilitation, 

recovery and redevelopment. Each phase has different objectives and activities in space and time, and the 

limits between them are fuzzy due to the unique characteristics of each area affected by a disaster. 

The assessment of the recovery process should be based on indicators in order to guarantee objectivity 

and comparability [14]. Indicators are qualitative or quantitative measures resulting from systematically 

observed facts [15] which describe the characteristics and allow the assessment of certain phenomena 

[16]. Based on an extensive literature study which is reflected in the guidelines for up- and downscaling 

of indicators in the MOVE project, we decided to base our quest for spatial indicators preferably on 

measurable and mappable spatial variables such as area, range, distance, direction, spatial geometries and 

patterns, spatial connectivity, isolation, diffusion, spatial associations, and scale of the affected area and 

surroundings [17]. Measuring the spatial component of recovery is important, since both the disastrous 

event as well as the recovery process to follow, take place an explicit spatial context. Spatial indicators 

are visible measures of the stage, at which the recovery process is progressing, making it easier to design 

a recovery plan at earlier stages, and to evaluate it in a participatory way later. 

 Comparing the human body and the structure of a city, the central district in L’Aquila is the social, 

financial, institutional and cultural heart of the city; if the heart is not active, it is not possible to talk about 

recovery in the city, even if other parts or new parts in the city are active. As in the case of the human 

body, if the heart is not pumping blood through the vessels, there is no oxygen for the other organs in the 

body and it will soon die. In the case of the city, if the central district, which is also the central business 

district, is not functioning, then less customers, tourism, business and investment will come to the city, 

which also affects the new areas; and later on, the recovery feasibility or even the feasibility of the city to 

revitalize. 
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 Cutter [18] has already highlighted the role of spatial analysis in all phases of the emergency response, 

specifically in activities such as threat detection, monitoring land use, design of potential evacuation 

routes or re-delineating hazard zones. In the recovery phase, GIScience allows for the dynamic 

representation of physical and social processes, which are the integral aspect for developing spatial 

indicators highlighting the progress of the recovery process.  GIS combined with satellite images allows 

us to construct indicators of housing, reconstruction and land use change in the physical dimension, and 

generate proxy indicators of the social dimension, in order to measure the progress of the recovery. 

Several indices have been developed to measure vulnerability, but only Yuka Karatani & Hayashi [19], 

[20]; Shohei [14] and Chang [11] yielded a recovery index. Since large-scale disasters are relatively rare 

it is difficult to accumulate the information and the experience ‘across disasters’ in order to create a more 

generic model to evaluate recovery processes [19]. One of the major events of the 20th and 21st century 

that has been carefully studied and documented, is the Kobe earthquake, but the status quo of establishing 

benchmarks is not satisfying. To our knowledge there are no defined protocols or benchmarks for 

recovery phases and it is repeatedly argued that every recovery phase is a unique combination of various 

external forces and disaster prevention policies applied in the area. Furthermore the recovery phase is 

determined by the unique history of the area [19]. In the case of disaster management, history means the 

vulnerability condition existing before the disaster, in this case an earthquake; and spatial connectivity 

can not be only a recovery, but also a vulnerability indicator. One of the aspects considered in the 

research study about the functional vulnerability in Bogotá D.C. (Colombia) in case of a disaster [21] is 

the spatial connectivity for the emergency response, identifying the probable roads blocked and collapsed 

bridges according to different damage scenarios, based on the return periods and hour of occurrence of 

the earthquake. Having the scenarios, the study identified the road with the least probability of being 

blocked, in order to be used by emergency response institutions, the unwounded, as well as for the 

transport of injured and deceased people. Other authors such as Ozdamar [22], Chiu [23], Fiedrich [24], 
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and Yan [25] have also addressed the topic of transport, logistics and connectivity during the emergency 

phase, which are also elements related to connectivity, but not considered in the present research. 

 

 

2. HYPOTHESIS AND OBJECTIVES 

Tierney [10] argues that one of the problems during the recovery phase in New Orleans after Hurricane 

Katrina was not only the return of the local population, but also the return of business, because individual 

businesses depend on local business ecologies or the interaction between organizations and individuals in 

the business world. Furthermore the recovery process requires sources of income and work [4], which is 

nowadays the problem that L’Aquila faces city due to the lack of both of them. In this sense, the 

hypothesis to be tested in this paper is that the changes in spatial pattern such as connectivity, change of 

land use, occupation, reactivation of areas and attachment to the new settlements can be used as spatial 

indicators for monitoring the success of a recovery process. In particular, the aim is to investigate the 

spatial connectivity between the new settlements built, and the inner city of L’Aquila. We hypothesize 

that if the connectivity decreases, the satisfaction with the location of new settlements also decreases and 

the preference to search for new accommodation is higher, not only in the city but also in other cities in 

the region. In this respect the study will try to confirm that if the attachment level to the new settlements 

and to the city is low, it is hindering the recovery process of the city. 

 

Connectivity was selected as the spatial indicator to be developed because it is an indicator of physical 

dimension, which also influences – and reflects - the social and the economic situation during the 

recovery phase. Spatial connectivity is therefore seen as a meta-indicator [26] for access to healthcare, 

education, financial and recreation facilities[27] as well as sources of employment and amenities in the 

temporal and in the spatial dimension. Spatial connectivity is an indicator of recovery based on the 

measurement of the preference level of people to move to another place due to connectivity problems. 
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The desire to move to another place in the city or in the region, it is a social phenomenon against to the 

advance of the recovery process; while the attachment to a place defined as “Topophilia”[28] is the result 

of experiences, memories and intention of remain due  to satisfaction with employment opportunities, 

basic services, urban facilities, amenities, connectivity and so on, that are not available in the new 

settlements in L’Aquila.  Sterrett et al. [29] elaborate on the role that urban design can have in social 

issues, related to the socio-economic disconnection and physical disconnection. Also Kevin Lynch [30] 

considers the paths as a key component of urban structure, because they are a means for accessing other 

people, services and employment. The traditional town planning proposes to create “social cohesion” 

through locating facilities in the center of community areas; however, only few of the new settlements in 

L’Aquila have facilities such as parks or temporal churches that generate physical cohesion. 

According to Sterrett et al. [29], it is necessary to understand “the social dynamics of the city” in order to 

know what works in the urban structure. Using Belfast (Ireland) as a case study area, they discovered that 

the commercial city center largely supports a daytime economy, which in fact does not exist in L’Aquila 

anymore. Further, heavy traffic has a representative impact on the health and amenity of the most 

deprived communities, which is not the case in L'Aquila; and the patterns of movement in Belfast around 

the segregated areas had the peculiarity of avoiding passing through other community territory, which is 

also not the case in L’Aquila. Here, the peculiar factor is the isolation level of the new settlements, not 

only regarding the city but also amongst each other. These depend mainly on private transport in order to 

have access to other people, services, employment [30] or amenities[27], and generally speaking, social 

capital and opportunities. 

The main objective of this paper is to prove that spatial connectivity can serve as a spatial indicator to 

monitor and evaluate recovery, which integrates variables such as distance, travel time and quality of the 

public transport service. The relationship between connectivity and the preference to search for a new site 

will support the evaluation of the success of a recovery process.  
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The problem of connectivity in the recovery process of a city can be compared with the human 

physiology; if after an accident, the blood does not irrigate a part of the body, the organs located in this 

part will die, causing delay or disruption to the body’s recovery process. If there are connectivity 

problems such as long distances, scarce transport media, roads in poor conditions and long travel times, 

the flow of goods and services and the supply-chain [10] will be interrupted, like the blood in the body, 

and the interest of travelling between the origin and the destination will decay in the end, affecting the 

facilities in those places. In this sense, facilities such as stores, supermarkets, banks, industries, schools, 

post offices and so on, will have not only less visitors, but also supply chain problems. The assessment of 

the recovery process after the earthquakes in Loma Prieta and Hurricane Andrew indicates that these 

kinds of problems were significant predictors of poor recovery outcomes[10]. 

The ability of a household to carry out normal activities is fundamental to assess the advance of a 

recovery process. One of the key systems associated with the possibility of carrying out daily activities 

and the reactivation of a city involved in a recovery process are the available means of transportation [31]. 

Transport planners will measure the local and regional traffic flows [12]. We therefore consider spatial 

connectivity as a key indicator of recovery. In spite that traffic flow is another variable of the spatial 

connectivity index, its correlation with the desire to move to another place is not taken into account in this 

paper due to the lack of data about the frequency of buses between each settlement and to the inner city. 

However, during fieldwork, it was possible to observe that the frequencies of buses en route to Cese di 

Preturo, Coppito 3 and 2, Sassa and Pagliari di Sassa (some new settlements on the west of the core of 

L’Aquila), and the city center were very low (around 40 minutes) and not reliable, and the routes 

themselves were still very confusing, which encourages the dependency on the private cars. With the 

intention of promoting the use of public transport, and based on consumers` transportation behavior, 

Bronner [32] carried out a survey among train-travellers and car-travellers about decision styles in 

transport mode choice. He came to the conclusion that the reliability of reaching a destination on time is a 

very important aspect to both population groups, which actually heavily depend on the reliability of the 
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frequency, at least for train-travellers. Other authors such as Jessiman and Kocur (1975) [32] revealed in 

their studies that reliability was the most critical aspect to select a travel mode for a work trip over other 

variables such as overall travelling time, travel costs, comfort and safety. This finding is very important in 

regard to L’Aquila, taking into account that work and employment sources are a critical aspect in the 

recovery process of L’Aquila. 

 

3. METHODOLOGY 

In previous work, the first step comprised a review of vulnerability and recovery indicators [33]. We take 

vulnerability indicators identified in the MOVE project as a starting point. The case study areas of 

Barcelona (Spain), Cologne/Bonn (Germany) and Florence (Italy) are dedicated to identifying earthquake 

vulnerability indicators. Nevertheless it needs to be emphasized that this does not mean that some 

indicators are tied to a particular hazard. Rather, some indicators are more relevant to particular hazards 

and to particular case studies. 

The MOVE web-based database accessible at www.move-fp7.eu/ contains a total of 260 indicators 

composed of 220 single and 40 composite indicators. 78 (35 per cent) of the single indicators are 

specifically related to earthquakes and 8 (20 per cent) of the composite indicators are also associated with 

this phenomenon. Another 86 single indicators were identified upon reviewing the literature. However, 

these were not included in the final set of indicators, in most cases due to the lack of data.  

From secondary sources 119 recovery indicators were identified. The sources were (a) books, (b) 

scientific publications, which address the cases of Kobe and some cities in Italy, (c) from periodical 

situation reports from Haiti and Chile issued by OCHA, (d) the Magazine “Noi Abruzzo” published by the 

Commissioner of the reconstruction in L’Aquila (Italy), and the data collected in the MICRODIS project 

funded under the EC FP6 Programme, with the aim to study the epidemiological, social and economic 

effects of the earthquake that struck L’Aquila [33]. 
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For both vulnerability and recovery, indicators were aggregated according to the following dimensions of 

susceptibility: physical, social, economic, cultural, and institutional. Susceptibility is defined as the 

predisposition of particular areas to be affected by a hazard [8]. The second step was an analysis in order 

to identify which of these indicators were based on spatial variables or which ones can be spatially 

mapped. The third step was to find the common variables among the subsets of spatial variables from 

vulnerability indicators and the spatial variables from recovery indicators. The fourth step is more 

pragmatic, but may sometimes limit the methodology and the respective results significantly: it is an 

investigation of the availability of data needed to carry out both spatial and statistical analyses and, 

subsequently, to determine the most suitable techniques in both cases.  

This methodology brings us to some partial results, in which some indicators have been identified. 

Nevertheless, for the purpose of this study only indicators related to urban facilities and land use were 

considered due to their relation with the connectivity index.  

 

In the course of the MICRODIS project, the new settlements to which homeless people from L’Aquila 

were relocated were geo-referenced. MICRODIS [34] extracted data from a housing demand census, 

where 153 people from different households were requested to rank their preference of searching for a 

new settlement. The MICRODIS project compared the number of families located in sites that were not in 

their first choice, and also interviewed people, who considered the site in which they were relocated, as 

the worst option and were currently looking for a new place to live. Based on the data collected and 

processed, they developed the index of site preference. The households were relocated in the new 

settlements, far away from their former houses, because they were originally located inside the restricted 

zone. 

The hypotheses to be tested states that while the connectivity between the new settlements and the inner 

city in L’Aquila decreases, the number of people who prefer to search for new accommodation increases, 

not only in the city but also in other cities in the region. The distance decay function states that while the 

distance to a destination increases, the interest to reach this point decreases. Spatial connectivity is 
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defined as an indicator made up of variables such as distance, travel time, quality of the public transport 

(number and reliability of frequencies), which guarantee the access to other people, services [27] and 

opportunities to commute between the new settlements and the inner city; however, the data analysis is 

based on the distance and the travel time because there is not enough information available about the 

frequencies of public transport in this area. In spite that at a first glance distance and travel time are 

almost the same, it is important to observe that while distance is a fixed variable, only influenced by the 

topography of the terrain, the travel time can change according to the number of buses and the reliability 

on the bus frequencies, conditions of the roads, speed limits, characteristics of the car, the ability of the 

driver and the specific conditions of the mobility in the region.  

During the fieldwork carried out in April, 2010, according to the experience of the authors, it was possible 

to assert that the public transport service was scarce, the frequencies were low (as presented in figure 5), 

and  its regularity not reliable, and hence the accessibility to new settlements depend mainly on private 

transport. 

 

# Fig. 5 about here # 

 

In the case of L’Aquila, the entire historical city center was formerly also the central business district of 

L’Aquila.  This area was cordoned off and residents can only visit their houses occasionally for short 

durations. The land use and the restricted area in L’Aquila are shown in figure 6 and pictorially in figure 

7. 

# Fig. 6about here   # 

# Fig. 7 about here # 

Based on data collected during the MICRODIS project using GPS devices, the locations of the new 

settlements were obtained. The shape file containing these new locations was exported into a Google 

Earth format (KMZ) file. The nearest road to the settlement was identified in Google Maps using not only 
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the vector road network overlaid to the satellite images, but also interpreting the satellite images, 

supported by the knowledge acquired during the fieldwork. Subsequently, the respective distances and 

travel times between the 19 new settlements and the inner city of L’Aquila city were estimated, taking the 

access to each new settlement as the origin point. The selected destination point was the Piazza del 

Duomo, due to its nodal character, being the center of economic activity for the city and even the region. 

A node is defined as a strategic point in a city which people can enter and have access to, or find transport 

[35] to reach several other places. It is a place characterized as a large palette of different activities. 

Figure 8 shows an example of how the distance between Cese di Preturo (new settlement) and Piazza del 

Duomo was estimated. In cases, when there was more than one suggested route with two or more 

distances and travel times from the origin to the destination point, the shortest distance and travel time 

were selected.  

# Fig. 8 about here # 

# Fig. 9 about here# 

 

Piazza del Duomo was selected as a destination point due to its geographical centrality of the study area. 

Furthermore, it is almost an equidistant point to all new settlements, and the business center of L’Aquila 

used to be located around this main square as shown in figure 9. Today, it is bordered by the restricted 

area, as depicted in figure 8. The number of people in each settlement who prefer to search for another 

place in each new settlement is displayed in figure 10. The results comparing the values of distance and 

travel time, to the number of people who prefer to search for another site for every settlement are 

presented in table 1. 

 

# Fig. 10 about here # 

# Table 1 about here # 
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4. RESULTS 

We can express the relationship between variables statistically by looking at two measures: covariance 

and the correlation coefficient. Before conducting the correlational analysis, we used a matrix scatterplot 

to interpret the general trend of the data, comparing the number of people with the preference of searching 

for another place in each new settlement to the distance, and the travel time to go to the inner city.  

 

# Fig. 11 about here # 

The resulting matrix scatterplot is depicted in figure 11. From this matrix it is possible to observe that the 

number of people with the preference of searching for another site increases with the distance. Prolonged 

travel times required to commute between the new settlements and the inner city of L’Aquila yield the 

same results. Logically, the distance and the travel time are directly related.  

 

Since the correlation to be tested is between two variables, thus being the number of people with the 

preference of searching for another site against distance, and the number of people with the preference of 

searching for another site against travel time, bivariate correlation is used [36]. The test will be one-tailed 

for each hypothesis related to the connectivity: “the greater the distance between the new settlements and 

the inner city of L’Aquila, the higher the number of people who prefer to search for another site”, and 

“the longer the travel time between the new settlements and the inner city of L’Aquila, the higher the 

number of people who prefer to search for another site”. Considering the fact that this study deals with 

parametric data, Pearson’s correlation is applied.  

 

In spite that the correlations are a powerful research tool, it is still essential to perform a regression 

analysis in order to test the predictive power of the variables chosen. The correlation coefficient does not 
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give any indication about causality; therefore, the coefficient of determination R2 is used to measure the 

amount of variability in one variable, which is explained by the other [36]. 

 

At a first glance at the data, it was possible to demonstrate the correlation between the number of people 

who prefer to search for another site and the distance and travel time between the new settlements and the 

inner city of L’Aquila using the matrix scatterplot depicted in figure 11. Limtanakool, N. et al. [27] also 

identified a set of variables, which can influence the mode choice for medium and longer-distance trips 

(longer than 50 km), such as the socio-economic characteristics of travelers, the spatial configuration of 

land use, and the transport infrastructure at the origin and destination, among others. These variables can 

also influence not only the preference of searching for another site, but also the spatial connectivity in the 

case of L’ Aquila. Gender, age, household structure, income, education level, and car availability are 

some of the socio-economic characteristics that can influence the preference of searching for another site, 

and they can be considered for further research. Along the same line, density, proximity to infrastructure, 

and land use diversity can influence connectivity, since aspects such as higher population densities mean 

high demand for public transport, and hence better-developed public transport networks. Additionally, 

higher densities and closer facilities ease the access to public transport, encouraging the use of public 

transport [27]. Unfortunately, this is not the case in L’Aquila, where neither the density of new 

settlements is high, nor the facilities in close proximity to them. 

Regarding the land use diversity, Cervero and Kockelman [27] reached the conclusions that the use of 

public transport encourages land use mixing. The easy access and egress time from the railway station or 

the bus stop to a variety of land uses make transit attractive not only for working, but also for leisure trips. 

Maybe these results contribute to the idea that scarce public transport does not encourage the location of 

services, facilities, amenities or sources of employment around the new settlements in L’Aquila; however, 

it could be the other way around, that the lack of land use diversity makes the investment on improving 

the public transport unattractive. 
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4.1. Correlation analysis  

 

# Table 2 about here # 

 
In table 2 can be observed that each variable is perfectly correlated with itself and it appears in the table 

as r =1 along the diagonal of the table. The number of people who prefer to search for another site is 

positively related to distance with a Pearson correlation coefficient of r=0,71. The output also shows that 

the number of people with the preference to search for another site is also positively related to the travel 

time, with a coefficient of r=0,76. In both cases, there is less than ,01 probability that a correlation 

coefficient this large would have occurred by chance in a sample of 153 people interviewed in 19 new 

settlements (as indicated by the asterisks after the coefficient). This significant value tells us that the 

probability of this correlation being a coincidence is very low, in fact close to zero. There is a genuine 

relationship between the number of people who prefer to search for another site and the distance and 

travel time between the new settlements and the inner city. 

 

 

 

4.2. Regression analysis  

4.2.1. Distance against preference to search for another site 

 

# Table 3 about here # 

The summary of the model provided by SPSS is presented in table 3. This table presents the value of the 

correlation coefficient or R and the derived R2 for the model. For the regression of distance against the 

number of people who prefer to search for another site, R has a value of 0,71. The value of R2 is 0,518 
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which demonstrates that the distance between the new settlements and the inner city accounts for 51,8% 

in the preference of people to move to another place; in other words, to explain the reason why some 

people are searching for new places to live, it is necessary to have a look at the distance that they have to 

travel every time that they need to go into the inner city. There could be other reasons to explain that 

preference, however, this model which includes only the distance from the new settlements to the inner 

city, can account for almost 52%. This means that the remaining 48% must be explained by the 

previously mentioned reasons such as the stagnation of the economy, the lack of sources of employment, 

the lack of enough urban facilities, services or amenities or the desire to go back to live at the city center. 

 

 

4.2.2. Travel time against preference to search for another site 

 
# Table 4 about here # 

 

For the regression of travel time against the number of people who prefer to search for another site, table 

4 shows an R value of 0,76 and the value of R2 is 0,584 which demonstrates that the travel time between 

the new settlements and the inner city accounts 58,4% of the preference to move to another place. This 

means that 41,6% of the people with a preference to search for another site can be put down to the 

previously mentioned variables. 

If a regression analysis between the variables travel time and distance is performed, table 5 shows that the 

R2 is 0,704, which tells us that distance can account for 70,4% in the variation of the travel time, as it is 

presented in table 5. This means that 29,6% of the travel time must be explained by the influencing 

factors mentioned at the beginning. According to [27] Koppelman includes the travel time in its study 

about mode choice for inter-city travel. Bel concludes that adding travel time considerations improves the 

explanatory power of the model for inter-city mode choice, and hence he recommends taking this factor 
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into account in order to study the demand for inter-city travel, which is almost the current situation of 

L’Aquila taking into account the long distances between the inner city and the new settlements [27]. 

 

# Table 5 about here # 

 

 

5. DISCUSSION 

It was mentioned in the methodology section that the correlation coefficient is a measure of the linear 

relationship between variables; however, it does not show any indication of causality. In this case, 

although it is possible to conclude that the preference to search for another place increases when the 

distance and travel time from the new settlements to the inner city also increase, it cannot be said that the 

long distances and long travel time cause the desire to move to another settlement, to the inner city or 

even far from L’Aquila. It is important to take into account two reasons: the third-variable problem and 

the direction of causality. 

Any bivariate correlation causality between two variables can be assumed, on the account that there could 

be several additional variables affecting the result, and these variables had not been considered in this 

study. In this case, the low and not reliable frequencies of the public transport, the lack of sources of 

employment, the lack of urban facilities, services or amenities, or even the desire to go back to live at the 

city center can be further variables which may influence the preference of residents to search for another 

site. In fact, it is a perfect example of the third-variable problem or the tertium quid, which can be 

considered in further research. 

In the case of the direction of causality, the correlation coefficient does not indicate which variable causes 

the other to change. It is not possible to assume that the correlated variables, distance and travel time, are 

the only important ones. Correlation never indicates in which direction the causality operates as such, 
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however, intuition allows us to conclude that long distances and long travel times encourage the 

preference of residents to search for another site. On the other hand, there is no statistical reason to 

assume a connection in the other direction and why the preference to search for another site, encourages 

people to live as far as possible from the inner city of L’Aquila. In spite that the latter conclusion does not 

make sense because the central business district and hence the urban facilities required in a human 

settlement is located in the inner city, which is currently the main reason for residents to search for 

another site to live,  the correlation does not prove that it is not true. There is no reason to assume that all 

people want to move closer to the central business district, but at least have urban facilities and amenities 

around. This statement is done based on the fact that Sant’Antonio, the closest settlement to the core city  

and the only new settlement which has around more than two bus stops, one primary school, one bar, two 

parks  and one sport center; this settlement shows the lowest preference to search for  another site, as table 

1 shows. Additional research, based on the secondary data collected by the MICRODIS project, 

considered the relative importance of urban facilities according to three categories of users: older people 

(65 years and above), family (people with children, aged 19 to 64 years) and young people (aged 15 to 18 

years); and related those with connectivity. The findings reveal that, on a scale from 1 to 10, bus stops are 

more important for older people (10), followed by young people (8) and people with family (6), in spite 

that when people grow older, they switch from bus trips to private car trips [27], when they are not public 

transport “captives” e.g. people who do not have a driver license and/or car [32], and taking into account 

the low and not reliable frequencies of public transport, as well as the distance to the inner city. 

Another example of causality lies in the fact that perhaps the connectivity is not improved because there 

is no interest or reasons to improve it. As the former central business district in L’Aquila is still cordoned 

off and the activities which used to take place there have provisionally moved away to other places in the 

city, in dispersed form and in lesser number, or even to other cities in the province or region, however, 

not to the new settlements or their close proximities. In fact, they were relocated around the restricted 

zone as it is portrayed in the pictures in figure 12. 
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# Fig. 12 about here # 

 

It is important to differentiate the acceptance of the hypothesis, and the assessment of specific progress in 

the recovery, for the case study area. The original hypothesis is: “if the connectivity decreases, the 

satisfaction with the location of new settlements also decreases and the preference of searching for new 

accommodation is higher, not only in the city but also in other cities in the region”. Connectivity was 

selected as the spatial indicator to be developed because it is an indicator in the physical dimension, 

which also influences –and reflects - the social and the economic situation. To support the selection of the 

hypothesis and the indicators, previous research carried out by authors such as Kevin Lynch [30], 

Limtanakool et al. [27] and Sterrett et al. [29], was considered. Rather than addressing the topic of 

recovery after an earthquake, these authors tackle the topics of urban structure and the relation between 

socio-economic disconnection and physical disconnection, respectively, and recovery is the 

rearrangement of the urban structure based on socio-economic and physical connections. 

 

The acceptance of the hypothesis allows the consideration of spatial connectivity as an indicator of 

recovery, and applies this indicator for measuring the progress of the recovery in L’Aquila.  

 

In this sense, according to the results of the logistic regression analysis, at least in regard to distance, it is 

possible to accept the hypothesis. Having connectivity as indicator, and using the same data to test the 

hypothesis, it is possible to measure the spatial connectivity of the recovery in L’Aquila, however, the 

results are poor, and it is possible to conclude that the progress of the recovery in L’Aquila is still low in 

the economic and social dimensions. There was no information available about population in each new 

settlement to model the load of each sector. However, it would be interesting to conduct further research 

once the data for modeling the pattern of the traffic flow and including it in a connectivity index, as well 

as testing the prediction power of this indicator for the preference of moving to another place is available. 
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Another issue for further research is the lack of urban facilities in the new settlements, which, according 

to Tierney, can be put down to the following statement: [10]“communities without businesses providing 

economic opportunities, jobs, goods, and services will in short order lose their populations”. This is 

already happening in L’Aquila because the former central business district is part of the restricted area, 

and therefore closed. There is currently no predictable date in sight for it to be reopened, due to the strong 

and expensive scaffolding, which supports the damaged buildings to prevent collapsing when people are 

walking in close distance. An opposite approach can be observed in the recovery process after the 

earthquake in Mexico in 1985: rather than orientating their efforts to provide housing, the government 

worked towards the restoration of the economic services and activities. As a consequence shelter was 

considered a minor issue to be resolved and homeless people rejected decisions while complicating the 

distribution of the scarce resources since the government had not accepted foreign financial support [13]. 

According to previous experiences of recovery after earthquakes in Italy, the disasters exacerbate 

previous conditions, and while rich areas were successful in their recovery process, areas facing economic 

problems before the event had gained even more problems due to the event [37]. L’Aquila belongs to the 

latter category and according to David Alexander [4] there is a backwater in the economy and therefore 

recovery will be a slow process. 

One of the emergent problems since the early recovery phase in L’Aquila was the degradation of the 

infrastructure, services and loss of productive employments [4]. The city center is decaying behind the 

cordons and electro-soldier scaffold, while buildings that in past times hosted banks, hotels, stores and so 

on, remain empty. Nevertheless, this is an example of a chicken-and-egg problem. It is not possible to 

contend if the spatial connectivity is deficient due to lacking activities in the city center; or if the 

connectivity problems do hamper the recovery of the city center. In fact the inactivity of the city center 

itself is an indicator with negative value of the progress of the recovery in L’Aquila. In this paper, Piazza 

du Duomo was selected as the destination point; nevertheless, other nodes such as the University of 
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L’Aquila, which is the main employer in the region, can be used as destination point during further 

studies. However, the question is: which one comes first? - The spatial connectivity or the sources of 

employment and/or urban facilities? This is not an easy question to be answered, when there is no pre-

impact recovery plan in place, or when the recovery plan is not formulated in a participatory way. 

Other reasons for residents to search for another site, besides the employment reduction is the decrease in 

the economic activity, the limited fiscal incentives for employment and the lack of urban facilities around 

the new settlements. Large numbers of professional people have left the area, the enrolment at the schools 

have decreased and the enrolment fees of the university have been suspended [4]. Due to these aspects, 

and with a reduction in the number of inhabitants, it is not possible to talk about advance or success in a 

recovery process. According to Carola Hein [38] the creation of new towns was a recovery strategy 

during the postwar period; nevertheless, the declination in urban population, limited the new 

developments to the already existing lands. This experience demonstrates the dubious success of the 

urban recovery strategy in L’Aquila, where people were sent out of the inner city to new settlements, 

although the urban population was already declining before the earthquake. 

Besides improving the connectivity it is urgent to reactivate the central business district in the inner city 

of L’Aquila as soon as possible, in order to have people, services [27] and opportunities as reasons to 

commute, according to the definition of the spatial connectivity indicator. It is a play of synergies, if the 

central business district is active again, many sources of employment will appear, people will have 

reasons to stay in L’Aquila, and eventually the economy will start to function again. This is the only way 

to achieve an effective recovery, rather than simply providing housing for the homeless, because if people 

have housing but no employment then they have to leave the city anyway, and as it was stated before, 

without people, there is no city, there is no recovery. 

Unfortunately, previous global experiences demonstrate that missed opportunities to improve resilience 

and capacity building, also constitute opportunities for the emergent vulnerability [39]. The degree of 

damage caused by the L’Aquila earthquake shows that the area is located within a highly vulnerable zone 
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[40], and the results of the recovery presented in this study demonstrate that emergent vulnerability in 

social, economic and institutional dimensions is still not properly addressed by the Italian Government. 

 

 Miles & Chang (2003) [10] have started a research project aimed at optimizing the recovery process 

through organizational and communal decision-making in relation to interdependencies among 

infrastructural elements, households, neighborhoods, businesses, and local economies. Hein [38], based 

on the reconstruction case after the Great Kanto earthquake, argues that urban change and development 

depends on both private and public intervention and interaction, besides the current political, economic, 

social and cultural conditions. This strategy would have been a good option, in the case of L’Aquila, 

where the decisions have been solely in the hands of the government represented by the national 

Department of Civil Protection (DPC) [40] in the middle of an economic crisis, taking advantage of the 

lack of the political weight of L’Aquila [41]. All the problems to be solved related with the recovery 

itself, and with the decision-making process could have been avoided or at least better managed, having 

formulated a Pre-impact Recovery Plan [10], as it has been done by cities such as Los Angeles (USA) 

[42] and Bogotá D.C. (Colombia) [43]. Pre-impact Recovery Plans are key components of the planning 

and foresight methodologies for emergency preparedness and management.  

 

 

 

6. CONCLUSIONS 

In spite of the fact that the earthquake occurred three and a half years ago, and big advances have been 

made in respect to housing, it is possible to state that L’Aquila is still in an early recovery phase [44], 

phase II [20], or restoration [45], [46], [47]. The relocation of most of the homeless people after the 

earthquake is not a proof of recovery; in successful recovery cases such as Kobe, the community was 

asked to identify the essential factors to promote recovery, and in spite that housing was at the first place, 

other factors such as social ties, community rebuilding, physical and mental health, preparedness, 
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economy, livelihood,  economic and financial situations, and relationship to government were also 

considered determinant for the promotion of the recovery [48]. In the case L’Aquila, a large degree of the 

economic activities take place in the central business district, which it is still located in the cordoned-off 

area. 

Even though the housing issue appears to be solved at first glance, which is a characteristic of the 

recovery phase, the problems with urban services, facilities, amenities and transport are yet to be solved 

[47] the topic of this paper, besides addressing the problems with the management of rubble in the city 

center. It is possible to state that rather than determining recovery phases according to periods of time, 

they must be characterized according to activities, variables or indicators. Every recovery case is different 

according to the financial resources available, the political context, the degree of resilience and the 

vulnerability level existent before the event. As described in the introduction, the vulnerability level in 

L'Aquila was very high, which possibly explains the low advance in its recovery process. 

 

Reducing the set of indicators to the indicators represented in a spatial context and the indicators with 

common features of vulnerability and recovery indices – as suggested in our methodology – bears the risk 

of ignoring some important single indicators. Nevertheless, the added value of using indicators based on 

spatial variables for monitoring and evaluating a recovery process relies on the opportunity of planning 

during the early recovery, and then visualizing the progress of the recovery to the community. Spatial 

indicators facilitate a participatory process, which is a key issue in a successful recovery [48], and has 

been totally lacking in the case of L’Aquila [7]. Authors such as Frandberg and Vilhelmson (2003) 

observed that personal mobility is an important aspect in the spatial transformation of developed 

economies [27]. 

 

In this methodology we argued for spatially explicit indicators. In most cases they rely on physical 

aspects whereas the recovery indices must look beyond the physical aspects in order to reflect the social 
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and economic conditions of people throughout the recovery process [33]. In this present research, it was 

found that spatial connectivity can be a physical indicator, which contributes to describe quantitatively 

parts of the dynamics in social, economic and even institutional dimensions, affecting the whole recovery 

process. In spite that it is difficult to probe the relationship between the physical dimension and the social 

and economic dimensions, it is necessary to recognize that the progress in the physical dimension is 

essential in order to promote the progress in the other ones. 

 

The correlation analysis demonstrates that there is a positive correlation between the preference to search 

for another site and distance. For travel time, the regression analysis confirmed that distance and travel 

time largely explains the preference of residents to search for another site. 

 

In summary, the spatial connectivity made up of distance and travel time counts for 55% in the preference 

of people to move to another place, which proves that in spite not being the predominant factor in the 

level of dissatisfaction with the new settlements, it is still an important aspect.  

 

As it was stated by Peacok et al. [31] the possibility to carry out normal activities is a fundamental aspect 

in order to evaluate the success of a recovery process, and this depends to a large degree on the spatial 

connectivity into the urban settlement. Cassidy claims that if the temporary housing is located in a 

peripherial area, a frequent and cheap bus service is necessary [49]. The importance of the spatial 

connectivity lies also in the fact that rebuilding a city implies reconnecting the social networks embedded 

in schools, offices, sport facilities, supermarkets, theaters, churches and so on. Trying to connect the new 

settlements, called “towns” [6] for some authors, or “villages” for other others, to the core city cannot be 

achieved simply just building by building, it must be done neighborhood by neighborhood, and district by 

district [47]. People accepted to stay in the new settlements because they became homeless after the 

earthquake, and they still do not have any other housing option, since the second phase of reconstruction 

has not yet begun. Rather than waiting for the begin of the new phase of reconstruction, some inhabitants 
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of L'Aquila are considering the possibility of emigrating to other cities, taking into account the problems 

in the new settlements and the economic stagnation of the city. Nowadays the archaeologist Salvatore 

Settis calls L'Aquila, "the Pompeii of the 21st century" and Eva Clausen a “ghost city” [50].  

 

When authors such as Hogg [46] and Karatani & Hayashi [20] describe the specific recovery process 

under study, they divide the post-disaster period in four phases. UN [44] also divide this specific period in 

four phases.  However all of them suggest different time slot for each phase that also each author 

denominates in different form. In the present research, it is concluded that taking into account that these 

phases does not have crisp boundary, rather to limit each phase to a period of time, it is better to do it 

according to the goal achieved in the area affected by the earthquake. Nevertheless, it is considered that 

there must be specific times in the post-disaster period to make an assessment based on indicators, in 

order to determine the stage of the recovery process achieved. One of those indicators is the spatial 

connectivity and the specific time to assess the recovery process after the event is one year, three years, 

five years and 10 years. This specific times have been taken of the times period suggested by the authors 

mentioned previously. It is not necessary to carry out more frequent measurement, because a recovery is a 

complex multidimensional process in which the changes only can be appreciated with the time. 

 

Based on previous experiences on a global level and in Italy, we conclude that the problems with urban 

services, facilities and transport described above usually come from the lack of community involvement 

in the recovery plan and its implementation. In the case of L’Aquila the opportunity to improve the 

resilience and the local capacity, the capacity to cope and recover [51] was missed due to the 

overwhelming force strategy applied by the government to respond to the emergency [4]. Hein [38] 

considers, that in order to implement a successful reconstruction plan, this must not only involve citizen 

participation, but also consider the surroundings affected in a secondary way, as in the case of the 

reconstruction of Kobe after 1995. Nevertheless, European cities do not have many opportunities for 

physical change, due to stone-building culture and the desire to retain the past. However, the case of 
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L’Aquila could offer an opportunity to demonstrate the importance of considering the recovery as a 

holistic process in space, with variables as spatial connectivity, in the physical dimension, but also 

connected to the social, economic, cultural and environmental aspects in a synergetic way. In the same 

way, L’Aquila is an example that recovery needs to regarded as part of disaster risk management 

activities, in which prevention and attention play a central role, in order to develop policies such as a pre-

impact recovery plans reducing the need for intervention once a disaster occurs. 
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Figure Captions 

Figure 1 L’Aquila (Italy); a) location. Source: Google Earth and b) Map of ground motion intensity 

during the earthquake in L’Aquila (Italy). Sources:USGS. 

Figure 2  Degree of damage and its spatial pattern in L’Aquila after the earthquake in 2009. Based on 

“Individuazione aree con fattibilita” a breve termine citta’ di L’Aquila”. Noi Abruzzo No. 1, March 23, 

2010. Servizio per l’informazione Territoriale e la Telematica – Ufficio Sistema Informativo Geografico – 

Regione Abruzzo.  

Figure 3 Location of new settlements, inner city and old town in L’Aquila  - Italy.  Based on 

“Individuazione aree con fattibilita” a breve termine citta’ di L’Aquila”. Noi Abruzzo No. 1, March 23, 

2010. Servizio per l’informazione Territoriale e la Telematica – Ufficio Sistema Informativo Geografico – 

Regione Abruzzo. MICRODIS Project – Commission’s Sixth Framework Programme. 

Figure 4 Traffic jam on the way to the former central business district in L’Aquila (Via XX Settembre). 

(Diana M. Contreras M.) 

Fig.5 Frequencies of the public transport to the new settlements located in the west of the inner City of 

L’Aquila. April 6th, 2010. Frequencies every 40 minutes between 7:00 to 20:00. 

Figure 6 Land use classification before, and cordoned off - restricted area after the earthquake in L’Aquila 

(Italy). Adapted from Servizio per l’informazione territorial e la Telematica  - Ufficio Sistema 

Informativo Geografico-Regione Abruzzo. Land use classification before the earthquake, and restricted 

area afterwards in L’Aquila (Italy). Adapted from Servizio per l’informazione territorial e la Telematica  - 

Ufficio Sistema Informativo Geografico-Regione Abruzzo.  
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Figure 7  Cordoned off area in the former business center of   L'Aquila city (Italy). April 6th, 2010 (one 

year after the earthquake).  

Figure 8 Distance and travel time estimation exercise between Cese di Preturo (new settlement) and 

Piazza del Duomo in L’Aquila (Italy); a) vector road network; b) vector road network overlaid to the 

satellite images; c) Reference Point in Cese di Preturo; d) Reference point in Piazza del Duomo. 

Figure 9 Piazza del Duomo in L'Aquila city (Italy). April 6th, 2010.  

Figure 10 Preference to search for another site in the new settlements.  

Figure 11 Matrix scatterplot of preference to search for a new site, distance and travel time to the inner 

city in L'Aquila (Italy).  

Figure 12 Provisional urban facilities around the restricted zone in L’Aquila (Italy); a) Cash machine; b) 

Post-office and c) Psychological counseling center and psychotherapy. (Diana M. Contreras M.) 

 

 

 

 

 

 

Table Captions 

Table 1 Distance and travel time compared with the number of people with the preference to search for 

another place in each new settlement. 

Table 2 Output from SPSS for the Pearson's correlation between the preference to search for another site 

and the distance and travel time between the new settlements and the inner city in L’Aquila. 
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Table 3 Output from SPSS for the simple regression analysis between the dependent variable: preference 

to search for another site and the independent variable: distance between the new settlements and the 

inner city in L'Aquila. 

Table 4 Output from SPSS for the simple regression analysis between the dependent variable: preference 

to search for another site and the independent variable: travel time between the new settlements and the 

inner city in L'Aquila. 

Table 5 Output from SPSS for the simple regression analysis between the dependent variable: travel time, 

and the independent variable: distance from the new settlements to the inner city in L'Aquila. 

 

 

 



 

Fig. 1. L'Aquila (Italy); a) location. Source: Google Earth and b) Map of ground motion intensity during the earthquake in L'Aquila (Italy). Sources: USGS. 

 



 

 

Fig. 1 (continued). 

 

 

 

 

 

 



 

Fig. 2. Degree of damage and its spatial pattern in L'Aquila after the earthquake in 2009. Based on “Individuazione aree con fattibilita” a breve termine citta' di 

L'Aquila”. Noi Abruzzo No. 1, March 23, 2010. Servizio per l'informazione Territoriale e la Telematica – Ufficio Sistema Informativo Geografico – Regione Abruzzo. 

 

 

 



 

 

Fig. 3. Location of new settlements, inner city and old town in L'Aquila — Italy. Based on “Individuazione aree con fattibilita” a breve termine citta' di L'Aquila”. Noi 

Abruzzo No. 1, March 23, 2010. Servizio per l'informazione Territoriale e la Telematica – Ufficio Sistema Informativo Geografico – Regione Abruzzo. MICRODIS 

Project — Commission's Sixth Framework Programme. 

 

Fig. 4. Traffic jam on the way to the former central business district in L'Aquila (Via XX Settembre). (Diana M. Contreras M.). 

 



 

 

Fig. 5. Frequencies of the public transport to the new settlements located inthe west of the inner City of L'Aquila. April 6th, 2010. Frequencies every 

40 min between 7:00 and 20:00. 

 

 

 



 

Fig. 6. Land use classification before, and cordoned off - restricted area after the earthquake in L'Aquila (Italy). Adapted from Servizio per l'informazione territorial 

e la Telematica — Ufficio Sistema Informativo Geografico-Regione Abruzzo. Land use classification before the earthquake, and restricted area afterwards in 

L'Aquila (Italy). Adapted from Servizio per l'informazione territorial e la Telematica — Ufficio Sistema Informativo Geografico-Regione Abruzzo. 

 

 

 

 

 



 

Fig. 7. Cordoned off area in the former business center of L'Aquila city (Italy). April 6th, 2010 (one year after the earthquake). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. 8. Distance and travel time estimation exercise between Cese di Preturo (new settlement) and Piazza del Duomo in L'Aquila (Italy); a) vector road network; 

b) vector road network overlaid to the satellite images; c) Reference Point in Cese di Preturo; d) Reference point in Piazza del Duomo. 

 

 

 

 

 

 

 

 

 

 



 

Fig. 8 (continued). 

 

 

 



 

Fig. 9. Piazza del Duomo in L'Aquila city (Italy). April 6th, 2010. 

 

 

Fig. 10. Preference to search for another site in the new settlements. 



 

Fig. 11. Matrix scatterplot of preference to search for a new site, distance and travel time to the inner city in L'Aquila (Italy). 

 



  
Fig. 12. Provisional urban facilities around the restricted zone in L'Aquila (Italy); a) cash machine; b) post-office and c) psychological counseling center and 

psychotherapy. (Diana M. Contreras M.). 



 

Table 1. Distance and travel time compared with the number of people with the preference to search 

for another place in each new settlement. 

 

 

Table 2 Output from SPSS for the Pearson's one-tailed bivariate correlation between the preference to 

search for another site and the distance and travel time between the new settlements and the inner city 

in L'Aquila. 

 

 

 



 

 

 

 

Table 3. Output from SPSS for the simple regression analysis between the dependent variable: 

preference to search for another site and the independent variable: distance between the new 

settlements and the inner city in L'Aquila. 

 

 

Table 4. Output from SPSS for the simple regression analysis between the dependent variable: 

preference to search for another site and the independent variable: travel time between the new 

settlements and the inner city in L'Aquila. 

 



 

Table 5. Output from SPSS for the simple regression analysis between the dependent variable: travel 

time, and the independent variable: distance from the new settlements to the inner city in L'Aquila. 


