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1 Introduction

Starting on 24 August 2016, a long-lasting seismic sequence struck a very large area of central Italy, partially 
overlapping the areas affected by the 1997 Umbria–Marche and 2009 L’Aquila earthquakes (Figure 1). 

Figure 1. a)  Central Italy 2016–2017 seismic sequence projected on the National Seismic Hazard Map of Italy along with the 
nearby Umbria–Marche 1997 and Abruzzo 2009 seismic sequences. Source: Stucchi et al., 2004. Figure 1. b) Map of the average 
expected numbers of dwellings affected by Damage Level 5 (partial or total collapse) in 1 year in proportion to the total number 
of dwellings in the municipalities. Source: DPC, 2018a.

                                     Figure 1 a)         Figure 1 b)               

  
  
    

Nine major shocks with moment magnitude (Mw) greater than 5 occurred in 5 months (Istituto Nazionale di 
Geofisica e Vulcanologia, n.d.), with epicentres spread over c. 50 km following a NNW–SSE strike in the central Ap-
ennines (Figure 2). The two strongest earthquakes had Mw 6.0 (24 August 2016) and Mw 6.5 (30 October 2016).

After the first main shock, macroseismic (Mercalli–Cancani–Sieberg – MCS) intensities up to X or XI (ruinous or cat-
astrophic) were observed (Galli et al., 2016). After 30 October 2016, the damaged area enlarged considerably. The 
maximum observed (cumulative) intensity was XI (Tertulliani and Azzaro, 2016a,b, 2017; Galli et al., 2017). The area 
with IMCS ≥ VII (very strong) was about 70 km long and 30 km wide (Figure 3). Very high values of peak ground 



SUPER CASE STUDY 1  EARTHQUAKES IN CENTRAL ITALY IN 201-2016

135

acceleration (PGA) (Table 1) and of other instrumental parameters were recorded (DPC, n.d.).
Co-seismic effects encompassed surface fracturing and faulting processes (Emergeo Working Group, 2017), 
which mainly reactivated already known pre-existing faults (e.g. Boncio et al., 2004; Pizzi and Galadini, 2009; 
Valensise et al., 2016). Many landslides and rockfalls affected the entire region and were in part responsible for 
disruptions of the transportation system.

Figure 2. Central Italy 2016–2017 seismic sequence in the regional context. The four regions involved are marked in yellow. Bottom left 
insert: seismic sequence updated at 1 October 2019. Source: Authors, using Google Earth: Image Landsat / Copernicus - © 2018 Google 
- Data SIO, NOAA, U.S. Navy, NGA, GEBCO and Istituto Nazionale di Geofisica e Vulcanologia, 2019

The first main shock killed 299 people and injured 392, whereas the strongest one did not cause any further fatal-
ities, but injured only 38 people (Table 1). This occurred because (1) damaged buildings and highly damaged areas 
(‘red zones’) had already been evacuated, (2) the vulnerability of undamaged buildings near the epicentre of the 
strongest earthquake was low thanks to previous retrofitting and (3) emergency operators were not active yet at 
the time (7.40) the Mw 6.5 earthquake occurred.

The emergency response of the National Civil Protection Service was coordinated by the National Civil Protection 
Department (DPC) until 7 April 2017, when the administrations of the four affected regions took over the manage-
ment of most of the ongoing emergency activities. Meanwhile, the reconstruction process started on 9 September 
2016, when a special commissioner for the reconstruction was appointed by the President of the Republic.

Besides search and rescue, civil protection activities were focused on assisting the population, by providing shel-
ters and food. Up to 4 807 people were assisted in the first few days. At the end of August 2016, 43 tent camps 
had been set up, but their use was limited to a few weeks and then they were replaced by containers, because of 
the cold weather in the epicentral areas. 
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Table 1. 2016-17 Central Apennines seismic sequence: Mw≥5.5 earthquake. 
Source: Authors, based on Istituto Nazionale di Geofisica e Vulcanologia, n.d.; DPC, n.d.; DPC, 2018b.

2016-17 CENTRAL APENNINES SEISMIC SEQUENCE: MW≥5.5 EARTHQUAKE

Date Mw Zone Lat. Long. PGA max (cm/s2) Fatalities Injured

2016-08-24 6.0 1 km W Accumoli (Rieti) 42.70 13.23 916 299 392

2016-10-26 5.9
3 km NW Castelsantangelo sul Nera 

(Macerata)
42.91 13.13 684 0 0

2016-10-30 6.5 5 km NE Norcia (Perugia) 42.83 13.11 650 0 38

2017-01-18 5.5 2 km NW Capitignano (L’Aquila) 42.53 13.28 584 0 0

Other temporary shelter solutions were set up in safe sports arenas and gyms available in the affected area, while most of 
the population was moved from the disrupted villages to the hotels in the Adriatic coast. On 25 October 2016, 1 136 people 
were assisted, but at the end of the same month the population directly assisted increased again, to 31 763 people, owing to 
the increase in damage and the widening of the affected area.

The aim of this chapter is to identify some practical actions for preparedness, 
prevention and mitigation that could be implemented in the very near future to 
achieve an overall seismic risk reduction in the long term. Focusing on the impact 
on the main assets, it identifies lessons learned and gaps to be filled. 

A comprehensive exploration of all the possible insights is out of the scope of this 
work, but some lessons are drawn from the fields of emergency and recovery, 
prevention and mitigation, management and governance at national and European 
levels.

Fig. 3. Macroseismic survey of the 2016–2017 Central Italy seismic sequence in the 
Mercalli Cancani Sieberg (MCS) Intensity scale after the October 30th, 2016, strongest
main shock Source: Galli et al., 2017.
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2 Impact on the main assets

Residential buildings, schools, hospitals, cultural heritage, livestock farms, roads and 
other lifelines were severely affected, with direct economic losses in the order of 
EUR 21 billion and considerable indirect social and economic impacts.

The damage to the various assets was devastating, owing to the cumulative effect of the several main shocks: 
residential buildings, schools, hospitals, cultural heritage, livestock farms, roads and other lifelines were strongly 
affected. Some relevant damage is shown in the photo reports released by ReLUIS(1), the Laboratories University 
Network of seismic engineering , the Laboratories University Network of seismic engineering, e.g. those by Celano 
et al. (2016), Dall’Asta et al. (2016), Del Vecchio et al. (2016) and Menna et al. (2016), and in the works by 
Tertulliani and Azzaro (2016a,b, 2017). This damage resulted in huge direct economic losses, estimated at c. EUR 
21 billion, accompanied by considerable indirect social and economic impacts.The impact on the main building 
assets was quantitatively well monitored through the c. 220 000 damage and usability inspections carried out 
after the main shocks (Dolce and Di Bucci, 2018). Some buildings were inspected more than once, because of 
the subsequent main shocks.

A total of 2 678 inspections of school buildings were carried out; 66 % of the buildings were judged safe and the 
remaining 34 % (27 % slightly, 7 % very) unsafe (Di Ludovico et al., 2018, 2019).
.
Table 2. Summary of the results of the damage and usability inspections on public and strategic buildings and structures Source: DPC

Public and strategic buildings 
and structures Safe Slightly 

unsafe
Very 

unsafe Total Safe Slightly 
unsafe

Very 
unsafe Safe Slightly 

unsafe
Very 

unsafe
% of total % of category

Hospital and socio-health buildings 241 102 75 418 6 3 2 58 24 18

City hall buildings 240 167 89 496 6 4 2 48 34 18

Civil collective activity buildings 366 252 149 767 9 6 4 48 33 19

Military collective activity buildings 212 83 51 346 5 2 1 61 24 15

Religious collective activity 
buildings 92 109 129 330 2 3 3 28 33 39

Technological service buildings 80 25 45 150 2 1 1 53 17 30

Transportation structures 12 9 5 26 0 0 0 46 35 19

Other public sector buildings 768 382 355 1505 19 9 9 51 25 24

Grand total 2.011 1.129 898 4.038 50 28 22    

Almost 50 % of the 4 038 public and strategic buildings, excluding schools, were found to be unsafe, as shown 
in Table 2. The hospital system suffered serious consequences. Inspections on 18 complexes, made up of 80 
different buildings, found 14 hospital complexes and 32 buildings to be unsafe.

The road network in the affected area has a total length of more than 15 000 km and serves a territory with 1 
770 widespread towns and villages. The interplay between seismic events and associated geological co-seismic 
effects (e.g. landslides and rockfalls) had a strong impact on it (Dolce and Di Bucci, 2018; Durante et al., 2018). 
The rehabilitating interventions on the roads were all entrusted to the national road company ANAS, with EUR 
769 million of total investment (Soccodato et al., 2019). Local electrical and telecommunication blackouts and 

(1) http://www.reluis.it/index.php?option=com_content&view=category&id=80

 https://www.securityresearch-cou.eu/home 
http://www.reluis.it/index.php?option=com_content&view=category&id=80
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other issues were observed during the seismic sequence. However, the longest and most widespread blackout 
was caused by the extraordinary European cold wave of January 2017, probably connected to climate change, 
which occurred along with the seismic events of 18 January 2017 (parameters for the strongest of these seismic 
events in Table 1). 

Local electrical and telecommunication blackouts and other issues were observed during the seismic sequence. 
However, the longest and most widespread blackout was caused by the extraordinary European cold wave of 
January 2017, probably connected to climate change, which occurred along with the seismic events of 18 January 
2017 (parameters for the strongest of these seismic events in Table 1). Local unavailability of drinkable water 
and damage to gas infrastructure occurred during some stages of the seismic sequence. Hydrochemical changes 
in water have been described by Rosen et al. (2018) and De Luca et al. (2018). No or very limited damage to 
dams was observed. Infrastructure components are further discussed by Stewart et al. (2018). The limited 
impacts on, and the role of, the mobile telecommunication network in the different phases of the chain of events 
have also been pointed out (GSMA, 2017).

Some 5.200 damage inspections were carried out on immovable cultural heritage assets, 1 670 of which 
underwent post-earthquake stabilisation (MiBAC, 2018). These data do not include historic centres, such as those 
of the villages in the epicentral areas (see for example Sorrentino et al., 2018; Pessina et al., 2019). In these 
cases, there were significant impacts on tangible and intangible heritage. A huge number of movable cultural 
heritage assets were recovered: 22 131 artistic and archaeological assets, 5.44 km of archives and 15 229 books
Before the earthquake, the affected areas shared a slow but inexorable demographic and productive decline, 
which involved at first the manufacturing sector, but also agriculture, tourism, craftsmanship, the food industry 
and, consequently, trade. However, the socioeconomic impact was different from zone to zone, both because of 
the different shaking intensity and because not all the sectors and productive activities reacted the same way to 
the earthquake (Esposti et al., 2019).

The landscape, understood as the fruit of the relationship between humans and nature (Council of Europe, 2000; 
Priore, 2009), is likely to be greatly affected too. The temporary abandonment of territories, if prolonged over 
time, will potentially cause the loss of the landscape in that sense (Sargolini, 2017a).

3 Lessons learned

Time turns out to be a critical factor in post-earthquake recovery scenarios, 
because of multiple socioeconomic and other external factors.

3.1 Emergency and recovery

The damage and safety assessment of buildings has an important role in both the emergency management and 
reconstruction phases. In Italy, it is usually performed in accordance with the AeDES inspection form and the 
associated procedure (Baggio et al., 2007; Dolce et al., 2009; Papa et al., 2016a,b), but, after the October 2016 
earthquakes, a procedure based on a simplified inspection form had to be introduced to speed up inspections 
(Dolce and Di Bucci, 2017). A total of c. 8 000 operators were employed in the surveys. The continuity of school 
activity is crucial to avoid depopulation and support a rapid recovery to normal life conditions. Slightly damaged 
school buildings were quickly repaired, while alternative temporary solutions for seriously damaged schools were 
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implemented, such as temporary allocation of students to safe school buildings or in temporary prefabricated 
schools. Moreover, many students attended schools in the Adriatic coast towns, where part of the population of 
the disrupted villages was hosted.

Strong coordination of the health emergency management turns out to be essential. A coordination centre for 
health rescue in case of disaster was established for the rational deployment of resources, health experts and 
materials required in the affected area, and to prepare the assisted evacuation of patients in a critical condition. 
Eight advanced medical points, supplied by the four regions involved, were deployed as well as a socio-health 
assistance point. Three further socio-health assistance points came later from other regions. The medical assis-
tance in the affected area was directed to the main provincial and regional hospitals, since only minor hospitals 
had to be evacuated.

Infrastructure disruptions over time call for continuous adaptation of the response. In performing emergency 
and recovery infrastructural interventions, the dual aspect of urgent actions and long-term recovery had to be 
addressed. Public–private cooperation was very useful to handle infrastructure disruption and recovery. This 
was enabled by the organisation of the National Civil Protection Service, which includes companies dealing with 
road and railway networks, energy and telecommunication (Dolce and Di Bucci, 2018). Real-time monitoring of 
infrastructures can be very useful for emergency management. Indeed, some key infrastructure components 
(e.g. bridges, dams) were already monitored through the DPC-OSS and DPC-RAN national monitoring networks 
(OSS for Osservatorio Sismico delle Strutture, Seismic Observatory of Structures; RAN for Rete Accelerometrica 
Nazionale, National Strong-Motion Network; Dolce et al., 2015), giving potential insights into structural response 
that are useful for management decisions.

The production continuity of livestock farms is a priority for overcoming emergencies and for economic recovery. 
Many of them had their structures damaged. To allow farmers to continue their activities, most actions were 
aimed at assessing the safety of zootechnical constructions; evaluating the impact on zootechnical production 
and livestock health; conducting a livestock census; identifying solutions and tools to overcome zootechnical 
critical issues; and providing assistance programmes to farmers (see also United Nations, 2015). Temporary 
structures were placed near damaged farms to house farmers’ families and to provide for recovery of livestock, 
storage of feeds and milk conservation.

Cultural and architectural remains from collapsed heritage buildings have to be recovered for future restoration 
work. The Cultural Heritage Ministry provided procedures for the removal, classification and recovery of huge 
amounts of valuable rubble. Safe housing of rescued movable cultural heritage assets also requires facilities for 
their restoration. Adequate pre-existing facilities were not available in all the four affected regions, thus delaying 
recovery operations (Osservatorio Sisma, 2018). Umbria had already constructed a 5000 m2 earthquake-safe 
storage facility, where c. 7 000 movable assets as well as heritage rubble remains of the region were stored.
For all the aspects dealt with so far, time turns out to be a critical factor in post-earthquake recovery scenarios, 
because of multiple socioeconomic and other external factors.

3.2 Prevention and mitigation

The poor quality of the masonry in general and of its mortar in particular, as well as the lack of retrofit measures 
in masonry structures, combined with strong shaking, led to high collapse rates (Sorrentino et al., 2018). In con-
trast, previous structural retrofits typically preserved structures from collapse, thus saving lives inside (Stewart et 
al., 2018). This was the case in the historical centre of Norcia, where extensive retrofitting was implemented after 
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the 1979 and 1997 earthquakes. Adequate seismic performance was observed in modern masonry buildings 
made of hollow clay blockwork. Such a positive response is an encouraging indication for future building activity.
The serious damage to non-structural parts (typically infill masonry walls) of reinforced concrete buildings im-
plies high repair costs. Moreover, structural and non-structural damage was observed on several buildings previ-
ously subjected to energy efficiency upgrades, thus jeopardising the retrofitting investment. Therefore, in earth-
quake-prone areas, energy upgrading should be combined with seismic retrofitting in an integrated approach; 
otherwise, handling energy and structural/seismic retrofitting separately can turn out to be excessively expensive 
(Bournas, 2018; Gkournelos et al., 2019).

Awareness of interdependencies among different infrastructures was raised (GSMA, 2017). Mobile network oper-
ators reported that severe problems were caused by power shortages in the area. They asserted the importance 
of redundancy, in terms of both backup energy and mobile emergency equipment, as well as of prevention, 
training and communication.

The need to provide heritage assets with adequate seismic protection has to be emphasised. Aside from their 
cultural and socioeconomic importance, some of them, e.g. churches, can be crowded at certain times. Improving 
their seismic performance seems a logical step, but the reality is different. The complex structural behaviour of 
this type of buildings makes their seismic retrofitting technically challenging (e.g. Cardani and Belluco, 2018). 
Moreover, there is a cultural divide between the engineering and conservation views of cultural heritage preser-
vation. Borri and Corradi (2019) refer to examples of conservation bodies promoting the restoration of internal 
assets in churches without improving their seismic behaviour, not even using simple, inexpensive seismic devices 
(Penna et al., 2019).

3.3 Management and governance at national level 

Prevention and mitigation strategies have always been strongly influenced, in Italy, by the occurrence of cata-
strophic events. After the Mw 6.9 Irpinia earthquake in 1980, a new classification of the national territory was 
adopted and, in 1982, the DPC was established. During the Mw 5.9 Umbria–Marche earthquake emergency in 
1997, the civil protection system positively tested both its organisation and a new technical emergency man-
agement system (Baggio et al., 2007). After the Mw 5.7 Molise earthquakes in 2002 (Valensise et al., 2004), a 
Prime Minister’s ordinance enforced new seismic classification and seismic code aligned with the European Code 
(EN-1998, 2004). It also established that strategic and important public buildings and infrastructures had to be 
subjected to safety evaluations. 

Following the Mw 6.3 L’Aquila earthquake in 2009 (Dolce, 2010), new technical standards were enforced and 
almost EUR 1 billion was allocated for microzonation and seismic upgrading of strategic public buildings and 
infrastructures and of private buildings (Dolce, 2012). The Mw 5.9 Emilia earthquake in 2012 (Dolce and Di Bucci, 
2013) boosted initiatives for resilience improvement in the private production sector. Finally, after the central 
Italy 2016–17 sequence, technical standards were updated, and tax incentives for seismic retrofitting of private 
buildings were introduced, based on their risk classification (Cosenza et al., 2018).
Standard residential property insurance policies in Italy typically do not cover seismic damage (OECD, 2018). It 
is estimated that only 1 % of Italian residential properties are covered against earthquake risk. Introducing com-
pulsory seismic risk insurance would allow the Italian state to save progressively money paid for damage and 
then invest more in prevention.

According to the Italian Senate (Senato della Repubblica – Ufficio Valutazione Impatto, 2017), about 75 % of the 
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EUR 13 billion budget allocated for the reconstruction is devoted to infrastructure and real-estate assets. A large 
amount of the budget (c. 20 %) is also committed towards the resumption of economic activities and supporting 
the economic needs of the population.

Emergency and reconstruction management are closely related. Many of the choices made in the emergency 
phase can affect the success of the reconstruction and vice versa, as they are partly overlapping in time and 
activities. At the national level, this was managed through close relations between the civil protection and the 
special commissioner for the reconstruction. Similarly, continuous and close collaboration is needed among the 
national, regional and local levels of governance on the reconstruction process. The commissioner issued ordi-
nances to guide the decision-making activity of regions and municipalities. He also established a technical sci-
entific committee, which provided advice on planning and realizing the interventions of seismic adaptation and 
restoration of destroyed buildings. The interventions must be compatible with the protection of the architectural 
and environmental aspects, to obtain eco-sustainable architecture and energy efficiency (United Nations, 2015; 
Stimilli and Sargolini, 2019).

The reconstruction process must take into account the need for reinterpretation of the landscapes, as not 
everything can be rebuilt where it was and how it was. Only the renewal of the landscapes will be able to support 
the conservation of the Apennines’ culture (Gambino, 1997).

3.4 Management and governance at European level

Major European earthquakes over the last few decades – mostly in Italy (2002, 2009, 2012, 2016, 2017), Greece 
(2014, 2016), Iceland (2014) and Spain (2011) – have not only caused the loss of c. 1 000 lives, but also inflicted 
huge economic losses across Europe. The European Commission focused many European research projects on 
this topic, dealing with seismic hazard, vulnerability and risk assessment for buildings and critical infrastructures, 
and on real-time risk reduction. In particular, the SHARE (Seismic Hazard Harmonization in Europe) project de-
veloped the 2013 Euro-Mediterranean Seismic Hazard Model (ESHM13). Nevertheless, as observed in the vision 
paper produced by the Enhancing Synergies in the European Union (ESPREssO) project (Zuccaro et al., 2018), 
to support decision-making processes, such improved hazard models need to be integrated within risk/impact 
assessment approaches, to enable alternative mitigation and/or adaptation measures to be compared. In this 
direction, the ongoing SERA project (Seismology and Earthquake Engineering Research Infrastructure Alliance for 
Europe; European Commission, 2020), which builds on SHARE(2) , is developing the ESHM20 hazard model and a 
new risk model for Europe.

From an emergency management perspective, the relevance of improved emergency communications and 
monitoring tools to effective coordination and deployment of response bodies is evident. Within the Union Civil 
Protection Mechanism (UCPM), the consolidation of the Emergency Response Coordination Centre Common 
Emergency Communication and Information System allows better interinstitutional coordination, providing a web-
based alert and notification application. Moreover, the strengthening of the Copernicus Emergency Management 
Service can add value by rapid satellite mapping, responding to the need to support emergency response in the 
early operation phases, and to monitor recovery actions over time.

Structural prevention is one of the most important general policy targets for disaster risk reduction to be 
implemented in the coming years. For this reason, EU policy should consider incentivising seismic, as well as 
energy, retrofits in earthquake-prone regions. As of 2019, the Joint Research Centre is working on iRESIST+ 
(innovative seismic and energy retrofitting of the existing building stock; European Commission, 2019), a project 
(2) http://www.sera-eu.org/en/activities/joint-research/

 http://www.sera-eu.org/en/activities/joint-research/
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for the development of a novel approach to the simultaneous seismic and energy retrofitting of existing buildings.
Action 9 of the European framework for action on cultural heritage published in 2018 (European Commission, 
2018) recognises that seismic upgrading of historical buildings in Europe is increasingly important. In the 
framework of the UCPM (European Commission, 2017), the European Commission finances prevention and 
preparedness projects, including for cultural heritage, which will enhance the collection of data and foster 
prevention, preparedness and response capacities in case of natural disaster.

4 Filling the gaps

National and local governments should seek new and creative ways to build 
awareness, by involving communities in disaster planning and preparedness 

activities, and in the decision-making process.

4.1 Understanding risk

Population ageing, the depopulation of some areas, the effectiveness of educational and health infrastructures, 
and either a cohesive or a disintegrated social fabric affect earthquake impacts (Ismail-Zadeh and Cutter, 2015; 
Sartori, 2017). The discovery of the different dimensions of the vulnerability of communities adds knowledge 
necessary to promote resilience, i.e. the ability to channel community energy and territorial resources positively. 
Social and psychological aspects are important components of this vulnerability. They are analysed and taken 
into account in Italy, for instance to prepare a more effective emergency management (see, for instance, activi-
ties by “Psicologi per i Popoli” (3) ; Vaudo, 2018). This issue should be more developed in order to build up commu-
nities’ awareness and resilience. The policies for the affected areas should be designed so that post-earthquake 
reconstruction relaunches them strategically.

The Principles for the analysis, conservation and structural restoration of architectural heritage (ICOMOS, 2003, 
statement 3.5) state that ‘each intervention should be in proportion to the safety objectives set, thus keeping 
intervention to the minimum to guarantee safety and durability with the least harm to heritage values’. The co-
operation of several sectors and types of expertise is needed, including to deal with the considerable uncertain-
ties in the knowledge of the construction, its old materials, its complex structural behaviour, and the interaction 
between the construction and the modern retrofitting solutions (Cardani and Belluco, 2018; Penna et al., 2019). 
Recent advances in some materials suggest interesting new solutions (Valluzzi, 2016; Rousakis, 2018), but a 
careful approach is necessary, promoting scientific tests to validate new retrofitting materials and techniques, as 
well as dissemination to professionals.

Structural response monitoring has shown its usefulness for understanding risk. During the three main shocks, 
37, 59 and 60 structural monitoring systems of DPC-OSS(4)  (Dolce et al., 2015) were triggered. The scientific 
exploitation of the relevant records provides important contributions to understanding the seismic response of 
structures. Future advances in information and communication technology and lower instrument and telecom-
munication costs can hugely increase the number of constructions monitored.

Post-seismic surveys after major earthquakes are fundamental to learn lessons from the field, and train young 

(3) http://www.psicologiperipopoli.it/
(4) http://oss.protezionecivile.it

 http://www.psicologiperipopoli.it/
 http://oss.protezionecivile.it
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specialists. Their objective is to collect factual information, draw important lessons and promote preventative 
recommendations (earthquake-resistant design, monitoring data, population information, town planning, socioec-
onomic aspects). From a regulatory viewpoint, the second generation of Eurocode 8, to be published in 2021–22, 
is an opportunity to step back and take stock.

4.2 Planning risk reduction

Only responsible regional and municipal planning offers a response to the increasingly complex realities faced 
by communities, by linking disaster risk reduction, emergency management and response with other policy fields 
(Sargolini, 2017b). Risk assessment and management should be an integrated part of the planning and govern-
ance process (Moroni, 2010). 

A multilevel and multi-stakeholder participation approach would be most effective (UNISDR, 2015). Possible roles 
of territorial planning in disaster risk reduction are (Greiving et al., 2007) (1) classifying different land use settings 
for disaster-prone areas; (2) regulating and differentiating land use or zoning plans with a legally binding status 
related to a given hazard/vulnerability combination; (3) providing evidence bases, such as hazards and risk maps, 
and detailed datasets of information to evaluate territorial plans against, in order to understand the possible 
consequences of disasters on land use allocations, also considering some degree of risk acceptability. According 
to the Incheon Declaration (Incheon, 2009), the most appropriate level to implement the functions of territorial 
planning in disaster risk reduction is the local government level.

The seismic vulnerability of school buildings (Dolce, 2004; Di Ludovico et al., 2019) deserves special care for the 
social consequences that their damage and collapse bring about. A specific comprehensive plan is needed to seis-
mically upgrade the huge number of inadequate schools within a reasonable time horizon. Moreover, a plan for 
school emergency management should be prepared by the ministry of education and the civil protection national 
authority.

4.3 Implementing risk reduction

National and local governments should seek new and creative ways to build awareness, by involving communities 
in disaster planning and preparedness activities, and, more generally, in the decision-making process (Johnson et 
al., 2005; Di Bucci and Savadori, 2018). The attention of the media after major events should be exploited to in-
crease public awareness, disseminate basic technical knowledge and promote political actions to increase preven-
tion, preparedness and resilience. It is necessary to engage the population in three disaster phases: (1) preparing 
for disasters, when risk awareness and resilience preparedness are key concepts; (2) reacting to a disaster situa-
tion, when emergency communication and community integration have to be ensured; (3) overcoming a disaster 
event, when the affected area should be integrated with community and recovery support.

For a true community-based support approach after a disaster, optimal use of local skills and resources has to be 
made. It is also important to consider recovery support as a process, and not simply as the supply of products and 
services. Currently, a substantial gap still remains in the research (Djalante and Thomalla, 2011; Banba and Shaw, 
2017). More specifically, there is a literature gap on the connection between the notions of participatory govern-
ance, disaster governance and building community resilience. One specific design of reflexive and participatory 
governance is in the concept of transition management (Kemp and Rotmans, 2009; Loorbach, 2010).
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5 Final remarks

The reconstruction process, while reducing risk, should preserve the specific 
characteristics and landscape of the territory, and promote innovation in 

production systems to avoid further depopulation.

The impact of the 2016–2017 moderate to strong earthquakes on assets and communities was high. Manage-
ment of the emergency was made difficult by the long duration of the sequence, which struck a territory that was 
vulnerable from both physical and socioeconomic points of view. The main assets, especially dwellings, schools, 
hospitals, transport infrastructure and cultural heritage, were severely damaged, and the communities and the 
local production systems, mainly based on rural micro-enterprises, were severely affected.

Many important lessons can be learned in various fields, from the most technical ones to those related to the re-
construction process, which should also preserve the identity and the landscape of the territory, while promoting 
innovation in the production system to allow people to remain there.

The recurrence of strong earthquakes for 5 months made the emergency and recovery phases extremely compli-
cated, and time has turned out to be critical owing to multiple socioeconomic and other external factors. Damage 
and safety assessment is crucial for both phases, since its outcome is needed to ensure safety and the continuity 
of residence, schooling and production, especially by zootechnical firms in the central Italy case. This continuity 
and effective infrastructures are fundamental to avoid depopulation and to support a prompt recovery to normal 
life conditions. In this case study, the repeated infrastructure disruptions over time called for continuous adap-
tation of the response, and public–private cooperation was very useful to handle infrastructure disruption and 
recovery.

Structural prevention is sorely needed, especially because of the high vulnerability of old masonry buildings. 
Indeed, seismic retrofitting of old buildings, as well as the use of modern masonry in new buildings, has turned 
out to be effective in avoiding collapse and reducing damage. Non-structural parts of modern reinforced concrete 
buildings not designed in accordance with the most recent codes underwent severe damage. Special attention is 
required when energy efficiency upgrading is carried out. Generally speaking, in future it should be combined with 
seismic retrofitting. In any case, the interventions must be compatible with the protection of the architectural and 
environmental aspects, to obtain eco-sustainable architecture and energy efficiency. A specific comprehensive 
plan is especially needed to seismically upgrade the huge number of inadequate schools within a reasonable 
time.

Cultural heritage requires a great effort in the emergency phase, not only to secure damaged immovable assets 
but also to recover cultural and architectural remains from collapsed heritage buildings for future restoration 
work. Facilities are also needed to safely house rescued movable cultural heritage assets, and to restore them. 
The need to provide heritage assets with adequate seismic upgrading is emphasised once again. However, a care-
ful approach is necessary, promoting scientific tests to validate new retrofit materials and techniques for built 
heritage, as well as dissemination to professionals.
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Interdependencies among different infrastructures were demonstrated, and there is a need for greater attention 
to them and for public–private cooperation to deal with this problem in a more comprehensive way.

Disaster risk reduction, and particularly structural prevention, is one of the most important general policy targets 
to be implemented in the coming years. For this reason, besides energy retrofitting, EU policy should consider 
incentivising seismic retrofits in earthquake-prone regions. Discovering different dimensions of the community’s 
vulnerability adds knowledge that is necessary to promote resilience. National and local governments should 
seek new and creative ways to build awareness, by involving communities in disaster planning and preparedness 
activities. Optimal use of local skills and resources should be looked for. Only responsible, regional and municipal, 
comprehensive planning offers a response to the increasing complexities faced by communities.

Emergency and reconstruction management are closely related. Many of the choices made in the emergency 
phase can influence the success of the reconstruction and vice versa as they are partly overlapping in time and 
activities. The reconstruction process must take into account the need for reinterpretation of the landscapes, 
since not everything can be rebuilt where it was and how it was. A continuous and close multilevel collaboration 
is needed among local, regional, national and EU governance on the reconstruction process.

Not all issues related to the disaster caused by the 2016–2017 central Italy earthquakes could be considered in 
this chapter. However, the wide variety of issues discussed provides an example of complex emergency manage-
ment, prevention activities and governance at national and European levels, and shows how long the process is 
to reach an effective disaster risk reduction strategy.

ACKNOWLEDGEMENTS
The 7th contributing author would like to acknowledge the financial support from POCI-01-0145-FEDER-030469 - RIACT – Risk Indicators for the Analysis of Cultural heritage 
under Threat, by FEDER through COMPETE2020 - Programa Operacional Competitividade e Internacionalização (POCI) and by national funds through FCT - Fundação para a 
Ciência e a Tecnologia, and the financial support from Base Funding - UIDB/04708/2020 of CONSTRUCT - Instituto de I&D em Estruturas e Construções, by national funds through 
FCT/MCTES (PIDDAC).



146

References

Baggio, C., Bernardini, A., Colozza, R., Corazza, L., Della Bella, M., Di Pasquale, G., Dolce, M., Goretti, A., Martinelli, A., Orsini, G., Papa, F., Zuccaro, 
G., 2007, Field Manual for post-earthquake damage and safety assessment and short term countermeasures (AeDES), European 
Commission – Joint Research Centre Institute for the Protection and Security of the Citizen, published in Italy, 100 pages, ISSN 
1018-5593.

Banba, M., Shaw, R. (eds.), 2017, Land use management in disaster risk reduction, 476 pages, Springer Japan. DOI: 10.1007/978-4-431-
56442-3

Boncio, P., Lavecchia, G., Pace, B., 2004, ‘Defining a model of 3D seismogenic sources for Seismic Hazard Assessment applications: The case 
of central Apennines (Italy)’, Journal of Seismology, Vol. 8, pp. 407–425.

Borri, A., Corradi, M., 2019, ‘Architectural heritage: A discussion on conservation and safety’, Heritage, Vol. 2, No 1, pp. 631–647.

Bournas, D. A., 2018, ‘Concurrent seismic and energy retrofitting of RC and masonry building envelopes using inorganic textile-based 
composites with insulation materials: A new concept’, Composites Part B: Engineering, Vol. 148, pp. 166–179, DOI: 10.1016/j.
compositesb.2018.04.002.

Cardani, G., Belluco, P., 2018, ‘Reducing the loss of built heritage in seismic areas’, Buildings, Vol. 8, No 2, 19, 1-12 pp. DOI:10.3390/
buildings8020019

Celano, F., Cimmino, M., Coppola, O., Magliulo, G., Salzano, P., 2016, Report dei danni registrati a seguito del terremoto del Centro Italia del 
24 agosto 2016 (Release 1), http://www.reluis.it/images/stories/Centre%20Italy%20earthquake%20damage%20report%20-%20
R1.pdf 

Cosenza, E., Del Vecchio, C., Di Ludovico, M., Dolce, M., Moroni, C., Prota, A., Renzi, E., 2018, ‘The Italian guidelines for seismic risk classification 
of constructions: Technical principles and validation’, Bulletin of Earthquake Engineering, Vol. 16, pp. 5905–593, DOI: 10.1007/
s10518-018-0431-8

Council of Europe, 2000, ‘European Landscape Convention’, https://www.coe.int/en/web/landscape.

Dall’Asta, A., Leoni, G., Morici, M., Dezi, L., Gara, F., Carbonari, S., 2016, Camerino: Report fotografico di edifici in zona rossa,  http://
www.reluis.it/index.php?option=com_content&view=article&id=528 %3Acamerino-report-fotografico-di-edifici-in-zona-
rossa&catid=80 %3Aterremoto-italia-centrale-2016&Itemid=195&lang=it.

De Luca, G., Di Carlo, G., Tallini, M., 2018, ‘A record of changes in the Gran Sasso groundwater before, during and after the 2016 Amatrice 
earthquake, central Italy’, Nature Scientific Reports, Vol. 8, 15982, DOI: 10.1038/s41598-018-34444-1.

Del Vecchio, C., Prota, A., Da Porto, F., Modena, C., 2016, Report fotografico relativo ad alcuni edifici delle frazioni di Amatrice situati lungo 
la SP20, http://www.reluis.it/index.php?option=com_content&view=article&id=467%20%3Areport-fotografico-relativo-ad-alcuni-
edifici-delle-frazioni-di-amatrice-situati-lungo-la-sp20&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it. 

Di Bucci, D., Savadori, L., 2018, ‘Defining the acceptable level of risk for civil protection purposes: A behavioral perspective on the decision 
process’, Natural Hazards, Vol. 90, pp. 293–324, DOI: 10.1007/s11069-017-3046-5.

Di Ludovico, M., Digrisolo, A., Moroni, C., Graziotti, F., Manfredi, V., Prota, A., Dolce, M., Manfredi, G., 2018, ‘Remarks on damage and response 
of school buildings during the Central Italy earthquake sequence’, Bulletin of Earthquake Engineering, Vol. 17, pp. 5679–5700, DOI: 
10.1007/s10518-018-0332-x.

Di Ludovico, M., Santoro, A., De Martino, G., Moroni, C., Manfredi, V., Prota, A., Dolce, M., Manfredi, G., 2019, ‘Cumulative damage on school 
buildings following the 2016 central Italy earthquake sequence’, Bollettino di Geofisica Teorica ed Applicata, Vol. 60, No 2, pp. 165–
182, DOI: 10.4430/bgta0240

Djalante, R., Thomalla, F., 2011, ‘Community resilience to natural hazards and climate change impacts: A review of definitions and operational 
frameworks’, Asian Journal of Environment and Disaster Management (AJEDM) - Focusing on Pro-Active Risk Reduction in Asia 
01/2010, Vol. 3, No 3, DOI: 10.3850/S1793924011000952.

Dolce, M., 2004, Chapter 3 ‘Seismic safety of schools in Italy’, in: Proceedings of the OECD Ad Hoc Experts’ Group Meeting on 
Earthquake Safety in Schools, 9–11 February 2004, Paris, France. PEB OECD, Pars, https://www.preventionweb.net/files/8205_
keepingschoolsafeinearthquake.pdf. 

Dolce, M., 2010, ‘Emergency and post-emergency management of the Abruzzi earthquake: Theme-leader lecture’, in: Garevski, M., Ansal, A. 
(eds.), Earthquake Engineering in Europe, Springer, Dordrecht, DOI: 10.1007/978-90-481-9544-2_19.

Dolce, M., 2012, ‘The Italian National Seismic Prevention Program’, keynote presented at the 15th World Conference on Earthquake 
Engineering, September 2012, Lisboa, Portugal.

http://www.reluis.it/images/stories/Centre%20Italy%20earthquake%20damage%20report%20-%20R1.pdf
http://www.reluis.it/images/stories/Centre%20Italy%20earthquake%20damage%20report%20-%20R1.pdf
https://www.coe.int/en/web/landscape
http://www.reluis.it/index.php?option=com_content&view=article&id=467%20%3Areport-fotografico-relativo-ad-alcuni-edifici-delle-frazioni-di-amatrice-situati-lungo-la-sp20&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it
http://www.reluis.it/index.php?option=com_content&view=article&id=467%20%3Areport-fotografico-relativo-ad-alcuni-edifici-delle-frazioni-di-amatrice-situati-lungo-la-sp20&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it
https://www.preventionweb.net/files/8205_keepingschoolsafeinearthquake.pdf
https://www.preventionweb.net/files/8205_keepingschoolsafeinearthquake.pdf


SUPER CASE STUDY 1  EARTHQUAKES IN CENTRAL ITALY IN 201-2016

147

Dolce, M., Di Bucci, D., 2013, ‘National civil protection organization and technical activities in the 2012 Emilia earthquakes (Italy)’, Bulletin 
of Earthquake Engineering, Vol. 12, pp. 2231–2253, DOI: 10.1007/s10518-014-9597-x.

Dolce, M., Di Bucci, D., 2017, ‘Comparing recent Italian earthquakes’, Bulletin of Earthquake Engineering, Vol. 15, No 2, pp. 497–533, DOI: 
10.1007/s10518-015-9773-7. 

Dolce, M., Di Bucci, D., 2018, ‘The 2016–17 Central Apennines seismic sequence: Analogies and differences with recent Italian earthquakes’, 
in: Pitilakis, K. (ed.), Recent Advances in Earthquake Engineering in Europe: 16th European Conference on Earthquake Engineering – 
Thessaloniki 2018, Geotechnical, Geological and Earthquake Engineering, No 46, Springer, Cham, pp. 603–638, DOI: 10.1007/978-
3-319-75741-4_26.

Dolce, M., Di Pasquale, G., Albanese, V., Benetti, D., Bramerini, F., Coppari, S., Corina, A., De Rosa, A., De Sortis, A., Emili, P., Ferlito, R., Filippi, L., 
Giordano, F., Goretti, A., Lo Presti, T., Lucantoni, A., Mercuri, M., Moroni, C., Orlandi, N., Paoli, G., Papa, F., Pizza, A., Procida, F., Rinaldelli, 
M., Sergio, S., Severino, M., Speranza, E., Veschi, A., Zambonelli, E., Manfredi, G., Di Ludovico, M., Palermo, G., Prota, A., Verderame, G., 
Corazza, L., Cifani, G., Mannella, A, Martinelli. A., 2009, ‘Rilievi speditivi: rilievi per l’agibilità sismica’, Progettazione Sismica, No 3, 
pp 95-103.

Dolce, M., Nicoletti, M., De Sortis, A., Marchesini, S., Spina, D., Talanas, F., 2015, ‘Osservatorio sismico delle strutture: The Italian structural 
seismic monitoring network’, Bulletin of Earthquake Engineering, DOI: 10.1007/s10518-015-9738-x.

DPC, n.d., ‘Italian Strong Motion Network - RAN Download’, http://ran.protezionecivile.it/EN/ 

DPC, 2018a, National Risk Assessment – Overview of the potential major disasters in Italy: Seismic, volcanic, tsunami, hydro-geological/
hydraulic and extreme weather, droughts and forest fire risks, http://www.protezionecivile.gov.it/documents/20182/823803/Docume
nto+sulla+Valutazione+nazionale+dei+rischi/57f337fd-a421-4cb0-b04c-234b61997a2f.  

DPC, 2018b, I numeri del sisma in Centro Italia (dati aggiornati al 22  agosto 2018), http://www.protezionecivile.gov.it/
documents/20182/823803/Relazione+di+aggiornamento+numeri+dell%27emergenza+%2822+agosto+2018%29/46833852-
846a-49ca-b55b-b6c4e04376df 

Durante, M. G., Di Sarno, L., Zimmaro, P., Stewart, J. P., 2018, ‘Damage to roadway infrastructure from 2016 central Italy earthquake 
sequence’, Earthquake Spectra, Vol. 34, No 4, pp. 1721–1737.

Emergeo Working Group, 2017, ‘Photographic collection of the coseismic geological effects originated by the 24th August 2016, Amatrice 
(Central Italy) seismic sequence’, Miscellanea INGV, Vol. 34, pp. 1–114, http://editoria.rm.ingv.it/miscellanea/2017/miscellanea34/.

EN 1998-1, 2004, Eurocode 8: Design of structures for earthquake resistance – Part 1: General rules, seismic actions and rules for buildings 
[Authority: The European Union Per Regulation 305/2011, Directive 98/34/EC, Directive 2004/18/EC].

Esposti, R., Baldoni, E., Coderoni, S., 2019, ‘Attività produttive ed economia del cratere’, in: Pierantoni, I., Salvi, D., Sargolini, M. (eds.), Nuovi 
sentieri di sviluppo per l’Appennino Marchigiano dopo il sisma del 2016, Quaderni del Consiglio Regionale delle Marche, Regione 
Marche (Italy).

European Commission, 2017, Commission Implementation Decision C(2017) 8567 final of 19.12.2017 adopting the Annual Work Programme 
2018 in the framework of Decision No 1313/2013/EU of the European Parliament and of the Council on a Union Civil Protection 
Mechanism.

European Commission, 2018, Staff working document – European Framework for Action on Cultural Heritage (SWD 491).

European Commission, 2019, ‘iRESIST+ – Innovative seismic and energy retrofitting of the existing building stock’, https://ec.europa.eu/jrc/
en/research-topic/improving-safety-construction/i-resist-plus. 

European Commission, 2020, SERA - Seismology and Earthquake Engineering Research Infrastructure Alliance for Europe. https://cordis.
europa.eu/project/id/730900

Galli, P., Peronace, E., Tertulliani, A. (eds.), 2016, Rapporto sugli effetti macrosismici del terremoto del 24 Agosto 2016 di Amatrice in scala 
MCS, joint report, DPC, CNR-IGAG, INGV, Rome, DOI: 10.5281/zenodo.161323.

Galli, P., Castenetto, S., Peronace, E. (eds.), 2017, Rapporto sugli effetti macrosismici del terremoto del 30 Ottobre 2016 (Monti Sibillini) 
in scala MCS, joint report, DPC, CNR-IGAG, Rome, http://www.protezionecivile.gov.it/resources/cms/documents/Rapporto_effetti_
macrosismici_terremoto_30_Ottobre_2016_18_genn__.pdf. 

Gambino, R., 1997, Conservare innovare: Paesaggio ambiente territorio, Utet, Torino, Italy.

Gkournelos, P. D., Bournas, D. A., Triantafillou, T. C., 2019, ‘Combined seismic and energy upgrading of existing reinforced concrete 

http://ran.protezionecivile.it/EN/
http://www.protezionecivile.gov.it/documents/20182/823803/Documento+sulla+Valutazione+nazionale+dei+rischi/57f337fd-a421-4cb0-b04c-234b61997a2f
http://www.protezionecivile.gov.it/documents/20182/823803/Documento+sulla+Valutazione+nazionale+dei+rischi/57f337fd-a421-4cb0-b04c-234b61997a2f
http://www.protezionecivile.gov.it/documents/20182/823803/Relazione+di+aggiornamento+numeri+dell%27emergenza+%2822+agosto+2018%29/46833852-846a-49ca-b55b-b6c4e04376df
http://www.protezionecivile.gov.it/documents/20182/823803/Relazione+di+aggiornamento+numeri+dell%27emergenza+%2822+agosto+2018%29/46833852-846a-49ca-b55b-b6c4e04376df
http://www.protezionecivile.gov.it/documents/20182/823803/Relazione+di+aggiornamento+numeri+dell%27emergenza+%2822+agosto+2018%29/46833852-846a-49ca-b55b-b6c4e04376df
http://editoria.rm.ingv.it/miscellanea/2017/miscellanea34/
https://ec.europa.eu/jrc/en/research-topic/improving-safety-construction/i-resist-plus
https://ec.europa.eu/jrc/en/research-topic/improving-safety-construction/i-resist-plus
https://cordis.europa.eu/project/id/730900
https://cordis.europa.eu/project/id/730900
http://www.protezionecivile.gov.it/resources/cms/documents/Rapporto_effetti_macrosismici_terremoto_30_Ottobre_2016_18_genn__.pdf
http://www.protezionecivile.gov.it/resources/cms/documents/Rapporto_effetti_macrosismici_terremoto_30_Ottobre_2016_18_genn__.pdf


148

buildings using TRM jacketing and thermal insulation’, Earthquakes and Structures, Vol. 16, No 5, pp. 625–639, DOI: 10.12989/
EAS.2019.16.5.625.

Greiving, S., Fleischhauer, M., Wanczura, S., 2007, ‘Management of natural hazards in Europe: The role of spatial planning in selected EU member 
states’, Journal of Environmental Planning and Management, Vol. 49, No 5, pp. 739-757, DOI: 10.1080/09640560600850044.

GSMA, 2017, Italy Earthquake Response and Recovery: A disaster response case study, GSMA, London, https://www.gsma.com/
mobilefordevelopment/wp-content/uploads/2017/04/Italy-Earthquake-Response-and-Recovery-A-Case-Study.pdf. 

ICOMOS, 2003, Principles for the analysis, conservation and structural restoration of architectural heritage, International Council on 
Monuments and Sites, Charenton-le-Pont, France. https://www.icomos.org/en/about-the-centre/179-articles-en-francais/ressources/
charters-and-standards/165-icomos-charter-principles-for-the-analysis-conservation-and-structural-restoration-of-architectural-
heritage.

Incheon, 2009, Building a local government alliance for disaster risk reduction. Summary from 11-13 August 2009 Conference, Incheon 
(after comments and approval in plenary), opened by the UN Secretary-General, Ban Ki-moon, https://www.unisdr.org/campaign/
resilientcities/assets/about/documents/Incheon-Declaration-2009.pdf. 

Ismail-Zadeh, A., Cutter, S. (eds.), 2015, Disaster risks research and assessment to promote risk reduction and management, ICSU-ISSC, 
Paris, https://www.preventionweb.net/publications/view/43219. 

Istituto Nazionale di Geofisica e Vulcanologia, n.d., ‘Earthquake list’, http://cnt.rm.ingv.it/. 

Istituto Nazionale di Geofisica e Vulcanologia, 2019, ‘Mappa epicentrale della sequencza sismica per il periodo 23-08-2016: 01-10-2019, 
http://bit.ly/2nmdlZ4 

Johnson, L., Dwelley Samant, L., Frew, S., 2005, Planning for the Unexpected: Land-use development and risk, American Planning Association, 
Chicago.

Kemp, R., Rotmans, J., 2009, ‘Transitioning policy: Co-production of a new strategic framework for energy innovation policy in the Netherlands 
Policy’, Policy Sciences, Vol. 42, No 4, pp. 303–322.

Loorbach, D., 2010, ‘Transition management for sustainable development: A prescriptive, complexity-based governance framework’, 
Governance, Vol. 23, No 1, pp. 161–183.

Menna, C., Frascadore, R., Moroni, C., Lignola, G.P., De Martino, G., Salzano, A., Di Ludovico, M., Prota, A., Manfredi, G., Cosenza, E., 2016, 
Rapporto fotografico relative ai danni subiti da alcuni edifici a seguito del sisma del Centro Italia del 2016, http://www.reluis.it/index.
php?option=com_content&view=article&id=456%20%3Arapporto-fotografico-relativo-ai-danni-subiti-da-alcuni-edifici-a-seguito-
del-sisma-del-centro-italia-del-2016&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it. 

MiBAC, 2018, Sisma Centro Italia Report 2018, Ministero per i beni e le attività culturali, Rome, Italy, http://www.beniculturali.it/mibac/export/
MiBAC/sito-MiBAC/Contenuti/visualizza_asset.html_1255629620.html. 

Moroni, S., 2010, ‘An evolutionary theory of institutions and a dynamic approach to reform’, Planning Theory, Vol. 9 No 4, pp. 275–297.

OECD, 2018, Financial Management of Earthquake Risk, www.oecd.org/finance/Financial-Management-of-Earthquake-Risk.htm. 

Osservatorio Sisma, 2018, Lo stato di avanzamento dei lavori nelle aree colpite dal Sisma 2016–2017, Osservatorio Sisma, 
Fillea-CGIL, Legambiente, 2018/12, http://osservatoriosisma.it/wp-content/uploads/2018/12/OsservatorioSisma-Stato-
avanzamentoDicembre2018.pdf.

Papa, F., Pizza, A. G., Dolce, M., 2016a, ‘Le attività tecniche in emergenza’, in: Mariani, M. (ed.), Sisma Emilia 2012: Dall’evento alla gestione 
tecnica dell’emergenza, Edizioni Pendragon, Bologna, pp. 49–62.

Papa, F., Pizza, A.G., Dolce, M., 2016b, ‘Le attività di sopralluogo nel terremoto in Emilia Romagna’, in: Mariani, M. (ed.), Sisma Emilia 2012: 
Dall’evento alla gestione tecnica dell’emergenza, Edizioni Pendragon, Bologna, pp. 63–74.

Penna, A., Calderini, C., Sorrentino, L., Carocci, C. F., Cescatti, E., Sisti, R., Borri, A., Modena, C., Prota, A., 2019, ‘Damage to churches in the 2016 
central Italy earthquakes’, Bulletin of Earthquake Engineering, DOI: 10.1007/s10518-019-00594-4.

Pessina, V., Hailemikael, S., Buffarini, G., Bernardini, F., Camassi, R., Del Mese, S., Ercolani, E., Fodarella, A., Locati, M., Martini, G., Paciello, 
A., Paolini, S., Arcoraci, L., Castellano, C., Verrubbi, V., Stucchi, M., 2019, ‘The 2016–2017 earthquake sequence in Central Italy: 
macroseismic survey and damage scenario through the EMS-98 intensity assessment’, Bulletin of Earthquake Engineering, Vol. 17, 
No 5, pp. 2407–2431.

Pizzi, A., Galadini, F., 2009, ‘Pre-existing cross-structures and active fault segmentation in the northern-central Apennines (Italy)’, 

https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2017/04/Italy-Earthquake-Response-and-Recovery-A-Case-Study.pdf
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2017/04/Italy-Earthquake-Response-and-Recovery-A-Case-Study.pdf
https://www.icomos.org/en/about-the-centre/179-articles-en-francais/ressources/charters-and-standards/165-icomos-charter-principles-for-the-analysis-conservation-and-structural-restoration-of-architectural-heritage
https://www.icomos.org/en/about-the-centre/179-articles-en-francais/ressources/charters-and-standards/165-icomos-charter-principles-for-the-analysis-conservation-and-structural-restoration-of-architectural-heritage
https://www.icomos.org/en/about-the-centre/179-articles-en-francais/ressources/charters-and-standards/165-icomos-charter-principles-for-the-analysis-conservation-and-structural-restoration-of-architectural-heritage
https://www.unisdr.org/campaign/resilientcities/assets/about/documents/Incheon-Declaration-2009.pdf
https://www.unisdr.org/campaign/resilientcities/assets/about/documents/Incheon-Declaration-2009.pdf
https://www.preventionweb.net/publications/view/43219
http://cnt.rm.ingv.it/
http://bit.ly/2nmdlZ4
http://www.reluis.it/index.php?option=com_content&view=article&id=456%20%3Arapporto-fotografico-relativo-ai-danni-subiti-da-alcuni-edifici-a-seguito-del-sisma-del-centro-italia-del-2016&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it
http://www.reluis.it/index.php?option=com_content&view=article&id=456%20%3Arapporto-fotografico-relativo-ai-danni-subiti-da-alcuni-edifici-a-seguito-del-sisma-del-centro-italia-del-2016&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it
http://www.reluis.it/index.php?option=com_content&view=article&id=456%20%3Arapporto-fotografico-relativo-ai-danni-subiti-da-alcuni-edifici-a-seguito-del-sisma-del-centro-italia-del-2016&catid=80%20%3Aterremoto-italia-centrale-2016&Itemid=195&lang=it
http://www.beniculturali.it/mibac/export/MiBAC/sito-MiBAC/Contenuti/visualizza_asset.html_1255629620.html
http://www.beniculturali.it/mibac/export/MiBAC/sito-MiBAC/Contenuti/visualizza_asset.html_1255629620.html
http://www.oecd.org/finance/Financial-Management-of-Earthquake-Risk.htm
http://osservatoriosisma.it/wp-content/uploads/2018/12/OsservatorioSisma-Stato-avanzamentoDicembre2018.pdf. 
http://osservatoriosisma.it/wp-content/uploads/2018/12/OsservatorioSisma-Stato-avanzamentoDicembre2018.pdf. 


SUPER CASE STUDY 1  EARTHQUAKES IN CENTRAL ITALY IN 201-2016

149

Tectonophysics, Vol. 476, No 1–2, DOI: 10.1016/j.tecto.2009.03.018.

Priore, R., 2009, No People, No Landscape – La Convenzione europea del paesaggio: Luci e ombre nel processo di attuazione in Italia, Franco 
Angeli, Milano, Italy.

Rosen, M. R., Binda, G., Archer, C., Pozzi, A., Michetti, A. M., Noble, P. J., 2018, ‘Mechanisms of earthquake-induced chemical and fluid transport 
to carbonate groundwater springs after earthquakes’, Water Resources Research, Vol. 54, No 8, pp. 5225–5244.

Rousakis, T., 2018, ‘Inherent seismic resilience of RC columns externally confined with nonbonded composite ropes’, Composites Part B: 
Engineering, Vol. 135, pp. 142–148.

Sargolini, M., 2017a, ‘Paesaggi da rigenerare’, in: Esposito, F., Russo, M., Sargolini, M., Sartori, L., Virgili, V. (eds.), Building Back Better: Idee e 
percorsi per la costruzione di comunità resilienti, Carocci editore, Rome, pp. 120-127.

Sargolini, M., 2017b, Eventi sismici: non ci facciamo più cogliere di sorpresa, AgriregioniEuropa, No 51, https://agriregionieuropa.univpm.it/it/
content/article/31/51/eventi-sismici-non-ci-facciamo-piu-cogliere-di-sorpresa. 

Sartori, L., 2017, ‘Innovazione sociale tra vulnerabilità e resilienza delle comunità e dei territori’, in Esposito, F., Russo, M., Sargolini, M., 
Sartori, L., Virgili, V. (eds.), Building Back Better: Idee e percorsi per la costruzione di comunità resilienti, Carocci editore, Rome, pp. 
47-54.

Senato della Repubblica – Ufficio Valutazione Impatto, 2017, Terremoti – L’Aquila, Reggio-Emilia, Centro Italia: politiche e risorse per ricostruire 
il Paese, Documento di analisi No 7, http://www.senato.it/japp/bgt/showdoc/17/DOSSIER/0/1068799/index.html?part=dossier_
dossier1. 

Soccodato, F. M., De Franciscis, F., Giovannini, G., 2019, ‘Seismic events in central Italy in 2016–2017 and the road serviceability interventions’, 
paper presented at the 26th World Road Congress, Abu Dhabi, 6-10 October 2019.

Sorrentino, L., Cattari, S., da Porto, F., Magenes, G., Penna, A., 2018, ‘Seismic behaviour of ordinary masonry buildings during the 2016 central 
Italy earthquakes’, Bulletin of Earthquake Engineering, DOI: 10.1007/s10518-018-0370-4.

Stewart, J. P., Zimmaro, P., Lanzo, G., Mazzoni, S., Ausilio, E., Aversa, S., Bozzoni, F., Cairo, R., Capatti, M. C., Castiglia, M., Chiabrando, F., 
Chiaradonna, A., D’Onofrio, A., Dashti, S., De Risi, R., De Silva, F., Della Pasqua, F., Dezi, F., Di Domenica, A., Di Sarno, L., Durante, M. G., 
Falcucci, E., Foti, S., Franke, K. W., Galadini, F., Giallini, S., Gori, S., Kayen, R. E., Kishida, T., Lingua, A., Lingwall, B., Mucciacciaro, M., 
Pagliaroli, A., Passeri, F., Pelekis, P., Pizzi, A., Reimschiissel, B., Santo, A., Santucci, F., De Magistris, F., Scasserra, G., Sextos, A., Sica, S., 
Silvestri, F., Simonelli, A. L., Spanò, A., Tommasi, P., Tropeano, G., 2018, ‘Reconnaissance of 2016 central Italy earthquake sequence’, 
Earthquake Spectra, Vol. 34, pp. 1547–1555.

Stimilli, F., Sargolini, M., 2019, ‘Regeneration of historical urban landscapes in the hinterland of Marche region’, in: Obad Šćitaroci, M., Bojanić 
Obad Šćitaroci, B., Mrđa, A. (eds.), Cultural Urban Heritage, Urban Book Series, Springer, Cham.

Stucchi, M., Meletti, C., Montaldo, V., Akinci, A., Faccioli, E., Gasperini, P., Malagnini, L., Valensise, G., 2004, ‘Pericolosità sismica di riferimento 
per il territorio nazionale MPS04’, dataset, Istituto Nazionale di Geofisica e Vulcanologia, DOI: 10.13127/sh/mps04/ag.

Tertulliani, A., Azzaro, R. (eds.), 2016a, ‘QUEST – Rilievo macrosismico in EMS98 per il terremoto di Amatrice del 24 agosto 2016’, DOI: 
10.5281/zenodo.160707.

Tertulliani, A., Azzaro, R. (eds.), 2016b, ‘QUEST – Rilievo macrosismico per i terremoti nell’Italia centrale: Aggiornamento dopo le scosse del 
26 e 30 ottobre 2016. Aggiornamento al 21 dicembre 2016’, DOI: 10.5281/zenodo.238778.

Tertulliani, A., Azzaro, R. (eds.), 2017, ‘QUEST – Rilievo macrosismico in EMS98 per la sequenza sismica in Italia Centrale: Aggiornamento 
dopo il 18 gennaio 2017’, internal report, INGV, DOI: 10.5281/zenodo.556929.

UNISDR (United Nations International Strategy for Disaster Reduction), 2015, Sendai Framework for Disaster Risk Reduction, 2015–2030, 
United Nations, Geneva.

United Nations, 2015, Transforming Our World: The 2030 Agenda for Sustainable Development, https://sustainabledevelopment.un.org/
post2015/transformingourworld/publication. 

Valensise, G., Pantosti, D., Basili, R., 2004, ‘Seismology and tectonic setting of the 2002 Molise, Italy, earthquake’, Earthquake Spectra, 
Vol. 20, No S1, pp. S23–S37, DOI: 10.1193/1.1756136.

Valensise, G., Vannoli, P., Basili, R., Bonini, L., Burrato, P., Carafa, M. M. C., Fracassi, U., Kastelic, V., Maesano, F. E., Tiberti, M. M., Tarabusi, G., 
2016, ‘Fossil landscapes and youthful seismogenic sources in the central Apennines: Excerpts from the 24 August 2016, Amatrice 
earthquake and seismic hazard implications’, Annals of Geophysics, Vol. 59, Fast Track 5, DOI: 10.4401/Ag-7215.

https://agriregionieuropa.univpm.it/it/content/article/31/51/eventi-sismici-non-ci-facciamo-piu-cogliere-di-sorpresa
https://agriregionieuropa.univpm.it/it/content/article/31/51/eventi-sismici-non-ci-facciamo-piu-cogliere-di-sorpresa
http://www.senato.it/japp/bgt/showdoc/17/DOSSIER/0/1068799/index.html?part=dossier_dossier1
http://www.senato.it/japp/bgt/showdoc/17/DOSSIER/0/1068799/index.html?part=dossier_dossier1
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://doi.org/10.1193/1.1756136


150

Valluzzi, M., 2016, ‘Challenges and perspectives for the protection of masonry structures in historic centers: The role of innovative materials 
and techniques’, RILEM Technical Letters, Vol. 1, pp. 45–49.

Vaudo, G., 2018, ‘Sisma centro Italia: Peculiarità nel supporto psicologico’, Rivista di Psicologia dell’Emergenza e dell’Assistenza Umanitaria, 
Vol. 19, pp. 6–9, http://www.psicologiperipopoli.it/files/Numero%2019%20vau.pdf. 

Zuccaro, G., Leone, M. F., Martucci, C., Grandjean, G., Lauta, K. C. (eds.), 2018, ESPREssO vision paper on future research strategies following 
the Sendai Framework for DRR 2015–2030, http://www.espressoproject.eu/. 

http://www.psicologiperipopoli.it/files/Numero%2019%20vau.pdf
http://www.espressoproject.eu/

