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A B S T R A C T   

A disaster has a considerable impact on people who have lost their homes. We analyzed the life 
satisfaction of displaced people accommodated in temporary housing after three strong earth
quakes that occurred in Italy in 2009 (Abruzzo), 2012 (Emilia), and 2016–17 (Central Italy). 
Information was obtained through an anonymous survey on a large number of variables related to 
socio-demographic features, temporary housing type and quality, social support and protection 
network, personal psychological resources and preparedness, and psychophysical health. Re
sponses were collected through face-to-face and telephone interviews, stand-alone paper-and- 
pencil questionnaires, or online (N = 261). In the whole-sample analysis, the significant pre
dictors of life satisfaction were earthquake preparedness, which earthquake out of three was 
experienced, protection network, accommodation type and quality, and general health status, 
thus highlighting the complex and multi-faceted nature of the underpinnings of life satisfaction in 
people displaced after an earthquake. However, different predictors explained life satisfaction in 
the analysis of each earthquake, pointing to the need to consider their specificity and the local 
context. Nevertheless, the perceived quality of the accommodation was a significant predictor 
both in the whole-sample analysis and in the analysis of two earthquakes (2009 Abruzzo and 
2012 Emilia), highlighting the importance of providing temporary houses with appropriate 
properties (privacy, space, thermal and acoustic insulation, light, quality of materials, sur
roundings) and placed in locations that allow the resumption of life activities (e.g., education, 
work, socialization, health and public facilities and services).   

1. Introduction 

The occurrence of a disaster of civil protection interest, whether of natural or anthropogenic origin, has an immediate, massive 
impact on the population affected, firstly in terms of victims and injuries, and secondly in terms of people who have lost their homes 
and have to be accommodated in temporary housing. The present study aims to contribute to the understanding of factors that predict 
life satisfaction during the temporary housing stay following a natural disaster, which can inform post-disaster interventions and 
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policies. 
Long-term stays in temporary accommodations are often accompanied by discomfort and adverse effects [1–4]. People in tem

porary accommodations may experience distress, which can result in lower levels of life satisfaction, and this effect may persist over 
time. The distress may stem from the temporary nature of their housing situation, which may make it difficult for individuals and 
families to plan for the future, re-establish life routines, and resume existing social connections or establish new ones. Moreover, the 
quality of the temporary accommodation may not be adequate in relation to the aspects supporting well-being, such as light, density, 
space, thermal and acoustic insulation, placement, and so on. The lack of stability, predictability, and quality in temporary housing 
may lead to ongoing stress and negative emotions that can contribute to a lower life satisfaction. Addressing the living conditions and 
quality of temporary accommodation is, therefore, crucial to mitigate these negative impacts. By identifying the specific factors that 
contribute to the discomfort and suffering of people living in temporary accommodation after a disaster and designing targeted in
terventions to address them, it could be possible to improve the quality of life and well-being of the affected population. 

1.1. Rationale of the study 

The present study strives to contribute to the understanding of factors that predict life satisfaction during temporary housing 
following a natural disaster. We aim to identify these critical factors in order to prevent or mitigate the discomfort and suffering of 
people living in temporary accommodation and, by doing so, to contribute to the development of effective disaster risk management 
strategies that address the needs of affected populations in a comprehensive and timely manner. A thorough understanding of the more 
significant factors (including technical, social, and psychological ones) can help identify specific criticalities and assess their solv
ability. It is known that, in a disaster risk management cycle (including, e.g., prevention, preparedness, emergency management, and 
emergency overcoming), critical issues requiring longer-term solutions may need to be addressed in the prevention phase to increase 
the population’s resilience to disasters, even if they become evident during the emergency management phase. We, therefore, 
recognize the importance of considering a variety of variables and their temporal sequence in predicting life satisfaction during 
temporary housing. 

Interventions and strategies aimed at preventing or mitigating the discomfort related to the temporary accommodation should be 
tailored to the specific needs of the affected population. For example, along with factors such as the size and intensity of the disaster 
event, the location and extent of the affected area, the availability and quality of the infrastructure and resources, also the specific 
characteristics and needs of the affected population should be considered when planning interventions. Indeed, the factors that 
contribute to the discomfort and suffering of people living in temporary accommodation may vary depending on the specific cir
cumstances of the disaster. This requires a comprehensive and nuanced understanding of the specific challenges and criticalities that 
arise in the aftermath of each disaster, which can be informed by empirical research. 

The present study is based on the experience of the population displaced in temporary accommodation after three earthquakes in 
Italy. The proposed approach stands out as a strength in the literature since few studies have explored a comprehensive and diverse set 
of predictors of displaced individuals’ quality of life after earthquakes like the one we examined. Indeed, the study includes several 
variables of different types, such as socio-demographic, personal, structural, social, and health-related ones, which have not been 
previously considered at the same time in displaced people in other studies on earthquakes. The present study also acknowledges that 
the specific earthquake experienced may modulate the relevance of the diverse predictors of life satisfaction and aims to compare the 
predictors of life satisfaction in the three different case studies. 

1.2. Objectives of the study 

The present study has two main objectives. First, it aims to identify which variables predict life satisfaction during the stay in 
temporary housing following an earthquake. Second, it aims to compare the predictors of life satisfaction in three different case studies 
in Italy in order to understand if these variables are always the same or if they change case by case. To address these aims, four groups 
of variables associated with the time periods before, during, and after each earthquake were considered. Pre-existing variables or 
individual differences were present before the event, while earthquake consequences refer to the aftermath of the disaster. The 
temporary housing solutions represent the situation after the disaster, while the emotional and physical well-being variables measure 
the emotional consequences of such a temporary housing situation. Using a sequential set of variables is important for several reasons. 
First, it allows taking into account in a principled manner the complex relationships between various factors that predict individuals’ 
satisfaction with life during temporary housing. Secondly, it provides a comprehensive understanding of the relevant predictors 
associated with the different stages of recovery after a disaster, which can inform policies and interventions aimed at supporting 
affected individuals. Finally, it helps to identify which factors are most relevant for improving emotional and physical well-being 
during temporary housing, which can guide the development of targeted interventions and support services for disaster-affected 
communities. 

1.2.1. Variables related to pre-existing and individual differences 
Several variables related to pre-existing and individual differences are important in determining life satisfaction during temporary 

housing because they are likely to influence how individuals cope with the challenges of living in a temporary home after an earth
quake. Among these, we examined earthquake risk perception and preparedness, place attachment, general health status, resilience 
capability, and psychological vulnerability. 

Individuals who have higher levels of earthquake risk awareness and earthquake preparedness may feel more in control and better 
equipped to handle the situation, leading to higher satisfaction with their temporary housing situation [5]. For example, disaster 
preparedness had a positive effect on individuals’ happiness, life satisfaction, and the general health of households in the hardest-hit 
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areas of the Wenchuan and Lushan earthquakes [6]. Disaster risk perception was also found to mediate the relationship between 
disaster preparedness and general health, highlighting the importance of improving people’s disaster preparedness behaviors and risk 
perception to enhance their quality of life [6]. A disaster preparedness intervention was found to decrease depression- and 
PTSD-related symptoms (PTSD: Post-Traumatic Stress Disorder [7]) and increase social cohesion in two earthquake-affected com
munities in Nepal, demonstrating that disaster preparedness can improve mental health, social cohesion, and overall community 
resilience in disaster-prone areas [8]. 

Individuals who hold a strong attachment to their previous home and community may struggle with adapting to their temporary 
housing, leading to lower satisfaction. Research has shown that, in crisis conditions, place attachment can cause strain, particularly 
among those whose livelihoods and resources are threatened, making people more vulnerable to stress and affective disruptions. For 
example, in the aftermath of the Deepwater Horizon drilling and oil spill disaster, which affected coastal Louisiana communities, 
community attachment was associated with higher levels of negative affect among households involved in the fishing, seafood, and oil 
industries [9]. However, other studies show a beneficial effect of place attachment on community resilience. A sense of place was a key 
factor in promoting individual resilience and supporting community resilience in a flood-impacted rural Australian town, but a 
negative relationship between a sense of place and the desire to relocate from the community was also found [10]. 

General health status, resilience capability, and psychological vulnerability may also affect how individuals cope with the stress of 
the earthquake and displacement and, consequently, their satisfaction with temporary housing. Life satisfaction and health-related 
quality of life are strongly interrelated in the general adult population [11], showing that individuals with the lowest level of life 
satisfaction have lower health [12] but also that lower health is associated with lower life satisfaction [13]. Seemingly, according to 
emotion theories, positive emotions and relations help people build lasting resources, such as trait resilience, which in turn lead to 
desirable life outcomes. Positive emotions predict increases in both trait resilience and life satisfaction, but growth in trait resilience 
mediates the relation between positive emotions and increased life satisfaction. Life satisfaction ultimately depends on growth in trait 
resilience, which involves emotion regulation, problem-solving, and the ability to change perspective [14]. A related construct, 
psychological vulnerability, defined as a cognitive belief that one’s self-worth is dependent on the approval of others, is associated with 
negative cognitive schemas, susceptibility to stress, and has a negative impact on subjective well-being [15,16]. By examining these 
pre-existing and individual differences variables, the study aims to provide a more comprehensive understanding of the factors that 
influence life satisfaction during temporary housing. 

Fig. 1. National Seismic Hazard Map of Italy (475 years return period) [20]. The epicenters of the three earthquakes analyzed in this paper are marked with dots.  
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1.2.2. Earthquake consequences 
The earthquake consequences that were examined in this study included which earthquake out of the three examined was expe

rienced, whether participants were still residing in temporary housing and the duration of their stay in the predominant temporary 
housing. The different earthquakes examined had their own unique characteristics, such as the affected territories and the extent of the 
building damage. The available literature does not provide any direct comparison of the psychological impact of earthquakes on 

Fig. 2. Maps showing the population density (number of residents per km2) in the epicentral areas of the analyzed earthquakes: A) 2009 Abruzzo, B) 2012 Emilia, C) 
2016-17 Central Italy. Red circles have a radius of 10, 20, and 30 km from the strongest mainshock epicenters (A: L’Aquila event, April 06, 2009; B: Finale Emilia 
event, May 20, 2012; C: Norcia event, October 30, 2016). Population data from the Italian Census 2001 (2009 Abruzzo earthquake) and the Italian Census 2011 (2012 
Emilia and 2016-17 Central Italy earthquakes). Data from ISTAT (http://dati.istat.it/). 
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populations in rural, urban, or industrial areas. However, recovery challenges may differ substantially between cities and rural areas 
because losses in urban settings are concentrated within densely populated regions, and the destruction of housing not only implies a 
consequent substantial financial investment but also constitutes a central element of the urban infrastructure [17]. The present study 
focuses on the three strongest earthquakes that occurred in Italy in the last 25 years: the 2009 Abruzzo earthquake, the 2012 Emilia 
earthquake, and the 2016-17 Central Italy earthquake (Fig. 1, [18,19]. Details are available in the Supplementary Materials, Table S1). 
The peculiarity of each of these earthquakes is described hereafter. 

The duration of residence in prefabricated temporary housing has been identified as a significant factor in post-disaster psycho
logical recovery. Participants who had lived in temporary housing for a longer period of time (more than four years) showed more 
severe psychological distress compared to those who had lived in temporary housing for a shorter period (less than three years) [21]. 
By considering the three different earthquakes and the length of temporary housing, our study aimed to better characterize and un
derstand the consequences of the disaster and its impact on the living situation of the involved people. 
1.2.2.1. The 2009 Abruzzo earthquake (urban environment). The mainshock of the Abruzzo seismic sequence, a moment magnitude 
Mw 6.3 earthquake, occurred on April 6, 2009, and caused 309 fatalities (Supplementary Materials, Tables S1–S4 and Fig. S1). It struck 
the city of L’Aquila, the capital of the Abruzzo region, and the surrounding areas of the Central Apennines. Severe damage is well 
represented by a maximum observed Intensity IX–X on the Mercalli Cancani Sieberg (MCS) scale. The seismic sequence continued with 
thousands of aftershocks, 7 of which were characterized by a moment magnitude greater than 5.0 [18]. 

The Abruzzo earthquake is an example of a seismic event affecting an urban reality. In 2009, L’Aquila was a city with a population 
of about 73,000 citizens [22], to which university students from outside should be added. The distribution of the population was 
mainly concentrated near the earthquake epicenter due to the very short distance of the city of L’Aquila from it (Fig. 2A). This also 
implies that a high concentration of damage, with many structural collapses, was observed in the city and its neighborhood, while in 
the rest of the area affected by the earthquake there were only small villages, which recorded barely damaging intensity values. The 
number of unusable private houses was about 34 thousand, 21 thousand of which were heavily damaged or collapsed. 

More than 67,000 people were assisted. In the beginning, also taking advantage of the spring season, many tent camps were 
organized. They were dismantled in the following Autumn when different temporary housing solutions were adopted [18]:  

• requisition of unused apartments;  
• self-lodging financial support;  
• durable and comfortable, seismically isolated, three-story buildings with limited land consumption (Project C.A.S.E., only adopted 

inside the Municipality of L’Aquila); 
small independent timber houses, with good comfort standards and size and a relatively limited lifetime, in the order of 10 years 

(Project M.A.P.). They are usually single-family one-story houses arranged in small settlements near the original village, out of the 
Municipality of L’Aquila. 

1.2.2.2. The 2012 Emilia earthquake (industrial environment). The first mainshock of the Emilia Romagna, Veneto, and Lombardia 
seismic sequence (hereinafter 2012 Emilia; Mw 5.9) occurred on May 20, 2012, and caused 7 fatalities (Supplementary Materials, 
Tables S1–S4 and Fig. S1). It struck the central part of the Po Plain in Northern Italy (mainly the Emilia Romagna Region, and 
secondarily Lombardia and Veneto Regions). Ferrara, the nearest city, was about 30 km far from the epicenter to the East. A second 
mainshock (Mw 5.7) occurred on May 29 at about 12 km to the Southwest of the first one, and caused a further 19 fatalities. The 
cumulated damage of the two mainshocks resulted in a maximum intensity VII–VIII on the MCS scale [23], and VIII on the EMS scale 
(INGV-QUEST; [24]). 

The 2012 Emilia earthquake is an example of a seismic event affecting an area with strong industrial development. The landscape is 
characterized by an alluvial plain dotted with small centers (10,000–30,000 people each) with a strong industrial vocation, distributed 
over a large area and affected by widespread medium-low level damage (Fig. 2B). More than 460 thousand people live in this territory, 
but the number of people assisted was relatively limited, in the order of 16 thousand people, and the number of private buildings 
damaged was 15 thousand. The damage to industrial buildings, as well as rural masonry buildings for agricultural and livestock ac
tivities, was particularly heavy [18]. 

The temporary housing solutions adopted for the 2012 earthquake took into account the limited number of homeless people and 
their widespread distribution in the epicentral area. The prevailing solutions were container houses, self-lodging financial support, and 
arrangements in rented houses found by local administrations. 
1.2.2.3. The 2016-17 Central Italy earthquake (rural mountainous environment). This long seismic sequence was characterized by 
several mainshocks distributed in a North-northwest – South-southeast direction over a distance of 50 km (Supplementary Materials, 
Tables S1–S4 and Fig. S1). It caused 299 fatalities, all due to the first mainshock because, after it, most of the local population was 
accommodated in safe, temporary lodging. This mainshock (Mw 6.0) occurred on August 24, 2016, with its epicenter in Accumoli, a 
small village of the Central Apennines. Intensities up to X-XI on the MCS scale were observed [25]. On October 26, 2016, a second 
mainshock (Mw 5.9) hit an area to the North-northwest of the first mainshock, with the epicenter near the village of Visso. A few days 
later, on October 30, 2016, the strongest mainshock (Mw 6.5) occurred in an area located between the previous two mainshocks, with 
the epicenter near the town of Norcia. This event is the strongest one in Italy since the 1980 Irpinia earthquake (Mw 6.8, I0 X MCS; [26, 
27]). After this third mainshock, the seismic sequence went on with seismic events characterized by a moment magnitude lower than 
5.0 up to January 18, 2017, when four shocks ranging from Mw 5.0 to Mw 5.4 hit the southernmost part of the area already interested 
by the seismic sequence. 

The 2016-17 Central Italy is an example of an earthquake that hits a mountainous environment with a predominantly rural 
vocation. The affected area mainly falls within the Central Apennines chain, characterized by small municipalities, each formed by 
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several localities and several sparse houses, and by a relatively low population density (in the order of 15 people per square kilometer, 
whereas about 200 is the mean national value [28]; Fig. 2C). For this reason, although the impacted area was really large, covering part 
of 4 Regions (Lazio, Abruzzo, Marche, and Umbria), the maximum number of assisted people was about 31,000, almost half of the 
maximum number of assisted people during the 2009 Abruzzo earthquake. 

Summarizing, the 2016–17 earthquake essentially affected small villages, which displayed the greatest destructive intensities, and 
only some small towns, which showed damaging but not destructive intensity values. Due to the extension of the impacted area, 
however, the number of private buildings damaged reached 80 thousand and is the highest among the three earthquakes considered. 
The temporary housing solutions adopted were very diversified. They included hotels, container homes, self-lodging financial support, 
and small independent prefabricated houses with good comfort standards and size and a limited lifetime. 

1.2.3. Temporary housing situation 
The study included several variables related to the type and perceived quality of temporary accommodation and social support. 

Considering these variables is important because they can influence the psychological well-being of individuals who have experienced 
a disaster and are living in temporary housing, thus affecting their life satisfaction. 

The quality of temporary housing, the type of accommodation, and the density of living conditions can all impact an individual’s 
sense of comfort, safety, and stability, which can, in turn, affect their emotional and physical health and life satisfaction. Higher levels 
of housing satisfaction contribute to higher overall life satisfaction. Factors such as better structural quality, ownership, and lower 
person-per-room ratios were positively associated with higher housing satisfaction [29]. Therefore, housing satisfaction is an 
important factor in overall life satisfaction and is related to both the characteristics of the dwelling unit and the surrounding 
environment. 

In addition, the level of social support that an individual receives can play a critical role in their recovery process [30,31]. Feeling 
supported and connected to others can provide a sense of nurturance and belonging during a stressful and uncertain time [32]. Holding 
more ties may offer more resources for mutual advantage and support in case of crisis and disasters [33]. For example, the resources 
that an individual can draw on through her or his social network and the extent of the protection net can partly explain the differential 
rates of community recovery, as was the case for the major earthquakes in Kobe, Japan (1995), and Gujarat, India (2001). In the 
aftermath of a disaster, social capital can serve as a buffer against negative outcomes [34]. 

Understanding the impact of variables related to the quality of temporary housing and to social support and protection on the well- 
being of individuals in temporary housing can inform interventions and policies aimed at fostering their recovery and promoting 
resilience. 

1.2.4. Emotional and physical well-being 
Our study considered several emotional and physical well-being variables related to the earthquake experience and temporary 

housing displacement. These variables include post-traumatic stress-related symptoms, health impairment as a consequence of the 
disaster, experience with death and suffering as a consequence of the disaster, and emotional well-being after the event. 

Earthquakes are often associated with post-traumatic stress-related symptoms [35], which, in turn, are associated with lower levels 
of life satisfaction [36]. It is important to consider this variable because it may provide insights into the emotional impacts of the 
earthquake and temporary housing displacement on individuals. 

Likewise, health impairment as a consequence of a disaster was also a significant predictor of life satisfaction in previous research, 
although to a small extent, considering that other factors, such as demographic variables, seem to have a greater impact [37]. 
Measuring the level of health impairment subsequent to the disaster can inform the development of interventions and support services 
for individuals who may require assistance. Experience with death and suffering as a consequence of the disaster can impact life 
satisfaction even well after the event [36,38]. A study found that losing a loved one due to Hurricane Katrina had a significant negative 
impact on the happiness of single mothers [39]. Losing a loved one due to a natural disaster can have a significant and lasting impact on 
individuals’ mental health and well-being and may require additional support and resources for recovery. Finally, life satisfaction is 
also positively linked to a positive emotional state and conversely negatively associated with negative emotional states [40–42]. 

Understanding the prevalence and intensity of post-traumatic stress disorder symptoms and assessing individuals’ experiences with 
death and suffering and emotional well-being can provide a more comprehensive understanding of their psychological and emotional 
state after the disaster. Overall, considering these variables can help researchers and practitioners develop a more comprehensive and 
nuanced understanding of the impacts of the earthquake and temporary housing displacement on individuals’ well-being. 

In the present study, therefore, we measured all the aforementioned variables to test their predictive role in explaining life 
satisfaction. We expected that being more prepared for a hazard, being more risk aware, and having more trait resilience capability and 
less psychological vulnerability would be related to higher life satisfaction. We also hypothesized that a higher place attachment and a 
lower general health status before the disaster would decrease life satisfaction. The specific earthquake experienced was expected to 
differentially affect life satisfaction, and the duration of the displacement was predicted to negatively impact life satisfaction. We 
expected that better quality, type, and lower density of temporary housing would be associated with higher life satisfaction. We also 
hypothesized that variables related to social support and protection would be positively related to life satisfaction. Conversely, we 
expected that more negative psychophysiological consequences, more experience with death, and a more negative emotional state 
would be associated with lower life satisfaction during temporary housing. 
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2. Method 

2.1. Participants and procedure 

People who had experienced one of the three earthquakes and the consequent temporary housing were contacted between February 
and July 2021 and invited to voluntarily participate in an anonymous survey (the complete questionnaire is presented in the Sup
plementary Materials). Participants were contacted with the help of local institutions (municipalities) and local organizations or by 
directly approaching them in public places. Participants’ informed consent was obtained by all respondents. The Ethical Committee of 
the University of Trento approved the study (protocol 2020–039). Depending on the participant’s needs and the situation, data 
collection was completed through face-to-face interviews, telephone interviews, stand-alone paper-and-pencil questionnaires, or 
online. The survey took about 30–50 min to be completed, depending on the subject’s individual differences. Individuals were con
tacted in different municipalities and locations to represent the variety of conditions within the three epicentral areas (Fig. 2). 

The final sample included 261 individuals, 58 of whom were displaced after the 2009 Abruzzo earthquake, 126 after the 2012 
Emilia, and 77 after the 2016-17 Central Italy ones. Overall, more than half of the sample was female (58.6%). At the time of the 
survey, participants were 50.1 years old on average (SD = 15.9). Their education level was generally rather high: 2.7% elementary 
school, 15.4% middle school, 46.2% high school, and 35.8% university. Households consisted of an average of 3.2 individuals 
(including the respondent). Self-evaluated physical health quality at the time of the survey was generally good (M = 2.86 on a 5-point 
scale; SD = 0.89). Participants’ employment status at the time of the survey was as follows: 6.2% were students, 54.8% were employed, 
16.2% were self-employed, 4.6% were unemployed, and 18.1% were retired. Their income class (total annual net earnings) was as 
follows: 1.2% no income, 7.9% up to 10,000 euros, 11.2% from 10,000 to 15,000 euros, 18.2% from 15,000 to 20,000 euros, 29.8% 
from 20,000 to 30,000 euros, 24.8% from 30,000 to 50,000 euros, and 7.0% over 50,000 euros (participants’ complete socio- 
demographic features for each earthquake are reported in the Supplementary Materials, Table S5). 

At the time of the disaster, participants lived predominantly in a home they owned (90%), while 6.2% lived in a rented home, and 
the rest had other forms of accommodation (3.8%). The great majority of the homes (94.2%) were not insured against earthquakes. 
Participants had lived for 28 years on average (SD = 18.1) in the location where the earthquake struck them. Approximately half of the 
displaced people (51.0%) had applied for and been granted the “Contributo di Autonoma Sistemazione” (C.A.S.),1 a housing grant 
established by the State and issued by local government, while a minority (1.6%) had applied for it but had not been granted; the 
remainder (47.4%) had not applied for it. The length of the stay in the temporary housing ranged from a minimum of 0.1 to a maximum 
of 144 months, with a mean of 44.6 months (SD = 43.6). More than half of the respondents (57.6%) were still living in temporary 
housing when they responded to the survey. 

The number and percentage of participants in the different kinds of accommodation are reported in Table 1. In the case of more 
than one type of accommodation, the values refer to the one in which the participants stayed the longest. Types 1, 3, and 4 characterize 
the first emergency period (Fig. 3). Hotels (type 5) are also taken into account in the same period but are often used for a longer period 
due to their greater comfort. The remaining types are used in the following months and years, a period that can be quite long in case of 
an earthquake. In particular, types 8 and 9 are prefabricated house types organized in small villages. Types 6, 7, and 10 are apartments 
in high-rise buildings that offer a similar level of comfort as standard apartments. 

2.2. Measures 

Although the survey measured a broader set of variables than is crucial for addressing the specific research questions of the present 
study, here we will focus only on those variables deemed relevant to it. After the description of the socio-demographic predictors and of 
the criterion variable (life satisfaction during temporary housing), we will describe the other predictors in temporal order, progressing 
from participants’ evaluations referred to their condition before the earthquake (or stable individual differences) till their evaluations 
of the consequences of the seismic event. 

2.2.1. Socio-demographic variables 
We assessed several socio-demographic variables (age, sex, education, employment status, income at the time of disaster, number 

of household members) as well as other variables useful for the sample description: years lived in the house, ownership of the house, 
whether participants asked for a Contribution of Autonomous Accommodation (C.A.S.), and the damage suffered by their house (in 
terms of AeDES2 classification). 

2.2.2. Life satisfaction during temporary housing 
Judgments about satisfaction with various aspects of life during the temporary housing displacement were measured as in previous 

studies [44]. The aspects of life considered were job prospects, educational opportunities, financial situation, personal safety, social 
life, outdoor activities, natural beauty, overall climate, and cultural opportunities. Participants were asked, “how satisfied were [are] 
you during the displacement with each of these specific aspects of your life?”. Answers were provided on a scale from 1 (extremely 

1 The “Contributo di Autonoma Sistemazione” (C.A.S., Contribution for Autonomous Accommodation), is a housing financial grant issued by the local government 
to members of families who were ordered to evacuate their first housing unit that was declared uninhabitable due to the earthquake. 

2 According to the AeDES Form, the habitability of buildings is classified into six categories: (1) A - Habitable building, (2) B - Building temporarily uninhabitable 
(in whole or in part) but accessible with emergency measures, (3) C - Building temporarily uninhabitable to be thoroughly reviewed, (4) D - Building partially un
inhabitable, (5) E − Building uninhabitable, (6) F - Building uninhabitable due to external hazard. The higher the value from 1 to 5, the higher the damage to the 
house. F does not follow the same progression; the external hazard could be, for example, a landslide or a damaged bell tower threatening the building [74]. 
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dissatisfied) to 5 (extremely satisfied). The responses were averaged into a composite measure (Cronbach’s α = 0.86), representing the 
degree to which individuals were satisfied with important aspects of their life during their stay in the temporary housing 
accommodations. 

2.2.3. Pre-existing individual differences 
2.2.3.1. Risk awareness. Seismic risk awareness was measured through three questions that investigated how often, before the 
disaster, the participants thought about an earthquake, how worried they were about an earthquake, and how likely they judged an 
earthquake to happen in the future. Items were: (a) “In the years prior to the earthquake that affected you, how much did you think 

Table 1 
Number and valid percentage of participants in each type of accommodation in each disaster case studied.  

Type of accommodation 2009 
Abruzzo 
earthquake 

2012 Emilia 
earthquake 

2016-17 
Central Italy 
earthquake 

Overall 

n % n % n % n % 

[1] Private car/camper/tent 10 17.5% 29 23.4% 1 1.3% 40 15.5% 
[2] House of friends 1 1.8% 18 14.5% 1 1.3% 20 7.8% 
[3] Gym/train wagon provided by the competent authority 0 0.00% 0 0.00% 0 0.00% 0 0.0% 
[4] Tent/camper provided by the competent authority 2 3.5% 5 4.0% 1 1.3% 8 3.1% 
[5] Hotel provided by the competent authority 4 7.0% 4 3.2% 4 5.2% 12 4.7% 
[6] Rented apartment or house 7 12.3% 48 38.7% 13 16.9% 68 26.4% 
[7] Apartment or house owned by respondent (e.g., second home) 2 3.5% 7 5.6% 4 5.2% 13 5.0% 
[8] Container module or P.M.A.R. (Prefabricated Modular Removable Housing Units) 0 0.0% 4 3.2% 5 6.5% 9 3.5% 
[9] M.A.P., S.A.E., M.A.P.R.E., P.M.R.R. (Temporary Housing Modules, Emergency Housing 

Solutions, Rural Prefabricated Emergency Housing Modules - Prefabricated houses or 
however of rapid realization, often in wood, with one or two stories maximum, 
monofamiliar, bifamiliar or disposed as rowhouse - Prefabricated Removable Rural 
Modular) 

29 50.9% 8 6.5% 45 58.4% 82 31.8% 

[10] C.A.S.E. (Ecocompatible Sustainable Anti-seismic Complexes - three-story buildings, with 
underground parking, in a green environment) 

1 1.8% 0 0.0% 0 0.0% 1 0.4% 

[11] Other 1 1.8% 1 0.8% 3 3.9% 5 1.9% 
Missing 1  2  0  3   

Fig. 3. Pictures showing some examples of temporary housing solutions. A) to C): solutions for the shelter of the population in the 2012-17 Central Italy earthquake. 
A) Amatrice, campsite. B) Camerino, container modules. C) Norcia, prefabricated temporary houses (from Ref. [43]). D) Abruzzo 2009: L’Aquila, a house built within 
the framework of the C.A.S.E. Project-Antiseismic Sustainable Eco-friendly Complexes (courtesy M. Dolce). 
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about earthquakes?”; (b) “In the years prior to the earthquake that affected you, how concerned were you about earthquakes?”; (c) “In 
the years prior to the earthquake that affected you, how likely did you think an earthquake was to occur?”. Responses could range from 
1 (not at all) to 7 (very much). The second and third items were derived from previous literature on risk perception [45,46], assessing 
the analytical/deliberate component and the affective component of risk perception, respectively. A composite score was computed, 
averaging responses on the three items measuring risk awareness (Cronbach’s α = 0.90). 
2.2.3.2. Earthquake preparedness. A preparedness index was derived from the Mulilis-Lippa Earthquake Preparedness Scale (MLEPS) 
[47] and adapted to reflect the country-specific scope of the study and the national emergency management system. The preparedness 
index measured the individual level of earthquake preparedness prior to the disaster. A total of 42 yes/no questions were asked, 
including questions on specific items to be used immediately after an earthquake owned by respondents (e.g., “Did you own a working 
flashlight?“), questions on the participants’ level of knowledge (e.g., “Before the event, did you know you lived in an earthquake-prone 
area?”), and questions measuring whether the participants, prior to the event, were exposed to information or activities aimed at 
increasing their earthquake preparedness. For all items, “yes” was coded with 1, and “no” was coded with 0. An individual pre
paredness index was computed by summing all “yes” answers; thus, the index could range from 0 to 42. 
2.2.3.3. Place attachment. Attachment to the place in which participants lived at the time of the earthquake was measured with the 
Place Attachment Scale [48]. The scale asks participants to report how much they agree or disagree with each of a set of eleven 
statements representing the extent to which they were attached to the place and community in which they lived, using a response scale 
ranging from 1 (completely disagree) to 7 (completely agree). Examples of statements include “The community reflected who I was”, 
“People like me lived there”, “The green areas there were special”, and “That city was special to me”. A composite mean score was 
calculated by averaging the responses to the eleven statements (Cronbach α = 0.93). 
2.2.3.4. General health status. Participants’ self-reported general health status before the disaster (before) and at the time of the survey 
(after) was measured. In particular, respondents were asked the American Life Panel question (https://alpdata.rand.org/) from the 
Survey on Well Being (No. 20) (Well Being and Health - Module - Rate General Health, Question - ms20_RH001 GENERAL HEALTH 
RATING) also used in the WHO’s generalized health assessment [49]. The question asked, “In general, would you say that your health 
[before the earthquake was/is now] … ". Possible responses ranged from 1 (poor) to 5 (excellent). 
2.2.3.5. Resilience capability. The Brief Resilience Scale was used to measure an individual ability to recover from stressful conditions, 
known as individual resilience capability [50]. The scale asks to indicate the degree to which the participant agrees (from 1 =
completely disagree to 7 = extremely agree) with each of a set of statements (e.g., “I tend to bounce back quickly after hard times”). 
The responses to the six items were averaged into a composite measure (Cronbach’s α = 0.85), representing the degree to which the 
individual holds individual resilience capability. 
2.2.3.6. Psychological vulnerability. The Psychological Vulnerability Scale [16] asked the participants to indicate the degree to which a 
series of six statements best described them. The scale measures the degree to which the participant holds cognitive beliefs reflecting a 
dependence on external sources for self-affirmation (i.e., concrete achievements or other people), as opposed to a belief in the worth of 
one’s inner qualities and character. The responses were provided on a scale from 1 (completely disagree) to 7 (extremely agree) and 
averaged into a composite measure (Cronbach’s α = 0.75), representing the degree to which the individual is psychologically 
vulnerable. 

2.2.4. Earthquake consequences 
2.2.4.1. Specific earthquake experienced. The specific seismic event experienced by participants was recorded as the 2009 Abruzzo 
earthquake, the 2012 Emilia earthquake, or the 2016-17 Central Italy earthquake. 
2.2.4.2. Still in temporary accommodation. This variable recorded whether participants were still residing in temporary housing at the 
time of the survey (coded as 2) or not (coded as 1). 
2.2.4.3. Length of stay in temporary accommodation. This variable measured the duration of the participant’s stay in the predominant 
temporary housing in months. 

2.2.5. Temporary accommodation and social support 
2.2.5.1. Quality of the temporary accommodation. A series of questions investigated the perceived quality of the temporary housing on 
a series of characteristics (i.e., privacy, noise, space, light, temperature, quality, comfort, surroundings, and placement). The housing 
characteristics were measured by adapting an existing Housing Characteristics Scale [51]. Participants were asked to think about the 
temporary housing solution they have used for the longest time and to rate eighteen statements referring to its characteristics, indi
cating how much they agree or disagree on a scale from 1 (strongly disagree) to 7 (strongly agree). The items were averaged into a 
composite measure representing the degree to which the temporary housing was appreciated (Cronbach α = 0.82). 
2.2.5.2. Type of temporary accommodation. Participants were asked to report what type of temporary housing they had lived in since 
the disaster by indicating the accommodation used in the (a) short-term, (b) medium-term, (c) long-term, and (d) now. We also asked 
them to indicate how long the participant had lived in that temporary housing arrangement for each of these accommodations. The 
purpose was to determine the prevailing temporary accommodation, i.e., the arrangement in which the participant had lived for most 
of the time spent in temporary housing. This was necessary because explicit mention was made at some points of the questionnaire that 
subsequent questions regarding temporary housing would refer to the prevailing housing solution. Participants reported the type of 
temporary solution by selecting one option from the list of possibilities reported in Table 1. Due to the low frequency of some options, 
prior to conducting the statistical analyses, we recoded the Type of Temporary Accommodation variable (see Table 1) into three new 
accommodation types: 1 = tent/camper/gym (old types 1, 3, 4), 2 = container/modules (old types 8, 9), and 3 = house/apartment (old 
types 2, 6, 7), associated with an increasing degree of living quality. Due to their peculiar living conditions when compared to the other 
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types of accommodation, we decided not to include hotels (old type 5; 12 participants) and C.A.S.E. (old type 10; 1 participant) in the 
new classification. Therefore, the sample size on which the statistical analyses were conduced was 248. 
2.2.5.3. Density in the temporary accommodation. The population density in the temporary housing was measured by asking how many 
people lived in the same household (including the respondent) and dividing this number by the area of the dwelling (m2). For example, 
if three people lived in a house of 60 m2, then the density was 0.05. Higher values indicate a higher density. 
2.2.5.4. Protection net. Participants were asked to report how much help they received from a series of people after the earthquake 
using a scale from 1 (not at all) to 5 (very much). The sources of support considered (adapted from Ref. [52]) were: (a) relatives, (b) 
friends, (c) neighbors, (d) colleagues/employers, (e) other persons, (f) national institutions (Civil Protection Department, Government, 
Commissioner for Reconstruction), and (g) local institutions (Regional Civil Protection, City Mayor, health workers, volunteers, etc.). 
The seven items were averaged into a composite measure of protection net (Cronbach’s α = 0.79), representing the degree to which the 
individual felt supported after the disaster. 
2.2.5.5. Perceived social support. A short version of the perceived social support scale F-SOzU K-6 [53] asked participants to think 
about their life while in the temporary housing solution and to say how much they agreed or disagreed with a set of six statements (e.g., 
“I experienced a lot of understanding and security from others”). Answers were provided on a scale ranging from 1 (completely 
disagree) to 7 (completely agree). The items were averaged into a composite measure (Cronbach’s α = 0.87), representing the degree to 
which the individual experienced social support during the temporary housing displacement. 

2.2.6. Emotional and physical wellbeing 
2.2.6.1. Post-traumatic stress disorder. The shortened SPAN Scale (Startle, Physiological arousal, Anger, Numbness), including items 
17, 14, 11, and 5 from the original scale [54], was used to measure Post-Traumatic Stress Disorder (PTSD) [7]. Participants were asked 
to report how often and intensely they experienced a series of emotional events during the 2–3 months following the earthquake. 
Frequency was recorded on a scale from 1 (never) to 5 (every day), and intensity was recorded on a scale from 1 (not at all intense) to 5 
(extremely intense). The events were: (a) "Have you been physically upset by reminders of the event?", (b) "Have you had difficulty 
concentrating?", (c) "Have you found it hard to imagine having a long life span fulfilling your goals?", (d) "Have you been avoiding any 
thoughts or feelings about the event?". Each frequency was then multiplied by the relative intensity, and the new eight variables were 
averaged into a composite measure of PTSD (Cronbach’s α = 0.74) ranging from 1 to 25 and representing the frequency with which the 
individual experienced the symptoms after the disaster, and the intensity of these symptoms. 
2.2.6.2. Health impairment. The consequences of the earthquake on the health of the participants were measured by the one-item 
health impairment scale [55], which asked to what extent participants thought the event had compromised their health, using a 

Table 2 
Correlation coefficients and descriptive statistics for the measured variables.  

1 2 3 4 5 6 7 8 9 10 

1. Life Satisfaction –          
2. Sex .02 –         
3. Age .06 − .12 –        
4. Education − .07 .08 − .40*** –       
5. Income .00 − .16* .00 .18** –      
6. Risk Awareness (before) − .02 .04 .06 − .14* − .09 –     
7. Earthquake Preparedness .25*** − .13* − .02 − .02 .04 .30*** –    
8. Place Attachment .08 .02 .18** − .15* − .17** .12 .10 –   
9. General Health Status (before) .15* − 0.01 − .36*** .14* .00 − .06 .12 .06 –  
10. Resilience Capability .24*** − .09 .05 .07 .10 .03 .21** − .01 .16* – 
11. Psychological Vulnerability − .16* .16** − .24*** .11 − .13* .00 − .11 − .03 − .01 − .48*** 
12. Still in Temporary House .02 − .04 .19** − .28*** − .11 .13 − .05 .19** − .01 − .19** 
13. Length of Temporary House Stay .08 − .13* .17** − .11 − .08 − .11 − .17* .17** − .11 − .04 
14. Quality of Accommodation .41*** − .02 − .01 .08 − .01 − .25** .14* .01 .16* .16** 
15. Temporary House Type − .02 .03 − .04 .17** − .03 − .26*** − .06 − .07 .00 .00 
16. Density − .04 .01 − .03 − .07 .08 .00 .09 .01 .11 .04 
17. Protection Net .43*** .07 − .07 .04 − .11 − .03 .24*** .10 .15* .21*** 
18. Perceived Social Support .38*** .12 − .04 .14* .00 .00 .15* .07 .17* .18** 
19. Post-traumatic Stress Disorder − .17** .26*** .05 − .11 − .08 .11 − 0.15* .21** .01 − .39*** 
20. Health impairment − .15 .27*** .17** − .09 − .11 .18 − .08 .14* − .14 − .38*** 
21. Experience with Death .10 .11 − .01 − .11 − .09 − .18** .00 − .16** − .01 .00 
22. Emotional Well-being .25*** − .23*** .02 .05 .07 − .03 .21** .11 .09 .54*** 
23. General Health Status (after) .33*** − .16* − .26*** .13* .07 .08 .24*** .06 .43*** .40*** 

N 237 248 248 247 229 245 248 244 245 247 
Missing 11 0 0 1 19 3 0 4 3 1 
Mean 3.32 1.59 50.01 3.14 4.57 2.55 13.59 5.46 3.71 4.33 
Standard deviation 0.717 0.493 15.893 0.763 1.472 1.647 6.572 1.110 0.826 1.177 
Minimum 1 1 18 1 1 1 1 1 1 1 
Maximum 5 2 88 4 7 7 40 7 5 7 
Range 1 to 5 1 to 2 1 to 100 1 to 4 1 to 7 1 to 7 0 to 42 1 to 7 1 to 5 1 to 7 
Reliability .86     .90  .93  .85 

*p < .05; **p < .01; ***p < .001. 
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scale from 1 (not at all) to 7 (very much). 
2.2.6.3. Experience with death and suffering. Participants’ experience with death and suffering as a consequence of the earthquake was 
measured using the direct experience index [56]. The index consisted of two questions. The first item asked to report if anyone they 
knew died due to the disaster (“Did someone you know die as a result of the disaster?“). Possible answers were 1 "at least one close 
friend or relative", 2 "someone I know other than a close friend or relative", and 3 "no one I know". The second question asked to report 
if anyone they knew had suffered from the disaster (“Has anyone you know suffered, i.e., suffered serious physical or psychological 
consequences, but not died, as a result of the disaster?“). Possible responses were 1 "at least one close friend or relative", 2 "someone I 
know other than a close friend or relative", and 3 "no one I know". The sum of the responses (which ranged from 2 to 6) was used for the 
analysis. Lower values represented the greater direct experience of suffering and death resulting from the earthquake. 
2.2.6.4. Emotional well-being. To measure emotional well-being, we used the MOS 36-Item Short-Form Health Survey (SF-36; [57]), 
which asks to report how often (from 1 = never to 5 = always) the participant experienced a specified emotional state during the past 
30 days. The emotional states were: (1) nervous, (2) feeling calm and peaceful, (3) having a lot of energy, (4) feeling downhearted and 
blue, (5) feeling worn out, (6) feeling happy, (7) feeling tired. The variable is computed by averaging the results across the seven items 
into a composite measure (Cronbach’s α = 0.79), representing the well-being experienced by the participant at the time of the survey. 
The variable could range from 1 to 5. 

2.3. Data analysis strategy 

Data analysis was carried out in three stages. Initially, we computed descriptive statistics and reliability (as internal consistency) for 
all the measures (see Table 2 and the previous descriptions of the variables). Then, we conducted a hierarchical linear regression 
analysis to determine which of the predictors were significantly related to life satisfaction during the stay in temporary housing, which 
was our main criterion variable, and to appraise the relative importance of the predictors. Initially, we carried out this analysis on the 
whole sample of individuals affected by the earthquakes, including the specific earthquake as a predictor (specific earthquake). Given 
that the specific earthquake variable turned out to be significant, we repeated the analysis separately for each seismic event. The alpha 
level was set to 0.05 for all the analyses. 

In the hierarchical regressions, we entered the predictors in five steps, assuming that the variables included in a step could have 
been influenced by the variables entered in the previous steps but not vice-versa. This approach to the hierarchical order of entry is 
motivated by the need to respect causal priority and to ensure the removal of confounding or spurious relationships (see Ref. [58]). 
Thus, sociodemographic variables (i.e., sex, age, education, income) were entered in the first step of the analysis. The subsequent steps 

11 12 13 14 15 16 17 18 19 20 21 22 23                                                                                                                                   

–             
.01 –            
− .17** .44*** –           
− .19** − .12 .12 –          
− .04 − .07 .24*** − .37*** –         
− .06 − .06 − .15* − .23*** − .33*** –        
− .19** − .09 .02 .33*** .01 − .01 –       
− .16 − .13 − .02 .29*** − .11 .09 .54*** –      
.27*** .14* .00 − .11 .06 − .10 − .11 − .12 –     
.24*** .16* .03 − .08 .07 − .07 − .08 − .09 .60*** –    
.09 − .12 − .11 .16* .17** − .04 .00 − .03 − .13 − .11 –   
− .49*** − .16* .05 .18** .05 − .01 .20** .11 − .39*** − .34*** − .02 –  
− .22** − .06 − .09 .19** − .13* .05 .21** .17** − .21** − .39*** − .03 .52*** – 

246 218 237 239 240 213 247 239 235 244 243 246 246 
2 30 11 9 8 35 1 9 13 4 5 2 2 
3.51 1.44 46.61 4.54 2.22 0.07 3.37 5.17 11.05 3.86 4.03 3.09 2.88 
1.123 0.495 43.871 0.985 0.758 0.082 0.784 1.244 5.077 1.887 1.351 0.633 0.895 
1 1 0.1 2.1 1 0 1 1.5 1.25 1 2 1 1 
7 2 144 7 3 0.5 5 7 25 7 6 5 5 
1 to 7 1 to 2 0 to 144 1 to 7 1 to 3 0 to 1 1 to 5 1 to 7 1 to 25 1 to 7 2 to 6 1 to 5 1 to 5 
.75   .82   .79 .87 .74   .79   
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followed the temporal pattern, with variables reflecting stable individual differences (place attachment, resilience capability, psy
chological vulnerability) or participants’ status before the disaster (preparedness, risk awareness before, health status before the 
disaster) entered at step 2. Step 3 included the general consequences of the earthquake as related to its severity (specific earthquake 
experienced -only in the whole sample analysis, whether the individual was still in temporary accommodation and the length of stay in 
temporary accommodation). Step 4 considered the type and quality of temporary accommodation and social support (quality, type, 
and density of the temporary accommodation, protection net after the earthquake, and perceived social support while in temporary 
accommodation). Finally, step 5 included emotional and physical outcomes, such as symptoms of PTSD, health impairment after the 
earthquake, experience with death and suffering, emotional well-being in the past 30 days, and health status at the time of the survey. 

3. Results 

3.1. Descriptive statistics and preliminary analyses 

Descriptive statistics, reliabilities, and correlation coefficients between the measured variables are presented in Table 2. 
The mean scores in Table 2 reveal that participants, on average, experienced a moderate level of life satisfaction, perceived the 

quality of the temporary accommodations as moderately high, and reported a moderate population density in the accommodations. In 
contrast, risk awareness was generally low, in terms of both seismic risk awareness and earthquake preparedness. Perceived protection 
net was moderate; perceived support was generally high, as well as place attachment. Participants reported a moderate level of PTSD, a 
moderate to low level of health impairment, a low level of experience with death and suffering, and a moderate level of emotional well- 
being. 

Correlation coefficients in Table 2 showed that life satisfaction during the stay in the temporary housing was slightly, although 
significantly, associated with prior earthquake preparedness as well as prior health status and pre-existing individual resilience ca
pabilities. Life satisfaction was also associated to a moderate extent with the perceived quality of accommodation, the extension of the 
protection net on which earthquake survivors could count after the disaster, as well as with the perceived social support received 
during the stay in the temporary accommodation. Life satisfaction was also associated with less PTSD symptoms, more positive 
emotional well-being, and generally better health after the disaster. Most of the psychophysical variables were coherently correlated 
with each other, such that greater health impairment was associated with more symptoms of PTSD and lower well-being, and lower 

Table 3 
Hierarchical regression analysis predicting life satisfaction during temporary housing.   

Model 

Step 1 Step 2 Step 3 Step 4 Step 5 

b β b β b β b β b β 

Intercept 3.40***  2.06**  1.39*  0.70  0.15  
Age 0.00 .03 0.00 .11 0.00 .07 0.00 − .00 0.00 .07 
Education − 0.09 − .10 − 0.11 − .12 − 0.10 − .11 − 0.15* − .16 − 0.13§ − .14 
Sex 

2–1 0.02 .03 0.12 .17 0.07 .11 − 0.05 − .07 − 0.00 − .00 
Income 0.02 .05 0.02 .04 − 0.02 − .04 0.02 .03 0.02 .03 
Risk Awareness (before)   − 0.05 − .12 0.00 .02 0.02 .04 0.01 .03 
Place Attachment   0.04 .06 0.03 .05 0.02 .04 0.01 .02 
Earthquake Preparedness   0.02** .23 0.03*** .29 0.02** .19 0.02** .18 
Resilience Capability   0.10§ .17 0.10* .18 0.05 .08 0.00 .00 
Psychological Vulnerability   0.00 .00 0.03 .05 0.07 .10 0.08 .13 
General Health Status (before)   0.12§ .14 0.14* .17 0.05 .06 0.00 .00 
Specific Earthquake 

Abruzzo 2009 – Central Italy 2016-17     0.41** .63 0.44** .64 0.51** .74 
Emilia 2012 – Central Italy 2016-17     0.58*** .84 0.55*** .79 0.51** .74 

Still in Temporary House 
2–1     0.17 .24 0.05 .08 0.06 .09 

Length of Temporary House Stay     0.00 .04 − 0.00 − .11 − 0.00 − .13 
Quality of Accommodation       0.21*** .29 0.16** .22 
Temporary House Type           

1–2       − 0.48* − .69 − 0.53** − .76 
3–2       − 0.35* − .51 − 0.31* − .44 

Density       − 0.52 − .06 − 0.43 − .05 
Protection Net       0.21** .24 0.22** .24 
Perceived Social Support       0.06 .11 0.06 .11 
Post-traumatic Stress Disorder         − 0.00 − .00 
Health Impairment         0.00 .00 
Experience with Death         0.06 .11 
Emotional Well-being         0.06 .06 
General Health Status (after)         0.18** .24 

R2 .01  .15  .24  .46  .51  
ΔR2   .14***  .09**  .22***  .05*  

§p < .10; *p < .05; **p < .01; ***p < .001. 
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well-being was associated with more symptoms of PTSD. Another cluster of correlations was related to the social support variables. 
Specifically, holding a larger protection net and perceiving greater social support were positively associated with a better general 
health status, better emotional well-being, more resilience capabilities, and less psychological vulnerability. 

3.2. Predictors of life satisfaction during displacement in temporary housing 

Prior to conducting the hierarchical regression analysis, we controlled for multicollinearity. Despite the presence of several sig
nificant correlations between pairs of variables in the correlation matrix (Table 2), none of the correlation coefficients exceeded an 
absolute value of 0.80, typically considered a threshold value to assess potential problems [59], indicating that multicollinearity was 
not a major concern. Indeed, the strongest correlation was 0.60 between health impairment and PTSD. Multicollinearity was also 
checked by computing VIF (variance inflation factor) values in the hierarchical regression analysis, and even in this case, no prob
lematic values were detected (VIFs always below 2). 

Then, as described in paragraph 3.3, hierarchical regression analysis was carried out by entering predictors of life satisfaction 
during temporary housing in five steps, following their temporal ordering, beginning with the variables referring to conditions existing 
before the event and progressing to the variables describing the consequences of the disaster. 

Table 3 presents the results of the hierarchical regression analysis predicting life satisfaction during the temporary housing stay. As 
mentioned, the analysis comprises five steps, each including a different set of predictors. 

In Step 1, demographic variables (age, education, sex, income) were included, and the R2 was 0.01. None of the predictor variables 
in Step 1 were significant. 

In Step 2, stable individual differences and variables related to participants’ status before the disaster (place attachment, resilience 
capability, psychological vulnerability, earthquake preparedness, risk awareness before, and general health status before the disaster) 
were added, which significantly increased the R2 to 0.15. This suggests that variables pre-existing the disaster were important pre
dictors of life satisfaction during the temporary housing. However, only earthquake preparedness had a statistically significant effect. 
These results indicate that higher levels of earthquake preparedness were associated with higher levels of life satisfaction. 

In Step 3, the general consequences of the earthquake were added, which further increased the R2 to 0.24. Notably, the specific 
earthquake experienced was a significant predictor of life satisfaction, with participants who experienced the 2016-17 Central Italy 
earthquake reporting lower levels of life satisfaction compared to those who experienced the 2009 Abruzzo earthquake or the 2012 
Emilia earthquake. 

In Step 4, variables related to the temporary housing situation were added, which significantly increased the R2 to 0.46. The quality 
of accommodation and the type of temporary housing were significant predictors of life satisfaction. Specifically, participants living in 
containers/modules (group 2) reported higher levels of life satisfaction than those living in tents/campers (group 1) and those living in 
houses/apartments (group 3). The quality of perceived accommodation was also a significant predictor of life satisfaction, even 
controlling for the type of accommodation. Moreover, the protection net significantly predicted life satisfaction. 

In Step 5, variables related to emotional and physical outcomes were added, which further increased the R2 to 0.51. General health 
status after the earthquake was a significant predictor of life satisfaction. 

The significant increase in R2 for each step suggests that the variables included in each step contributed to explaining unique 
variance in the prediction of life satisfaction during temporary housing, with the exception of socio-demographic variables. Overall, 
the final model explained 51% of the variance in life satisfaction during temporary housing, with the significant predictors in this 
model being earthquake preparedness, specific earthquake, quality of accommodation, temporary house type, protection net, and 
general health status after the disaster. 

Overall, these findings highlight the importance of considering a wide array of variables related to different types of factors when 
predicting life satisfaction during a post-disaster temporary housing situation. This reflects the complexity of the post-earthquake 
situation, which is affected by a complex net of psychological, social, physical, and health-related factors. 

3.2.1. Differences between case studies 
The results of the hierarchical regression analysis on the whole sample suggested that the specific earthquake experienced had a 

significant impact on life satisfaction during the stay in temporary housing. To better understand whether the predictors in our study 
had a different role in predicting life satisfaction in the three earthquakes, we conducted a separate regression analysis for each case 

Table 4 
Significant predictors in the final regression models predicting life satisfaction during temporary housing on the whole sample and for each specific earthquake.   

Whole sample 2009 Abruzzo 2012 Emilia 2016-17 Central Italy 

Place attachment   ✓  
Earthquake preparedness ✓  ✓  
Specific earthquake ✓ NA NA NA 
Quality of accommodation ✓ ✓ ✓  
Type of temporary house ✓    
Protection net ✓  ✓  
Social support    ✓ 
General health status ✓  ✓  
Health impairment   ✓  

Note. √ means that the predictor is significant in the final model, while NA means that the predictor was not used in that model (it was used only in the whole-sample 
analysis). 
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study (Supplementary Materials, Tables 7–9). This approach allowed us to determine if the observed pattern of significant predictors 
was maintained in the individual earthquakes and to gain insights into the context-specific factors contributing to the observed dif
ferences in life satisfaction. However, it should be noted that reducing the sample size can also result in some predictors becoming 
nonsignificant due to reduced statistical power. Indeed, the a-priori sample size for the detection of a medium-size effect in a multiple 
regression with 23 predictors and a 0.80 power (alpha level = .05) is 166. This shows that the analysis on our whole sample is well- 
powered, while the analyses on the single earthquakes are underpowered. However, for exploratory purposes and for the sake of 
completeness, we deemed it worth carrying out also the analysis of each specific earthquake, given that there are reasons to think they 
may differ in various respects (e.g., areas and populations affected, time from the disaster). 

The hierarchical regression analysis aimed to examine the predictors of life satisfaction after the 2009 Abruzzo earthquake showed 
that none of the sociodemographic variables was a significant predictor of life satisfaction at step 1. Pre-existing individual charac
teristics and conditions did not make a significant contribution to explained variance (step 2), as well as general consequences (step 3). 
The only significant contribution was at step 4 when the variables related to the accommodation were entered into the model (ΔR2 =

0.32, p = .017), with the quality of accommodation being a significant predictor of life satisfaction (β = 0.77, p = .002) that remains the 
only significant predictor also in the final model (β = 0.82, p = .004). Individuals who reported a better quality of accommodation 
showed higher life satisfaction during temporary housing. Overall, the final model explained 63% of the variance in life satisfaction. 

The hierarchical regression analysis computed on the 2012 Emilia earthquake data showed that no demographic variables were 
significant predictors at step 1, nor any of the pre-existing conditions at step 2, nor the general consequences at step 3. Accommodation 
and social variables entered at step 4 made a significant additional contribution to the model (ΔR2 = 0.32, p < .001). Specifically, 
participants who rated the quality of their accommodations more positively reported higher levels of life satisfaction (β = 0.31, p =
.03), and the effect remained significant in step 5 (β = 0.34, p = .017). Protection net and place attachment were two other significant 
predictors in step 4 (β = 0.36, p = .018; β = 0.34, p = .009) and remained significant in step 5 (β = 0.51, p = .002; β = 0.48, p = .001). 
This suggests that having a stronger protection net and being more strongly related to the place and its community were associated 
with higher levels of life satisfaction after the earthquake. In step 5, among the emotional and physical outcomes of the disaster, having 
experienced less health impairment (β = 0.57, p = .007) and having better health (β = 0.45, p = .009) after the disaster were both 
predictive of greater life satisfaction. Moreover, earthquake preparedness became a significant predictor of life satisfaction (β = 0.31, p 
= .015). The final model accounted for 68% of the variance in life satisfaction during temporary housing, with the significant pre
dictors in the final model being place attachment, earthquake preparedness, quality of accommodation, protection net, health 
impairment, and general health status after the disaster. 

The hierarchical regression analysis predicting life satisfaction for the 2016-17 Central Italy earthquake shows that none of the 
variables in step 1 exhibited significant associations with life satisfaction. In step 2, among the individual differences and pre-existing 
conditions added to the model, earthquake preparedness showed a positive association with life satisfaction (β = 0.33, p = .013) as well 
as resilience capability (β = 0.31, p = .037). In step 3, the general consequences of the earthquake were added to the model, showing 
that still being in temporary housing was strongly associated with lower life satisfaction (β = 0.89, p = .018), with the effect of 
preparedness (β = 0.30, p = .028) and resilience capability (β = 0.36, p = .015) still being significant. In step 4, accommodation 
variables were added to the model as well as social support and protection net. Protection net was significantly associated with life 
satisfaction (β = 0.28, p = .032), while only preparedness remained significant (β = 0.30, p = .044). When the emotional and physical 
outcomes were added in step 5, the only final significant predictor became social support received during this stay (β = 0.32, p = .022). 
Overall the model explained 67% of the variance. 

Overall, the results of the final models on the three earthquakes (summarized in Table 4) showed that the factors contributing to life 
satisfaction differ depending on the specific disaster experienced, with a single variable playing a role in two cases out of three (i.e., 
perceived quality of temporary accommodation). Indeed, for the Abruzzo 2009 earthquake, the only significant predictor was the 
quality of temporary accommodation. For the Emilia 2012 earthquake, the perceived quality of accommodation made a significant 
contribution to the final model, but several other predictors were significant: pre-existing variables such as earthquake preparedness 
and place attachment, the strength of the protection net, and the health outcomes (health impairment and general health status). For 
the Central Italy 2016–17 earthquake, instead, the social support received during the stay was the only significant predictors of life 
satisfaction in the final model. 

4. Discussion 

Overall, the results of the analysis of the whole sample demonstrate the complex and multifaceted nature of life satisfaction during 
temporary housing after a natural disaster. The findings suggest that a variety of factors, including earthquake preparedness, specific 
disaster experienced, temporary housing quality and type, protection net, and general health, predict life satisfaction in post-disaster 
recovery efforts. Indeed, the hierarchical regression analysis on the whole sample showed that earthquake preparedness was a sig
nificant predictor of life satisfaction during temporary housing. This highlights the importance of pre-disaster planning and pre
paredness efforts to improve outcomes for individuals during a post-disaster temporary housing situation. The analysis also found that 
the specific earthquake experienced significantly predicted life satisfaction during temporary housing. This confirms, not surprisingly, 
that the particular conditions under which each disaster occurs and its local context can affect life satisfaction during temporary 
housing. More interestingly, variables related to the temporary housing situation and to the social context were also found to be 
significant predictors of life satisfaction (type and perceived quality of temporary housing, presence of a valid protection net). Our 
findings suggest that the temporary housing solution needs to be appropriate, offering both adequate environmental conditions (such 
as privacy, space, light, acoustic and thermal insulation, building quality, and proper surroundings) and the possibility to resume 
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ordinary life activities (e.g., work, education, social and personal relations) due to an acceptable distance to relevant places and fa
cilities. Moreover, the results underline the role of other people and the community in providing support to persons temporarily 
displaced during the disaster. Finally, physical well-being after the disaster was a significant predictor of life satisfaction, highlighting 
the importance of considering people’s health in post-disaster recovery efforts. 

The analysis of the three case studies highlighted the importance of understanding the unique effects of specific disasters on life 
satisfaction. While some predictors, such as temporary accommodation quality, were significant predictors across two earthquakes, 
others apparently had effects on single disasters only, depending on the context. Indeed, in the Abruzzo 2009 earthquake, perceived 
accommodation quality was the only significant predictor of life satisfaction. In Emilia 2012, along with accommodation quality, 
earthquake preparedness, protection net, health outcomes, and place attachment also emerged as significant predictors. In the most 
recent earthquake (Central Italy 2016–17), social support was the only significant predictor of life satisfaction in the final model. Due 
to the reduction in statistical power for the single-earthquake analysis, it would be risky to propose a strong interpretation of these 
differences. However, some of them may reflect the specificities of single earthquakes. The 2009 Abruzzo earthquake severely 
damaged urban areas, with many displaced persons needing a proper temporary accommodation, even for a long time (due to the 
length of the rebuilding process). Thus, temporary accommodation quality may have been especially important in this case. The 2012 
Emilia disaster hit a densely-populated area with a dynamic work area and strong social bonds. Therefore, several individual and social 
factors, including attachment to the local community, may have played a role in post-disaster well-being. The 2016-17 Central Italy 
earthquake was the most recent one, and the significant predictor identified may have possibly reflected the need of social support 
during the adaptation processes and ongoing challenges still faced at the time of the survey by individuals living in an area with a low 
population density and a high number of small hamlets of municipalities. 

Overall, the results of our study indicate that interventions and policies aimed at promoting well-being and recovery in the 
aftermath of natural disasters could focus on improving individual earthquake preparedness, providing higher-quality accommoda
tions, strengthening the protection net, and addressing health outcomes, as suggested by the whole-sample analysis. Additionally, the 
analysis at the single-disaster level suggests that these interventions may benefit from being tailored to the specific local context by 
focusing on the specific needs of individuals affected by the disaster, which should be attentively appraised. Moreover, thanks to the 
broad perspective adopted in this study in terms of the number and type of variables measured, the whole sample analysis highlighted 
a rich pattern of predictors, encompassing individual, social, and structural variables. This unveils the complexity of the impact of the 
seismic event on the individual, which needs to be studied by including different types of reliably-measured variables in order to render 
an appropriate picture of the network of relations involved. 

Indeed, our results strengthen and integrate, in the specific context of people displaced after an earthquake, the rather sparse 
evidence collected by other studies on the role of various predictors of life satisfaction after a disaster. This evidence indicates that a 
low-quality temporary house can increase the distress of displaced persons due to lack of privacy, limited natural light or space, noise, 
and inappropriate thermal conditions [51,60], but also due to inappropriate placement of the temporary house in relation to important 
services and life and socialization environments [61–63]. Social support, such as the one provided by a valid protection net, the 
community, or relevant others, seems able to mitigate the negative effects of the disasters on quality of life [33,64–67], albeit its effect 
has not always been observed. Additionally, people who are better prepared for the earthquake seem to have higher levels of life 
satisfaction [5,6]. Finally, people who lost their houses or were relocated to temporary houses due to an earthquake show lower 
physical and psychological health [68,69]. 

The nonsignificant predictors in our final models deserve some comment. For what concerns risk awareness before the disaster, it 
should be noted that this variable is positively correlated with earthquake preparedness (see Table 2), and we may consider it as a 
precursor of preparedness, which turned out as a significant predictor in the whole sample analysis. Similarly, for what concerns 
general health, it should be noted that this variable is correlated to all the other health-related variables in our study (PTSD symptoms, 
health impairment, and emotional well-being), which means that it could be considered as a more general indicator encompassing 
various facets of physical and psychological health. Therefore, even in this latter case, the results seem to be consistent with the overall 
pattern of results and with our expectations. Finally, and rather surprisingly, socio-demographic variables such as age, gender, edu
cation, and income did not contribute significantly to the prediction of life satisfaction in our study. However, these variables may have 
a weaker and indirect effect on life satisfaction, as other more immediate factors could influence it more, such as living in a better 
temporary house (for example, by renting it) or leaving the temporary accommodation sooner, having a stronger support network, or 
enjoying a better health status. 

Although our study provided useful indications on the predictors of life satisfaction during temporary housing, further research is 
needed to better understand the complex interactions among the different factors we have highlighted and to prospectively inform the 
development of interventions that can promote recovery and well-being following natural disasters at the general and local level. In 
particular, a possible extension of our work could be to develop and test structural equation models for the prediction of life satis
faction of displaced persons, including the various types of predictors we considered (personal, social, structural), in order to better 
understand their interrelations as well as to further appraise their relative contribution. Moreover, the adoption of a longitudinal 
research approach would be useful to minimize potential problems related to respondents’ memory biases and distortions, although 
several studies have shown that present and future behaviors and intentions are more based on the memory of past experiences than on 
the evaluations provided during these experiences [70–73]. Thus, recollections of past conditions experienced after an earthquake may 
even be more predictive of actual and future well-being than accurate reports of these conditions. Additionally, the time course of 
respondents’ life satisfaction could be tracked over time in order to understand its variations and to identify the factors explaining its 
downfall after a disaster and its potential recovery over time. Finally, it could be very interesting and practically worth investigating to 
what extent the set of predictors we identified as relevant in our study is also important in other kinds of disasters that may lead to 
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displacements, such as the various types of extreme events related to climate change like wildfires and floods. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgments 

This paper has benefited from funding provided by the European Union’s Horizon 2020 Research and Innovation Programme under 
grant agreement No. 833496 (BuildERS). The contents of this paper represent the authors’ ideas and do not necessarily correspond to 
the official opinion and policies of the Italian Civil Protection Department. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.ijdrr.2023.103697. 

References 

[1] G.A. Bonanno, S. Galea, A. Bucciarelli, D. Vlahov, What predicts psychological resilience after disaster? The role of demographics, resources, and life stress, in: 
Journal of Consulting and Clinical Psychology, American Psychological Association, 2007, pp. 671–682, https://doi.org/10.1037/0022–006X.75.5.671, 75, 
Issue 5. 

[2] K.B. DeSalvo, A.D. Hyre, D.C. Ompad, A. Menke, L.L. Tynes, P. Muntner, Symptoms of posttraumatic stress disorder in a New Orleans workforce following 
Hurricane Katrina, J. Urban Health 84 (2) (2007) 142–152, https://doi.org/10.1007/s11524-006-9147-1. 

[3] E. Fussell, S.R. Lowe, The impact of housing displacement on the mental health of low-income parents after Hurricane Katrina, Soc. Sci. Med. 113 (2014) 
137–144, https://doi.org/10.1016/j.socscimed.2014.05.025. 

[4] A. Munro, R.S. Kovats, G.J. Rubin, T.D. Waite, A. Bone, B. Armstrong, T.D. Waite, C.R. Beck, A. Bone, R. Amlôt, R.S. Kovats, B. Armstrong, G. Leonardi, G. 
J. Rubin, I. Oliver, Effect of evacuation and displacement on the association between flooding and mental health outcomes: a cross-sectional analysis of UK 
survey data, Lancet Planet. Health 1 (4) (2017) e134–e141, https://doi.org/10.1016/S2542-5196(17)30047-5. 

[5] E.-M. Kim, G.S. Kim, H. Kim, C.G. Park, O. Lee, B. Pfefferbaum, Health-related quality of life among older adults who experienced the Pohang earthquake in 
South Korea: a cross-sectional survey, Health Qual. Life Outcome 20 (1) (2022) 37, https://doi.org/10.1186/s12955-022-01944-8. 

[6] C. Qing, S. Guo, X. Deng, D. Xu, Farmers’ disaster preparedness and quality of life in earthquake-prone areas: the mediating role of risk perception, Int. J. 
Disaster Risk Reduc. 59 (2021) 102252, https://doi.org/10.1016/j.ijdrr.2021.102252. 

[7] S. Meltzer-Brody, E. Churchill, J.R.T. Davidson, Derivation of the SPAN, a brief diagnostic screening test for post-traumatic stress disorder, Psychiatr. Res. 88 (1) 
(1999) 63–70, https://doi.org/10.1016/S0165-1781(99)00070-0. 

[8] C. Welton-Mitchell, L.E. James, S.N. Khanal, A.S. James, An integrated approach to mental health and disaster preparedness: a cluster comparison with 
earthquake affected communities in Nepal, BMC Psychiatr. 18 (1) (2018) 296, https://doi.org/10.1186/s12888-018-1863-z. 

[9] M.R. Lee, T.C. Blanchard, Community attachment and negative affective states in the context of the BP deepwater Horizon disaster, Am. Behav. Sci. 56 (1) 
(2012) 24–47, https://doi.org/10.1177/0002764211409384. 

[10] H.J. Boon, Disaster resilience in a flood-impacted rural Australian town, Nat. Hazards 71 (1) (2014) 683–701, https://doi.org/10.1007/s11069-013-0935-0. 
[11] S. Garrido, I. Méndez, J.-M. Abellán, Analysing the simultaneous relationship between life satisfaction and health-related quality of life, J. Happiness Stud. 14 

(6) (2013) 1813–1838, https://doi.org/10.1007/s10902-012-9411-x. 
[12] V. Goel, L.C. Rosella, L. Fu, A. Alberga, The relationship between life satisfaction and healthcare utilization: a longitudinal study, Am. J. Prev. Med. 55 (2) 

(2018) 142–150, https://doi.org/10.1016/j.amepre.2018.04.004. 
[13] S.T. Ng, N.P. Tey, M.N. Asadullah, What matters for life satisfaction among the oldest-old? Evidence from China, PLoS One 12 (2) (2017), e0171799, https:// 

doi.org/10.1371/journal.pone.0171799. 
[14] M.A. Cohn, B.L. Fredrickson, S.L. Brown, J.A. Mikels, A.M. Conway, Happiness unpacked: positive emotions increase life satisfaction by building resilience, 

Emotion 9 (3) (2009) 361–368, https://doi.org/10.1037/a0015952. 
[15] S.A. Satici, Psychological vulnerability, resilience, and subjective well-being: the mediating role of hope, Pers. Indiv. Differ. 102 (2016) 68–73, https://doi.org/ 

10.1016/J.PAID.2016.06.057. 
[16] V.G. Sinclair, K.A. Wallston, The development and validation of the psychological vulnerability scale, Cognit. Ther. Res. 23 (2) (1999) 119–129, https://doi.org/ 

10.1023/A:1018770926615. 
[17] M.C. Comerio, Housing issues after disasters, J. Contingencies Crisis Manag. 5 (3) (1997) 166–178, https://doi.org/10.1111/1468-5973.00052. 
[18] M. Dolce, D. Di Bucci, Comparing recent Italian earthquakes, Bull. Earthq. Eng. 15 (2) (2017) 497–533, https://doi.org/10.1007/s10518-015-9773-7. 
[19] M. Dolce, D. Di Bucci, The 2016-17 Central Apennines seismic sequence: analogies and differences with recent Italian earthquakes, in: K. Pitilakis (Ed.), Recent 

Advances in Earthquake Engineering in Europe. 16th European Conference on Earthquake Engineering-Thessaloniki 2018, Springer Series "Geotechnical, 
Geological and Earthquake Engineering, vol. 46, 2018, ISBN 978-3-319-75740-7, pp. 603–638, https://doi.org/10.1007/978-3-319-75741-4_26 (Chapter 26). 

[20] MPS Working Group, Redazione della mappa di pericolosità sismica prevista dall’Ordinanza PCM 3274 del 20 marzo 2003. Rapporto Conclusivo per il 
Dipartimento della Protezione Civile, INGV, Milano-Roma, 2004 aprile 2004, 65 pp. + 5 appendici, http://zonesismiche.mi.ingv.it/. 

[21] F. Tanji, Y. Tomata, T. Sekiguchi, I. Tsuji, Period of residence in prefabricated temporary housing and psychological distress after the Great East Japan 
Earthquake: a longitudinal study, BMJ Open 8 (5) (2018), e018211, https://doi.org/10.1136/bmjopen-2017-018211. 

[22] DataCommons, Place Explorer, Electronic Dataset, Data Commons, 2023 viewed 14 Apr 2023, https://datacommons.org/place/wikidataId/Q3476?hl=it#Dati- 
demografici. 

[23] Galli P., Castenetto S., Peronace E. (2012). The MCS macroseismic survey of the Emilia 2012 earthquakes. Annals of Geophysics. 55:4, doi: 10.4401/ag- 
6163Guidoboni, E., Ferrari, G., Mariotti, D., Comastri, A., Tarabusi, G. and Valensise, G. (2007). CFTI4Med, Catalogue of Strong Earthquakes in Italy (461 B.C.- 
1997) and Mediterranean Area (760 B.C.-1500). INGV-SGA. Available from http://storing.ingv.it/cfti4med/. 

D. Di Bucci et al.                                                                                                                                                                                                       

https://doi.org/10.1016/j.ijdrr.2023.103697
https://doi.org/10.1037/0022&ndash;006X.75.5.671
https://doi.org/10.1007/s11524-006-9147-1
https://doi.org/10.1016/j.socscimed.2014.05.025
https://doi.org/10.1016/S2542-5196(17)30047-5
https://doi.org/10.1186/s12955-022-01944-8
https://doi.org/10.1016/j.ijdrr.2021.102252
https://doi.org/10.1016/S0165-1781(99)00070-0
https://doi.org/10.1186/s12888-018-1863-z
https://doi.org/10.1177/0002764211409384
https://doi.org/10.1007/s11069-013-0935-0
https://doi.org/10.1007/s10902-012-9411-x
https://doi.org/10.1016/j.amepre.2018.04.004
https://doi.org/10.1371/journal.pone.0171799
https://doi.org/10.1371/journal.pone.0171799
https://doi.org/10.1037/a0015952
https://doi.org/10.1016/J.PAID.2016.06.057
https://doi.org/10.1016/J.PAID.2016.06.057
https://doi.org/10.1023/A:1018770926615
https://doi.org/10.1023/A:1018770926615
https://doi.org/10.1111/1468-5973.00052
https://doi.org/10.1007/s10518-015-9773-7
https://doi.org/10.1007/978-3-319-75741-4_26
http://zonesismiche.mi.ingv.it/
https://doi.org/10.1136/bmjopen-2017-018211
https://datacommons.org/place/wikidataId/Q3476?hl=it#Dati-demografici
https://datacommons.org/place/wikidataId/Q3476?hl=it#Dati-demografici
http://storing.ingv.it/cfti4med/


International Journal of Disaster Risk Reduction 91 (2023) 103697

17

[24] A. Tertulliani, L. Arcoraci, M. Berardi, F. Bernardini, B. Brizuela, C. Castellano, S. Del Mese, E. Ercolani, L. Graziani, A. Maramai, A. Rossi, M. Sbarra, M. Vecchi, 
Emilia 2012 sequence: the macroseismic survey, in: M. Anzidei, A. Maramai, P. Montone (Eds.), The Emilia (Northern Italy) Seismic Sequence of May-June, 
2012: Preliminary Data and Results vol. 55, Annals of Geophysics, 2012, https://doi.org/10.4401/ag-6140, 4), 2012. 

[25] Galli P., Peronace E., Tertulliani A. (eds) (2016). Rapporto sugli effetti macrosismici del terremoto del 24 Agosto 2016 di Amatrice in scala MCS. Roma, rapporto 
congiunto DPC, CNR-IGAG, INGV, p 15. doi:10.5281/zenodo.161323. 

[26] A. Rovida, M. Locati, R. Camassi, B. Lolli, P. Gasperini, The Italian earthquake catalogue CPTI15, Bull. Earthq. Eng. 18 (7) (2020) 2953–2984, https://doi.org/ 
10.1007/s10518-020-00818-y. 

[27] A. Rovida, M. Locati, R. Camassi, B. Lolli, P. Gasperini, A. Antonucci, Italian Parametric Earthquake Catalogue (CPTI15), Istituto Nazionale di Geofisica e 
Vulcanologia (INGV), 2021, https://doi.org/10.13127/CPTI/CPTI15.3, version 3.0. 

[28] ISTAT, Caratteristiche dei territori colpiti dal sisma del 24 agosto 2016, 2016. http://www.istat.it/it/archivio/190370. 
[29] C. Peck, K. Kay Stewart, Satisfaction with housing and quality of life, Home Econ. Res. J. 13 (4) (1985) 363–372, https://doi.org/10.1177/ 

1077727X8501300403. 
[30] S. Matsumoto, K. Yamaoka, M. Inoue, M. Inoue, S. Muto, Implications for social support on prolonged sleep difficulties among a disaster-affected population: 

second report from a cross-sectional survey in ishinomaki, Japan, PLoS One 10 (6) (2015), e0130615, https://doi.org/10.1371/journal.pone.0130615. 
[31] A.P. McGuire, J.M. Gauthier, L.M. Anderson, D.W. Hollingsworth, M. Tracy, S. Galea, S.F. Coffey, Social support moderates effects of natural disaster exposure 

on depression and posttraumatic stress disorder symptoms: effects for displaced and nondisplaced residents, J. Trauma Stress 31 (2) (2018) 223–233, https:// 
doi.org/10.1002/jts.22270. 

[32] L.M. Stough, E.M. Ducy, J.M. Holt, Changes in the social relationships of individuals with disabilities displaced by disaster, Int. J. Disaster Risk Reduc. 24 (2017) 
474–481, https://doi.org/10.1016/j.ijdrr.2017.06.020. 

[33] J. Xu, L. Ou, Resilience and quality of life among Wenchuan earthquake survivors: the mediating role of social support, Publ. Health 128 (5) (2014) 430–437, 
https://doi.org/10.1016/j.puhe.2014.03.002. 

[34] I. Kawachi, S.V. Subramanian, Measuring and modeling the social and geographic context of trauma: a multilevel modeling approach, J. Trauma Stress 19 (2) 
(2006) 195–203, https://doi.org/10.1002/jts.20108. 

[35] W. Dai, L. Chen, Z. Lai, Y. Li, J. Wang, A. Liu, The incidence of post-traumatic stress disorder among survivors after earthquakes:a systematic review and meta- 
analysis, BMC Psychiatr. 16 (1) (2016) 188, https://doi.org/10.1186/s12888-016-0891-9. 

[36] T. Karatzias, Z. Chouliara, K. Power, K. Brown, M. Begum, T. McGoldrick, R. MacLean, Life satisfaction in people with post-traumatic stress disorder, J. Ment. 
Health 22 (6) (2013) 501–508, https://doi.org/10.3109/09638237.2013.819418. 

[37] G. Whiteneck, M.A. Meade, M. Dijkers, D.G. Tate, T. Bushnik, M.B. Forchheimer, Environmental factors and their role in participation and life satisfaction after 
spinal cord injury11No commercial party having a direct financial interest in the results of the research supporting this article has or will confer a benefit upon 
the autho, Arch. Phys. Med. Rehabil. 85 (11) (2004) 1793–1803, https://doi.org/10.1016/j.apmr.2004.04.024. 

[38] M.A. Tremblay, C.M. Blanchard, L.G. Pelletier, R.J. Vallerand, A dual route in explaining health outcomes in natural Disaster 1, J. Appl. Soc. Psychol. 36 (6) 
(2006) 1502–1522, https://doi.org/10.1111/j.0021-9029.2006.00069.x. 

[39] R. Calvo, M. Arcaya, C.F. Baum, S.R. Lowe, M.C. Waters, Happily ever after? Pre-and-Post disaster determinants of happiness among survivors of Hurricane 
Katrina, J. Happiness Stud. 16 (2) (2015) 427–442, https://doi.org/10.1007/s10902-014-9516-5. 

[40] P. Kuppens, A. Realo, E. Diener, The role of positive and negative emotions in life satisfaction judgment across nations, J. Pers. Soc. Psychol. 95 (1) (2008) 
66–75, https://doi.org/10.1037/0022-3514.95.1.66. 

[41] U. Schimmack, S. Oishi, R.M. Furr, D.C. Funder, Personality and life satisfaction: a facet-level analysis, Pers. Soc. Psychol. Bull. 30 (8) (2004) 1062–1075, 
https://doi.org/10.1177/0146167204264292. 

[42] G. Wang, W. Zhang, Q. Chen, R. Zeng, How is negative affect associated with life satisfaction? The moderating role of online self-disclosure in China’s context, 
Pers. Indiv. Differ. 135 (2018) 60–66, https://doi.org/10.1016/j.paid.2018.07.002. 

[43] M. Dolce, A. Miozzo, D. Di Bucci, L. Alessandrini, S. Bastia, P. Bertuccioli, D. Bilotta, S. Ciolli, G. De Siervo, D. Fabi, L. Madeo, E. Panunzi, V. Silvestri, Civil 
Protection in Italy, first ed., Civil Protection Department – Presidency of the Council of Ministers, 2020. September 2022, 229 pp. ISBN: 9791281195011, 
https://www.protezionecivile.gov.it/it/pubblicazione/civil-protection-italy-basic-training-civil-protection. 

[44] D.A. Schkade, D. Kahneman, Does Living in California Make People Happy? A Focusing Illusion in Judgments of Life Satisfaction, Psychological Science, Vol. 9, 
No. 5 (Sep., 1998), pp. 340-346 (7 pages), Published By: Sage Publications, Inc., Psychological Science, https://www.jstor.org/stable/40063318. 

[45] R.A. Ferrer, W.M.P. Klein, A. Persoskie, A. Avishai-Yitshak, P. Sheeran, The tripartite model of risk perception (TRIRISK): distinguishing deliberative, affective, 
and experiential components of perceived risk, Ann. Behav. Med. 50 (5) (2016) 653–663, https://doi.org/10.1007/s12160-016-9790-z. 

[46] A.R. Kaufman, J.E. Twesten, J. Suls, K.D. McCaul, J.S. Ostroff, R.A. Ferrer, N.T. Brewer, L.D. Cameron, B. Halpern-Felsher, J.L. Hay, E.R. Park, E. Peters, D. 
R. Strong, E.A. Waters, N.D. Weinstein, P.D. Windschitl, W.M.P. Klein, Measuring cigarette smoking risk perceptions, Nicotine Tob. Res. 22 (11) (2020) 
1937–1945, https://doi.org/10.1093/ntr/ntz213. 

[47] J.P. Mulilis, T.S. Duval, R. Lippa, The effects of a large destructive localearthquake on earthquake preparedness as assessed by the Earthquake Preparedness 
Scale,Nat, Hazards 3 (1990) 357–371. 

[48] L. Scannell, R. Gifford, Defining place attachment: a tripartite organizing framework, J. Environ. Psychol. 30 (1) (2010) 1–10, https://doi.org/10.1016/j. 
jenvp.2009.09.006. 

[49] A.E. Bombak, Self-rated health and public health: a critical perspective, Front. Public Health 1 (2013) 15, https://doi.org/10.3389/fpubh.2013.00015. 
[50] B.W. Smith, J. Dalen, K. Wiggins, E. Tooley, P. Christopher, J. Bernard, The brief resilience scale: assessing the ability to bounce back, Int. J. Behav. Med. 15 (3) 

(2008) 194–200, https://doi.org/10.1080/10705500802222972. 
[51] G. Caia, F. Ventimiglia, A. Maass, Container vs. dacha: the psychological effects of temporary housing characteristics on earthquake survivors, J. Environ. 

Psychol. 30 (1) (2010) 60–66, https://doi.org/10.1016/j.jenvp.2009.09.005. 
[52] W. Bruine de Bruin, A.M. Parker, J. Strough, Age differences in reported social networks and well-being, in: Psychology and Aging, American Psychological 

Association, 2020, pp. 159–168, https://doi.org/10.1037/pag0000415, 35, Issue 2. 
[53] M. Lin, G. Hirschfeld, J. Margraf, Brief form of the perceived social support questionnaire (F-SozU K-6): validation, norms, and cross-cultural measurement 

invariance in the USA, Germany, Russia, and China, in: Psychological Assessment, American Psychological Association, 2019, pp. 609–621, https://doi.org/ 
10.1037/pas0000686, 31, Issue 5. 

[54] J.R.T. Davidson, S.W. Book, J.T. Colket, L.A. Tupler, S. Roth, D. David, M. Hertzberg, T. Mellman, J.C. Beckham, R.D. Smith, R.M. Davison, R. Katz, M. 
E. Feldman, Assessment of a new self-rating scale for post-traumatic stress disorder, in: Psychological Medicine, Cambridge University Press, 1997, pp. 153–160, 
https://doi.org/10.1017/S0033291796004229, 27, Issue 1. 

[55] C. Schuster, J. Honold, S. Lauf, T. Lakes, Urban heat stress: novel survey suggests health and fitness as future avenue for research and adaptation strategies, 
Environ. Res. Lett. 12 (4) (2017) 44021, https://doi.org/10.1088/1748-9326/aa5f35. 

[56] S. Lichtenstein, P. Slovic, B. Fischhoff, M. Layman, B. Combs, Judged frequency of lethal events, J. Exp. Psychol. Hum. Learn. Mem. 4 (6) (1978) 551–578, 
https://doi.org/10.1037/0278-7393.4.6.551. 

[57] J.E. Ware, C.D. Sherbourne, The MOS 36-item short-form health survey (SF-36): I. Conceptual framework and item selection, Med. Care 30 (6) (1992) 473–483. 
http://www.jstor.org/stable/3765916. 

[58] P. Cohen, P. Cohen, S.G. West, L.S. Aiken, Applied Multiple Regression/Correlation Analysis for the Behavioral Sciences, Psychology Press, 2014, https://doi. 
org/10.4324/9781410606266. 
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