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Introduction 
Throughout history, individuals and communities were exposed to the impact of earthquakes, which often 

resulted with major loss of life and destruction. The earthquakes cannot be considered only as natural 

disaster, because the main cause of the damage, injures and loss of human lives is insufficient resistance 

of the building stock and infrastructures. Therefore, it is easy to understand all the efforts taken to reduce 

seismic risks, i.e. taking of activities to prevent, adopt and reduce the impacts of seismic events.  

For the last 20 years, an international acknowledgement that efforts to reduce seismic risks were 

systematically integrated into policies, plans and programmes for sustainable development and poverty 

reduction, and supported through bilateral, regional and international cooperation, including 

partnerships. Sustainable development, poverty reduction, good governance and seismic risk reduction 

are mutually supportive objectives, and in order to meet the challenges ahead, accelerated efforts must 

be made to build the necessary capacities at the community and national levels to manage and reduce 

risk.  

The importance of promoting seismic risk reduction efforts on the international and regional levels as well 

as the national and local levels has been recognized in the past few years in a number of key multilateral 

frameworks and declarations. Mentioned policies, frameworks and declarations are the starting point for 

development of seismic risk management plan that define all phases of management comprising 

mitigation, preparedness, emergency response and recovery. 

Seismic risk reduction through the effective approaches based on seismic risk assessment and 

development of management plans enables the achievement of global requirements given by different 

disaster risk reduction platforms like The Sendai Framework for Disaster Risk Reduction 2015-2020 1, 

Hyogo Framework for Action 2005-2015 2, The Yokohama Strategy 1995-2005 3, Directive 2012/18/EU 

of the European Parliament and Council 4 and Decision no. 1313/2013/eu of the European Parliament 

and of the Council of 17 December 2013 on a Union Civil Protection Mechanism 5. In addition to the 

platforms that provide general guidelines for reducing all risks, the documents resulted from a number of 

international and European projects, conclusions from important workshops on seismic risk management, 

as well as numerous scientific papers dealing with seismic hazard, vulnerability and risk are important for 

the seismic risk management. 

As a member of the United Nations, the Republic of Croatia was established a national platform for 

disaster risk reduction in 2009. The attention of the Croatian platform for reduction of disaster risk is 

focused on the implementation of the main priorities to reduce disaster risks.  Another important 

organization is National Protection and Rescue Directorate (DUZS) of Republic of Croatia, which is 
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responsible for organization of actions, tasks, drills and workshops in order to build the disaster resilience 

on the national level. The directorate is also responsible for preparing the Disaster Risk Assessment of the 

Republic of Croatia, a basic document for the development of disaster action plans for all entities in the 

protection and rescue system. The document Disaster Risk Assessment for the Republic of Croatia 7, 8 is 

a basis for drafting similar documents at the regional and local level 9, 10. 

This document is organized as follows. General considerations related to seismic risk assessment and 

seismic risk management is given in Chapter 2. Chapter 3 gives an overview on legal framework 

considering international and EU national legislation related to disaster risk assessment generally with 

special focus on seismic risk assessment and management. Review of recommendations, platforms, 

directives and strategies for building the resilience to disasters in the Republic of Croatia at national, 

regional and local level is given in Chapter 4. Chapter 5 analyses differences, weaknesses and 

shortcomings of existing strategies and plans for seismic risk management in the Republic of Croatia, at 

the regional (Split-Dalmatia County) and local level (City of Split, City of Kaštela), in relation to European 

guidelines in forecasting, prevention, management in crisis situations and in the post-crisis period. Brief 

description of the main steps in seismic risk assessment of the test site, applied in this project, with focus 

on analysis of seismic hazard, vulnerability and seismic risk is elaborated in Chapter 6.  Considering the 

weaknesses and shortcomings of existing strategies and plans in Croatia, developed methodology and 

main findings of the project, Chapter 7 gives guidelines for improving existing seismic risk management 

plans. 

The main activities to reduce seismic risk of the existing urban area are directed to vulnerability and risk 

evaluation of existing structures and incentives for risk reduction by strengthening existing structures like 

strategic buildings, dwelling and historical buildings. In this project the methodology for vulnerability 

assessment on large scale, based on calculation of vulnerability indexes, is developed and demonstrated 

in the test site Kaštel Kambelovac, one of the seven settlements of the City of Kaštela (Fig. 1).  



 
 
 
                                 
 
 
 
 
 

 
 
7 

 
 
 
  

  

   

 

Fig. 1. Settlements and geographic position of the City of Kaštela [11] 

The relevant area covers around 45000 square meters and includes more than 400 buildings. The 

settlement consists of a historical core with stone masonry buildings built between XV and XIX centuries 

(Fig. 2) and of the parts outside the historical core dating from the beginning of the XX century to 

nowadays (north, east and west parts in Fig. 3).   

 

Fig. 2. A view of an old historical core, Kaštel Kambelovac 



 
 
 
                                 
 
 
 
 
 

 
 
8 

 
 
 
  

  

   

 

Fig. 3. Test site Kaštel Kambelovac with four characteristic parts 

The buildings in the Kaštel Kambelovac were constructed in different periods according to different 

technical regulation. The oldest buildings were constructed before 1948; then, some blocks were erected 

from 1949 to 1964, from 1964 to 1982, and from 1982 to 2005. The most modern buildings have been 

built from 2005 onwards. Regarding to the specificity of the test site, the vulnerability assessment was 

proposed at two levels. The first one is classification of buildings according to their construction period 

considering the fact that application of different building codes in the past reflected on the structural 

earthquake resistance and vulnerability. The second level is categorization of the buildings according the 

vulnerability index. Seismic risk was expressed in terms of damage index and seismic risk index. 

The main findings related to the vulnerability of the buildings and whole area are the basis for 

development of local strategies to reduce seismic risk which should be included into seismic risk 

management plan. 

1. Seismic risk assesment and seismic risk management 
 

1.1 Seismic hazard, vulnerability and risk  

1.1.1 Earthquake definition 

An earthquake is characterised by a series of vibrations on the earth’s surface induce by generation of 

elastic (seismic) waves causes buildings to be pushed backwards and forwards and causes serious damage 

or even collapse if the buildings have not been constructed to anti-seismic criteria. Earthquakes can also 

generate secondary effects, such as landslides, tidal waves, land liquefaction and fires. The damaging 

potential of an earthquake depends on the depth between the hypocentre and epicentre, the distance 

between epicentre and position of the building, but also on local ground conditions. 
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The influence of the earthquake can be defined with magnitude and macroseismic intensity. Magnitude 

is a measure of energy released by the earthquake and it is commonly measured on Richter scale. 

Macroseismic intensity measures the effects caused by an earthquake, expressed in degrees on the 

Modified Mercalli intensity (MMI) scale, European macroseismic scale (EMS-98) or Medvedev Sponheur 

Karnik (MSK) scale. 

Seismic risk represents a probabilistic measure of the damage expected in given interval. Risk depends on 

seismic hazard, on the vulnerability of the considered assets at risk and on the exposure.  

1.1.2 Seismic hazard 

Seismic hazard describes the level of ground shaking at the earth’s surface which can be expected due to 

potential future earthquake activity. It is based on knowledge of past earthquakes, geology, and tectonics, 

and takes into account different factors that may affect the strength of the shaking at given location.  

Seismic hazard assessment is the process of evaluating the design parameters of earthquake ground 

motion at any site. It can be performed in a deterministic or in a probabilistic framework. Deterministic 

description considers an earthquake scenario with a given magnitude and distance, often referred as 

event scenario. In the case of probability description, it expresses the probability of exceedance of levels 

of ground motion in a certain time interval and it is defined by probabilistic seismic hazard analysis. In 

both cases, the intensity of the seismic action is representative for a given probability of exceedance. 

The seismic hazard assessment procedure involves the following steps: (1) the identification of potential 

earthquake zones by using the past earthquakes and seismic data; (2) the determination of earthquake 

parameters related to each zone; (3) the evaluation of seismic hazard for intensities and peak ground 

accelerations; and (4) the determination of seismic hazard at a site by using attenuation relations and site 

effects.  

The most used design parameters are intensity and peak ground acceleration. Building dynamic response 

and damage are most often related to peak ground acceleration, especially since it is used as design 

parameter in calculation of lateral forces acting on a structure during an earthquake event. Therefore, 

modern seismic design codes are based on representation of the earthquake by peak ground acceleration.  

The seismic hazard of the area usually represents with seismic hazard maps expressed in terms of the 

peak horizontal ground acceleration during an earthquake for certain return period. According to 

Eurocode 8 and corresponding Croatian norm [12, 13] the map for the return period of 475 years, with a 

probability of exceedance of 10% in 50 years, is used in designing earthquake resistant buildings. The map 
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for the return period of 95 years, with a probability of exceedance of 10% in 10 years, is used in order to 

satisfy the fundamental requirements in damage limitation states.   

1.1.3 Seismic vulnerability 

Seismic vulnerability is a building’s predisposition to be damaged and collapsed due to a seismic event of 

a given intensity. 

One of the main causes of human lives during an earthquake is building collapse. To reduce the loss of 

human lives, buildings must be made safe. Laws governing construction in seismic zones today state that 

buildings must not be damaged by low-intensity earthquakes, must not be structurally damaged by 

medium-intensity earthquakes and must not collapse in the event of severe earthquakes despite suffering 

serious damage. 

Seismic vulnerability of the buildings is calculated on the basis of various factors such as type od the 

structural system, age of the building, quality of materials, construction methods, location, vicinity to 

other buildings, non-structural elements, maintenance, etc.  

There are different approaches for the evaluation of the structural vulnerability, depending on the level 

of detail of the typology of analysis and the sample of buildings. In case of the seismic vulnerability analysis 

of a large sample of buildings, for which the detailed analysis of each structure can be prohibitively 

expensive to perform, expeditious empirical methods is usually used. These methods are mainly based on 

qualitative evaluations. The approach is used for analysis on a territorial scale and it represents the first 

step in order to detect the most vulnerable buildings, which must be investigated with detailed analyses. 

Analytical/mechanical methods allow the study of the seismic vulnerability through analyses of the 

mechanical behaviour of the structure using the models with different levels of complexity. Recently, the 

hybrid methods, which presents the combination of two previous methods, are used to define seismic 

vulnerability of at urban scale. In that way, the empirical information coming from expeditious empirical 

survey can be combined with experimental and numerical tests to calibrate the vulnerability model for a 

specified site. The validity of the model is extended to small or medium urban areas characterized by 

repetitiveness of building typologies. The hybrid method can be used as a first estimation of the structural 

behaviour for the considered structures. 

Information about the vulnerability of a territory given by vulnerability maps is really important in 

emergency phase because civil protection bodies have possibility to plan and manage operations with 

awareness of the territory and of the associated risks.  
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1.1.4 Seismic exposure 

The exposure measures the quality and quantity of the "elements" exposed to the risk (in terms of human 

lives, economic resources, artistic or cultural ones ...). One of the main objectives for a general earthquake 

protection programme is safeguarding human life. Therefore, it is very important to assess the number of 

people involved, dead and/or injured. 

There are various different causes for loss of human life during the earthquake: the collapse of buildings, 

bridges and other infrastructural systems, road accidents, etc. The phenomena such as landslides, land 

liquefaction, tidal waves and fires, triggered by the earthquake, can also causes the human losses. Various 

statistics obtained from major earthquakes around the world have shown that around 25% of deaths in 

an earthquake are due to none structural damage of buildings (falling partition walls, glass, cornices, roof 

tiles, etc.) and phenomena caused by the earthquake. 

Estimation of number of people involved in the earthquake can be performed using calculations based on 

the number of collapsed or damaged buildings. Several considerations are needed to be able to make 

these estimates: the number of people living in the buildings, the time of the earthquake, the possibilities 

of escape and/or protection, how people were affected (dead or injured) and the possibility of dying even 

after aid has been given. It is very difficult to accurately estimate the consequences of an earthquake in 

terms of human lives at different times of the day and year. The number of people living in a house varies 

from region to region, from the city to the countryside and depends on the size of families. Additionally, 

the number of people present in a building depends on its use. Reference to the kind of buildings and 

relative inhabitants may provide a global estimate acceptable for violent earthquakes that affect large 

areas. 

1.1.5 Seismic risk 

The seismic risk is a function of three components: (1) the seismic hazard of the area, which expresses the 

probability that, in a given area and in a certain period of time, an earthquake of a given intensity occurs, 

(2) the vulnerability of the structure, which represents the trend of the structure to suffer damage due to 

a seismic event of a given intensity and (3) the exposure, which measures the quality and quantity of the 

elements exposed to the risk (in terms of human lives, economic resources,...). All of these elements 

contribute in the definition of the level of risk and they must be considered in the evaluation of the level 

of safety of an existing one.  

Seismic risk can be expressed in terms of damage and in terms of consequences 14 . In a case of 

representing risk in terms of damage, the results are produced as conditional damage (with selected 

return period or intensity) or as unconditional damage (by selecting observation time window). Risk in 
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terms of consequences is expressed through damage-impact relation which are establish to present 

consequences in terms of economic losses, unusable buildings and causalities. Damage distribution is a 

basis for calculation of the impact. 

 

1.2 Seismic risk management 
 

Seismic risk management aims to reduce or avoid the impact of earthquake and the potential losses, react 

during and after the earthquake, assure prompt and appropriate help to victims and achieve rapid and 

effective recovery 15 .  

Generally, seismic risk management consist of activities before a disaster, during a disaster and after a 

disaster. Predisaster activities aim to reduce human and property loos cause by earthquake hazard. During 

the disaster, emergency response activities are taken to meet the needs of the victims and reduce 

suffering to a minimum. After the disaster, activities that will ensure early recovery and rehabilitation of 

affected communities are taken (response and recovery activities). 

The seismic risk management is based on a management cycle that is same as in the other disasters. 

Appropriate actions at all points in the cycle lead to greater preparedness, better warnings, reduced 

vulnerability and sometimes the prevention of new disasters. The complete seismic risk management 

cycle includes the making of public policies and plans that modify the causes of disasters or mitigate their 

effects on people, buildings, infrastructure and environment. 

The disaster risk management cycle consists of four phases: mitigation, preparedness, response and 

recovery. 

1.2.1 Mitigation 

Mitigation activities in seismic risk management aim to prevent, eliminate or reduce the effects of the 

earthquakes. Mitigation measures include development and application of building codes, vulnerability 

analyses, seismic microzoning, land use management and public education. Mitigation depends on the 

introduction of appropriate measures in national and regional development planning and on the 

availability of information on hazards, vulnerability and risks. Mitigation measures are particularly focused 

on: 

 Improving knowledge of the phenomenon, through the monitoring of the area and properly 

assessing the danger to which built-up areas, population and infrastructure systems are exposed; 
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 Implementing policies to reduce the vulnerability of older buildings, important buildings such as 

schools and monuments, strategic buildings such as hospitals, emergency management facilities; 

 Upgrading the seismic classification and regulation 

 Developing seismic microzoning studies as a basis for land-use planning that takes into account 

the seismic risk and to improve the operation and management standards of emergency after an 

earthquake; 

 Acting on the population in order to increase the degree of awareness about seismic risk. 

1.2.2 Preparedness 

Preparedness activities aim to ensure a satisfactory level of readiness to respond to any emergency 

situation through programs that strengthen the technical and managerial capacity of governments, 

organizations, and communities. Preparedness activities have to ensure that emergency services and 

people at risk are aware of how to react during an event. These measures can be described as logistical 

readiness to deal with disasters and can be enhanced by having response mechanisms and procedures, 

rehearsals, developing long-term and short-term strategies, public education and building early warning 

systems. Preparedness measures are also focused to ensure strategic reserves of food, equipment, water, 

medicines and other essentials are maintained in cases of catastrophes. During the preparedness phase, 

governments, organizations, and individuals develop plans to save lives, minimize disaster damage, and 

enhance disaster response operations.  

Preparedness measures include preparedness plans, emergency exercises/training, emergency 

communications systems, warning systems, evacuation plans and training, resource inventories, 

emergency personnel/contact lists, mutual aid agreements, and public information/education.  

1.2.3 Response 

The aim of emergency response is focused on the immediate needs of the population, such as the 

protection of life and property, emergency medical response, evacuation and transportation, 

decontamination, and the provision of food, water and shelter to victims and support the morale of the 

affected population. Such assistance may range from providing specific but limited aid, such as assisting 

refugees with transport, temporary shelter, and food, to establishing semi-permanent settlement in 

camps and other locations. It also may involve initial repairs to damaged infrastructure. The focus in the 

response phase is on meeting the basic needs of the people until more permanent and sustainable 

solutions can be found. Humanitarian organizations are often strongly present in this phase.  

In a case of a seismic event, it is important to have the first information necessary for immediate aid, 

especially the size, extension and localisation of damage. In this phase assessment tools based on damage 
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scenario simulations that allow planning and management of emergency response in real time are of 

crucial importance. These tools must be combined with activity to promptly assess the damage, to 

perform preliminary analysis and forecasts based on the first instrumental data obtained from the seismic 

monitoring network. In the event of earthquakes over the damage limit, prompt inspections are carried 

out with the aim of orienting and coordinating aid and resources during the emergency stage. This 

inspection consists of observing the level of damage and its distribution in the different locations. During 

the first hours after an earthquake, it is important to know as soon as possible the extent of the event and 

its impact in the area and on the population in order to activate, size and organise aid suitably. Activities 

focused on quick damage and agility assessment of public and private buildings and buildings of cultural 

interest play a fundamental role. In fact, these activities aim to safeguard public safety, guarantee the 

timely return of the population to their homes and carry out the first urgent measures to secure the 

buildings in order to reduce the disadvantage of the people affected and possible further damage. 

1.2.4 Recovery 

Recovery represents short and long term responses where the city authorities focus on clean-up and 

rebuilding. This can take months or even years. As the emergency is brought under control, the affected 

population is capable of undertaking a growing number of activities aimed at restoring their lives and the 

infrastructure that supports them. During the recovery period, there are many opportunities to enhance 

prevention, increase preparedness and reduce vulnerability.  

Recovery activities continue until all systems return to normal or better. Recovery measures, both short 

and long term, include returning vital life-support systems to minimum operating standards, temporary 

housing, public information, health and safety education, reconstruction, counselling programs, and 

economic impact studies. Information resources and services include data collection related to rebuilding, 

and documentation of lessons learned 15. 

1.2.5 Elements of seismic risk management in terms of duration  

Seismic risk management activities in terms of duration can be classified into following categories. 

Continuum activities for seismic risk reduction include: 

 ongoing development activities in development programme; 

 risk assessment to identify the risk; 

 prevention to avoid the adverse impact of hazards; 

 mitigation implying structural and non-structural measures undertaken to limit impact of the 

earthquake;  

 preparedness activities and measures taken to ensure effective response; 
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 early warning system to give timely information to avoid or reduce risk.  

Immediate disaster response encompass: 

 evacuation from the affected area if necessary;  

 protection of people and livelihoods during emergency; 

 immediate assistance during or after earthquake; 

 assessing damage and loss by ensuring information about impact of earthquake and loss. 

Post-disaster to continuum response is focused on: 

 continued assistance until certain level of recovery;  

 recovery actions taken after the earthquake to restore infrastructures and services; 

 reconstruction actions after the earthquake to ensures resettlements;  

 economic and social recovery to normalized economy and societal living; 

 risk assessment to identify new risks that communities may again face. 

2. Overview on legal framework considering international and EU 

national legislation related to seismic risk assessment and 

management 

2.1 Recommendations, platforms, directives and strategies for building the 

resilience to disasters on international level 
Disaster risk reduction platforms define the main goals, priorities, global targets and guiding principles to 

reduce all recognized disaster risks. European and national risk reduction directives and strategies take 

into account the requirements and objectives set in several important frameworks for disaster risk 

reduction at the global level, and a brief overview of the most important ones is presented below.  

2.1.1 Yokohama Strategy 1995-2005 

The Yokohama Strategy for a safer world Guidelines for Natural Disaster Prevention, Preparedness and 

Mitigation and its Plan of Action (Yokohama Strategy) 3, adopted in 1994, provides landmark guidance 

on reducing disaster risk and the impacts of disasters. 

Part I describes the principles on which a disaster reduction strategy should be based. Part II is a plan of 

action agreed upon by all member states of the United Nations. Part III gives some guidelines concerning 

the follow-up of action. 
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The review of progress made in implementing the Yokohama Strategy identified major challenges for in 

ensuring more systematic action to address disaster risks in the context of sustainable development and 

in building resilience through enhanced national and local capabilities to manage and reduce risk. 

The review stressed the importance of disaster risk reduction being underpinned by a more pro-active 

approach to informing, motivating and involving people in all aspects of disaster risk reduction in their 

own local communities. It also highlighted the scarcity of resources allocated specifically from 

development budgets for the realization of risk reduction objectives, either at the national or the regional 

level or through international cooperation and financial mechanisms, while noting the significant 

potential to better exploit existing resources and established practices for more effective disaster risk 

reduction. 

Specific gaps and challenges were identified in the following five main areas: 

 Governance: organizational, legal and policy frameworks; 

 Risk identification, assessment, monitoring and early warning; 

 Knowledge management and education; 

 Reducing underlying risk factors; 

 Preparedness for effective response and recovery. 

Drawing on the conclusions of the review of the Yokohama Strategy, and on the basis of deliberations at 

the World Conference on Disaster Reduction and especially the agreed expected outcome and strategic 

goals, the Conference has adopted the following five priorities for action: 

 Ensure that disaster risk reduction is a national and a local priority with a strong institutional basis 

for implementation; 

 Identify, assess and monitor disaster risks and enhance early warning; 

 Use knowledge, innovation and education to build a culture of safety and resilience at all levels. 

 Reduce the underlying risk factors; 

 Strengthen disaster preparedness for effective response at all levels; 

In their approach to disaster risk reduction, states, regional and international organizations and other 

actors concerned should take into consideration the key activities listed under each of these five priorities 

and should implement them, as appropriate, to their own circumstances and capacities. 
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2.1.2 Hyogo Framework for Action 2005-2015 

A series of extraordinary catastrophes, triggered by natural hazards between 2003 and 2005, highlighted 

and reminded the world the degree to which disaster risk now underlies and threatens development. The 

Bam earthquake of December 2003 in the Islamic Republic of Iran, the heat wave that affected Western 

Europe in 2003, the devastation caused by Hurricanes Ivan and Jeanne in Grenada and other Caribbean 

countries in September 2004, the Indian Ocean earthquake and tsunami in December 2004, Hurricane 

Katrina in the United States of America in August 2005 and the Kashmir earthquake of October 2005, 

accounted for more than 350,000 deaths and USD 194 billion of economic damage. However, these 

catastrophes were only the most visible manifestations of the ongoing unfolding of disaster risk. 

The response on these new challenges was the World Conference on Disaster Reduction held from 18th 

to 22nd January 2005 in Kobe, Hyogo, Japan. The result of the conference was adoption of the strategy 

Building the Resilience of Nations and Communities to Disasters (Framework for Action) 2 for period 

2005-2015. 

The Conference provided a unique opportunity to promote a strategic and systematic approach to 

reducing vulnerabilities and risks to hazards. It underscored the need for, and identified ways of, building 

the resilience of nations and communities to disasters. 

In the Framework for Action the vulnerability was defined as: “The conditions determined by physical, 

social, economic, and environmental factors or processes, which increase the susceptibility of a 

community to the impact of hazards” (UN/ISDR, Geneva 2004). Furthermore, the hazard was defined as: 

“A potentially damaging physical event, phenomenon or human activity that may cause the loss of life or 

injury, property damage, social and economic disruption or environmental degradation. Hazards can 

include latent conditions that may represent future threats and can have different origins: natural 

(geological, hydro-meteorological and biological) or induced by human processes (environmental 

degradation and technological hazards)” (UN/ISDR, Geneva 2004). 

The scope of this Framework for Action encompasses disasters caused by hazards of natural origin and 

related environmental and technological hazards and risks. It thus reflects a holistic and multi hazard 

approach to disaster risk management and the relationship, between them which can have a significant 

impact on social, economic, cultural, and environmental systems, as stressed in the Yokohama Strategy. 
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2.1.3 Sendai Framework for Disaster Risk Reduction 2015-2030 

The Third UN World Conference on Disaster Risk Reduction, held in Sendai City, Miyagi Prefecture, Japan 

18th March 2015, resulted with the Sendai Framework for Disaster Risk Reduction 2015-2030 1, which 

was adopted by UN Member States on 18th March 2015. The Sendai Framework is the first major 

agreement of the post-2015 development agenda, with seven targets and four priorities for action. 

The present framework can be applied to the risk of small-scale and large-scale, frequent and infrequent, 

sudden and slow-onset disasters, caused by natural or manmade hazards as well as related 

environmental, technological and biological hazards and risks. It aims to guide the multi-hazard 

management of disaster risk in development at all levels as well as within and across all sectors. 

Main goal is to prevent new and reduce existing disaster risk through the implementation of integrated 

and inclusive economic, structural, legal, social, health, cultural, educational, environmental, 

technological, political and institutional measures that prevent and reduce hazard exposure and 

vulnerability to disaster, increase preparedness for response and recovery, and thus strengthen resilience. 

The global targets of the framework are as follows: 

 Substantially reduce global disaster mortality by 2030, aiming to lower average per 100,000 global 

mortalities in 2020-2030 compared to 2005-2015; 

 Substantially reduce the number of affected people globally by 2030, aiming to lower the average 

global figure per 100,000 in 2020-2030 compared to 2005-2015; 

 Reduce direct disaster economic loss in relation to global gross domestic product (GDP) by 2030; 

 Substantially reduce disaster damage to critical infrastructure and disruption of basic services, 

among them health and educational facilities, including through developing their resilience by 

2030; 

 Substantially increase the number of countries with national and local disaster risk reduction 

strategies by 2020; 

 Substantially enhance international cooperation to developing countries through adequate and 

sustainable support to complement their national actions for implementation of this framework 

by 2030; 

 Substantially increase the availability of and access to multi-hazard early warning systems and 

disaster risk information and assessments to the people by 2030; 

 Through adequate and sustainable support to complement their national actions for 

implementation of this framework by 2030. 
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There is a need for focused action within and across sectors at local, national, regional and global levels 

in the following four priority areas: 

 Priority 1: Understanding disaster risk; 

 Priority 2: Strengthening disaster risk governance to manage disaster risk; 

 Priority 3: Investing in disaster risk reduction for Priority Understanding disaster risk resilience 

 Priority 4: Enhancing disaster preparedness for effective response, and to “Build Back Better” in 

recovery, rehabilitation and reconstruction. 

Guiding principles are: 

 Primary responsibility of states to prevent and reduce disaster risk, including through 

cooperation; 

 Shared responsibility between central government and national authorities, sectors and 

stakeholders as appropriate to national circumstances; 

 Protection of persons and their assets while promoting and protecting all human rights including 

the right to development; 

 Engagement from all of society; 

 Full engagement of all state institutions of an executive and legislative nature at national and local 

levels; 

 Empowerment of local authorities and communities through resources, incentives and decision-

making responsibilities as appropriate; 

 Decision-making to be inclusive and risk-informed while using a multi-hazard approach; 

 Coherence of disaster risk reduction and sustainable development policies, plans, practices and 

mechanisms, across different sectors; 

 Accounting of local and specific characteristics of disaster risks when determining measures to 

reduce risk; 

 Addressing underlying risk factors cost-effectively through investment versus relying primarily on 

post-disaster response and recovery; 

 “Build Back Better” for preventing the creation of, and reducing existing, disaster risk; 

 The quality of global partnership and international cooperation to be effective, meaningful and 

strong; 

 Support from developed countries and partners to developing countries to be tailored according 

to needs and priorities as identified by them. 
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2.2 Recommendations, platforms, directives and strategies for building the 

resilience to disasters on EU level 

2.2.1 Directive 2012/18/EU of the European Parliament and Council  

In July 2012, the European Parliament and the Council agreed on Directive 2012/18/EU on the control of 

major-accident hazards involving dangerous substances 4, amending and subsequently repealing 

Council Directive 96/82/EC. 

Council Directive 96/82/EC of 9 December 1996 on the control of major-accident hazards involving 

dangerous substances laid down rules for the prevention of major accidents which might result from 

certain industrial activities and the limitation of their consequences for human health and the 

environment. Since major accidents often have serious consequences, the impact can extend beyond 

national borders. This underlined the need to ensure that appropriate precautionary action is taken to 

ensure a high level of protection throughout the Union for citizens, communities and the environment. 

There is therefore a need to ensure that the existing high level of protection remains at least the same or 

increases. A review of that Directive has confirmed that some changes are required in order to further 

strengthen the level of protection, in particular with regard to the prevention of major accidents. At the 

same time the system established by Directive 96/82/EC should be adapted to changes to the Union 

system of classification of substances and mixtures to which that Directive refers. In addition, a number 

of other provisions should be clarified and updated. All these issues were addressed in the new directive 

2012/18/EU. Although the directive places great emphasis on dangerous substances, its provisions also 

apply to other risks. 

From the point of view of risk management and the development of risk management plans, articles 12, 

13 and 14 of Directive 2012/18/EU are of particular importance, which consider emergency planning, land 

use planning and informing the public about risk events.  

An obligation to prepare emergency plans (Article 12) is defined with the following objectives: 

 containing and controlling incidents in order to minimise the effects, and to limit damage to 

human health, the environment and property; 

 implementing the necessary measures to protect human health and the environment; 

 communicating the necessary information to the public and to the services or authorities; 

 providing for the restoration and clean-up of the environment after a major accident. 

The content of the emergency plan is defined in Annex IV. 
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The Directive prescribes that the objectives of preventing major accidents and limiting the consequences 

of such accidents for human health and the environment are taken into account in their land-use planning 

or other relevant policies (Article 13). Those objectives should be realized through controls on the siting 

of new and modification of existing establishments, as well as new developments including transport 

routes, locations of public use and residential areas in the vicinity of establishments, where the siting or 

developments may be the source of or increase the risk or consequences of a major accident.  

All information about accident (Article 14) should be permanently available to the public, including 

electronically. The information shall be kept updated, where necessary, including in the event of 

modifications. Items of information to the public is defined in Annex V. 

 

2.2.2 Decision no. 1313/2013/EU of the European Parliament and of the Council on a 

Union Civil Protection Mechanism  

The Union Civil Protection Mechanism is defined by the Decision no. 1313/2013/EU of the European 

Parliament and of the Council of 17 December 2013 5.  The main aim of the Decision is to strengthen 

the cooperation between the Union and the Member States and to facilitate coordination in the field of 

civil protection in order to improve the effectiveness of systems for preventing, preparing for and 

responding to natural and man-made disasters. The protection covers primarily people, but also the 

environment and property, including cultural heritage, against all kinds of natural and man-made 

disasters. The Decision lays down the general rules for the Union Mechanism and the rules for the 

provision of financial assistance under the Union Mechanism. 

The specific objectives of the Decision are as follows: 

 to achieve a high level of protection against disasters by preventing or reducing their potential 

effects, by fostering a culture of prevention and by improving cooperation between the civil 

protection and other relevant services; 

 to enhance preparedness at Member State and Union level to respond to disasters; 

 to facilitate rapid and efficient response in the event of disasters or imminent disasters; 

 to increase public awareness and preparedness for disasters. 

Prevention actions include action to improve the knowledge base on disaster risks and facilitate the 

sharing of knowledge, best practices and information, to support and promote risk assessment and 

mapping activity, to establish and regularly update a cross-sectoral overview and map of natural and man-

made disaster risks, to encourage an exchange of good practices on preparing national civil protection 
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systems, to promote and support the development and implementation of risk management activity, to 

compile and disseminate the information and to promote prevention measures. 

An Article 6 of the Decision is of the special importance because the Member States shall: 

 develop risk assessments at national or appropriate sub-national level and make available to the 

Commission summary of the relevant elements there of by 22 December 2015 and every three 

years thereafter; 

 develop and refine their disaster risk management planning at national or appropriate sub-

national level;  

 make available to the Commission the assessment of their risk management capability at national 

or appropriate sub-national level every three years following the finalisation of the relevant 

guidelines and whenever there are important changes; 

 participate, on a voluntary basis, in peer reviews on the assessment of risk management 

capability. 

Preparedness measures mainly contribute to development and better integration of transnational 

detection and early warning and alert systems, to establish and manage the capability to mobilise and 

dispatch expert teams, to establish and maintain the capability to provide logistical support for those 

expert teams, develop and maintain a network of trained experts, support the creation of voluntary peer 

review assessment programmes.  

The Decision also defines response in the event of a disaster and the financial envelope for the 

implementation of the Union Mechanism. 

 

2.2.3 Earthquake risk reduction in the European Union  

Earthquake is a serious threat in European Union, but it was also recognized that the main cause of the 

damage, injures and/or loss of human lives is insufficient resistance of the building stock and 

infrastructures. Significant effort to reduce seismic risk is done with the Eurocodes, through the 

promotion of Civil Protection and support of the research projects. However, the old buildings and 

infrastructures built long before the approval of the current seismic regulation contribute to significant 

damage and demolition of such buildings and numerous causalities.  

The first organized discussion on this problem at the European level in 2000, initiated intensive work of 

the European Association for Earthquake Engineering with EU Commission and other international 
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organizations to define and establish set of policies to reduce earthquake risk at local, national and EU 

level. In 2005 the European Association for Earthquake Engineering and the Portuguese Society for 

Earthquake Engineering, under the support of European Commission’s Joint Research Centre and UK 

society for Earthquakes and Civil Engineering Dynamics, organized workshop to define strategies and 

actions to reduce seismic risk in Europe. The result of the workshop is document Earthquake risk reduction 

in the European Union 16.   

The earthquake occurrence and distribution of earthquake hazard in Europe has shown the zones of the 

high seismic risk.  

The main consequences of the earthquake at the earth’s surface (fault rupture, landslides, subsidence 

and liquefaction, tsunamis and ground motion / ground shaking, fires) and actions to reduce these effects 

are defined. Possible actions are given as follows: 

 Fault rupture: Actions include not building across potential active faults except in extreme 

situations. 

 Landslides, subsidence and liquefaction: To avoid building in these zones or built taking adequate 

precautions like stabilization of the soil. 

 Tsunamis: Actions include (1) creation and maintenance of monitoring systems, (2) information 

and preparation of the population, (3) avoid the construction of the facilities with large 

concentration of the people (hospitals, schools, homes of elderly people with low mobility) and 

facilities with potential to cause environmental disaster, using territorial and urban planning 

instruments; (4) design to resist predictable levels of tsunami actions; 

 Ground motion / ground shaking: Ground motions cause more than 80% of the human and 

economic losses. Therefore, it is crucial to build constructions and infrastructures that resist 

earthquakes. The scientific knowledge of the seismology is used to estimate the probability of the 

exceedance of earthquake in given zones, which is the basis for seismic design according to the 

structural codes. Applying earthquake engineering knowledge has the capability to design and 

built earthquake resistant structures and equipment. The main actions include: (1) evaluation of 

the seismic resistance of existing building and strengthening those with insufficient seismic 

resistance, particularly the buildings built before 1980, (2) ensure the quality of new constructions 

as well as strengthening existing ones, (3) evaluate the seismic resistance of lifelines and 

transportation networks and strengthen if necessary, (4) evaluate the seismic resistance of 

industrial facilities and strengthen if necessary, (5) strengthen monuments and buildings of high 

cultural value. 
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 Fires: They can take place during and after the earthquake and cause significant damage and loss 

of live. Actions include education of the population to minimize the risks of the fires at private 

houses and offices and design of gas network. 

The role of Civil Protection actions in post-event actions is also discussed, especially: (1) in search and 

rescue operations which can reduce the number of victims and reduce damage, (2)  in recovery of the 

population and economy of the affected zones, providing support to the survivors, identification of safe 

and unsafe buildings and facilities and other activities important to bring the area to normality.   

The document also discuss importance of political background in EU and European dimension of the 

problem of natural catastrophes that is implicitly introduced in EU decisions and policies. The examples 

are: (1) support to research in the field of seismology and earthquake engineering, (2) the development 

of structural codes, especially Eurocode 8, (3) establishment of a centre for coordination of emergency 

aid which is important to optimisation of Civil Protection resources. 

The main action for the reduction of the seismic risk, proposed for potential application of EU funds are: 

 Territorial and urban planning; 

 Informing and preparation of the population; 

 Evaluation of the seismic resistance of existing building and strengthening those with insufficient 

seismic resistance (strategic and current buildings); 

 Ensuring the quality of construction; 

 Evaluation of the seismic resistance of lifelines and transportation networks and strengthen if 

necessary; 

 Evaluation of the seismic resistance of industrial facilities and strengthen if necessary; 

 Strengthening monuments and buildings of high cultural value; 

 Civil Protection actions. 

The role of codes, especially Eurocode 8, in the reduction of earthquake risk is analysed. 

Possible actions to support Civil Protection can be summarized as follows: 

 Risk reduction: (1) more careful land-use planning in view of seismic risk aspects and 

sustainability, development and improvement of the products for design and construction 

practice and education and training through the continuing educational programs, (2) promotion 

of activities for vulnerability and risk evaluation of existing structures, (3) incentives for risk 
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reduction by strengthening existing structures like strategic buildings, dwelling buildings, lifeline 

structures should be promoted and local government should be supported; 

 Mitigation of earthquake effects after an event: (1) improving preparedness in emergency 

operations through training programmes that consist of three components: courses, simulation 

exercises and exchange of experts systems, (2) improving monitoring and early warning systems, 

(3) improving survey methods for after-event operability assessment of buildings and lifelines. 

 Inter-government collaboration and use of the EU resources for emergency situations to help the 

affected region is important in the case of large earthquake. 

 

2.2.4 European Strategic Research Agenda on Earthquake Risk: Vision and Roadmap 

for implementation  

The seismic risk reduction strategy issued in 2007 16, has stimulated the implementation of several 

research European projects in FP7 program (i.e. SERIES, NERA, SYNER-G, SHARE, REAKT…) that dealt with 

seismic risk and included various scientific areas, from earthquake engineering and seismology to social 

and economic sciences. Document European Strategic Research Agenda on Earthquake Risk: Vision and 

Roadmap for implementation 17, published in 2013, arose as a result of previous strategies and research 

results, and gave a new impetus to creation a resilient European society. After a series of devastating 

earthquakes in the world, it was recognized that significant efforts should be undertaken to better 

definition of the hazard and the development of previously defined earthquake mitigation approaches.  

This document analyses the current situation in the field of seismic risk research, pays special attention 

to the previous document issued in 2007 16, and highlights the new objectives that need to be achieved 

in order to reduce the consequences of harmful seismic events. The recommendations in this document 

are not binding, but it suggests in which areas of research Europe needs to invest in order to increase the 

security of its citizens and property from adverse events. 

One of the emphasis of the document is on the reduction of earthquake risk through the assessment and 

retrofit of existing structures. The document recognized the problem of existing buildings in European 

urban areas, dating back to the mid-XX century and earlier, which cannot be treated as individual buildings 

as they constitute entire blocks of constructions where the different buildings are interdependent. These 

buildings are often of great historical value and undergo preservation works. Therefore, it is important to 

set up appropriate assessment and design methods and rules. 

The role of Civil Protection is also emphasized, as well as its contributions to prevention and preparedness, 

for instance by means of information on how the population can and must act before and during 
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earthquakes. Therefore, in tackling the earthquake problem, Civil Protection actions must be regarded as 

an indispensable and important complement of the main preventive policies, and research at a European 

level should consider means to make pre- and post-event Civil Protection actions more effective.  

3. Overview of recommendations, platforms, directives and 

strategies for building the resilience to disasters in the Republic 

of Croatia at national, regional and local level 

 

3.1 Analysis of legal framework for disaster reduction 
National laws, regulations and guidelines prescribe seismic risk management in the Republic of Croatia, 

together with all other risks through the platform for disaster risk reduction. 

As a member of the United Nations, the Republic of Croatia was obliged to establish a national platform 

for disaster risk reduction in accordance with the conclusions of the UN World Conference on Disaster Risk 

Reduction, held in January 2005 in Kobe, Japan, and Hyogo Framework for Action 2005-2015: Building the 

Resilience of Nations and Communities to Disasters, which defines the directions of action in the 

development of protection and rescue in the world for the period until 2015. Therefore, four years after 

the Hyogo framework, the Croatian platform for reduction of disaster risk was established in Zagreb in 

2009.  

The attention of the Croatian platform for reduction of disaster risk is focused on the implementation of 

the following five priorities:  

 Ensure that disaster risk reduction policy is a national and local community priority, with a strong 

institutional basis for its implementation; 

 Identify, assess and monitor disaster risks and develop an early warning system; 

 Use knowledge, innovation and education to develop and build a security and resilience at all 

levels; 

 Reduce existing disaster risks; 

 Strengthen preparedness for effective disaster response. 

It is worth mentioned that the national platform is focused much more on pre-disaster activities and 

significantly less on post-disaster response activities, although the platform should also discuss the 

community's capacity to strengthen response capacity, which includes developing forces for action, 

coordinating operational actions, strength of all participants, provision of logistical support, provision of 
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capacity to accommodate vulnerable populations, coordination of actions at all levels, from families, 

through local and regional self-government units to the state level. 

National Protection and Rescue Directorate (DUZS) of Republic of Croatia is responsible for organization 

of actions, tasks, drills and workshops in order to build the disaster resilience on the national level. The 

directorate is also responsible for preparing the Disaster Risk Assessment of the Republic of Croatia. The 

assessment is a basic document for the development of disaster action plans for all entities in the 

protection and rescue system, from central state administration bodies to operational forces (fire brigade, 

CZ, legal entities dealing with protection and rescue, citizens' associations), and also serves regional units 

and local governments in making their vulnerability assessments. 

As a member of the European Union, Croatia has adopted numerous obligations related to the disaster 

risk management. In accordance to Directive 2012/18/EU 4 and the Decision 1313/2013/EU (Article 6) 

of the European Parliament and of the Council of 17 December 2013 on a Union Civil Protection 

Mechanism 5, member countries were required to submit disaster risk assessment summaries to the 

European Commission (EC) by 22 December 2015. In 2014, Croatian Government issued the Decision to 

start the procedure for fulfilment of appropriate objectives. It resulted with the document Disaster Risk 

Assessment for the Republic of Croatia 7 in November 2015, made in accordance with the Ordinance on 

the methodology for preparing vulnerability assessments and protection and rescue plans (NN 30/14 and 

67/14) 18. According to the Law on Civil Protection System (NN 82/15 and 118/18) 19, the Government 

of the Republic of Croatia adopts the updated document Disaster Risk Assessment for the Republic of 

Croatia in 2018 8, fulfilling the Ordinance on Guidelines for the Development of Disaster Risk and Major 

Accident Risk Assessments for the Republic of Croatia and Local and Regional Self-Government Units (NN 

65/2016) 20, the Risk Assessment and Mapping Guidelines for Disaster Management SEC (2010) 1626 

21, and HRN ISO 31000 Risk Management 22.  

The document Disaster Risk Assessment for the Republic of Croatia 8 is a basis for drafting similar 

documents at the regional and local level. In all mentioned documents, seismic risk was recognized as 

unacceptable for the community. 
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3.2 Disaster Risk Assessment for the Republic of Croatia 
 

3.2.1 Disaster Risk Assessment for the Republic of Croatia (2015)  

The first version of the document Disaster risk assessment for the Republic of Croatia 7 date from 2015. 

This assessment was based on Guidelines for the Preparation of National Disaster Risk Assessment for the 

Republic of Croatia issued by the National Protection and Rescue Directorate (2014) in accordance with 

the Risk Assessment and Mapping Guidelines for Disaster Management SEC (2010) 1626 21, and HRN 

ISO 31000 Risk Management 22. One of the main objectives of the guidelines was to ensure 

comparability of individual risk assessments, both on the national level and on the EU level. In this 

document only part related to earthquake risk is analysed. 

Seismic hazard 

Considering that the Republic of Croatia belongs to the Mediterranean-Trans-Asian zone of high seismic 

activity, according to the European Seismic Hazard Map (Fig. 4a) [23] it is one of the most seismically 

endangered countries in Europe. The coastal area is most exposed to earthquakes, especially southern 

Dalmatia and north-western Croatia [24]. Fig. 4b shows the epicentres of all earthquakes in Croatia from 

373 BC. Kr. until 2011, and Fig. 4c with appropriate years among them stands out earthquakes with the 

greatest magnitudes [25]. The worst-case scenario for the Croatia was selected as the ground shaking in 

the City of Zagreb caused by an earthquake with return period defined in regulations for the design of 

seismic resistance. The scenario includes two levels of earthquake corresponding to the return period 

accepted in the current regulations for earthquake resistance design (Eurocode 8 [12, 13]), i.e. 95 years 

for the most probable adverse event (weaker earthquake) and 475 years for the event with the worst 

possible consequences (stronger earthquake), Fig. 5. The influence of local soil conditions was not taken 

into account. 
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Fig. 4. (a) Seismic hazard map in Europe [23]; (b) Earthquake epicentres in Croatia from 373 BC. Kr. until 

2011 [24]; (c) Epicentres of the largest earthquakes in Croatia [25]. 

  

Fig. 5. Seismic hazard maps for Republic of Croatia (PGA) for return periods: (a) 475 years; (b) 95 years 

[13] 

Exposure of existing buildings 

The existing building stock is categorized according to the characteristic types of buildings and load-

bearing structures, i.e. the method of construction, with appropriate construction periods. The 

categorization was made only for the City of Zagreb. 

Vulnerability and damage assessment of buildings 
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Assessing possible earthquake losses in seismically active areas is extremely important for implementing 

a risk mitigation strategy and planning emergency interventions in the event of a catastrophic event, and 

is therefore of particular interest to government authorities, but also to engineers in practice and the 

community. The assessment and expected behaviour of buildings is based on determining the prevalence 

of damage, which according to the extent of adverse impact on the load-bearing capacity of the structural 

system of the building is classified into five levels using European Macroseismic scale EMS-98 26. 

Vulnerability and damage assessments supplemented with expert assessments based on knowledge and 

experience with regard to specific local conditions (illegally constructed buildings, faults, landslides, 

quality of construction, specific typology of construction, etc.). Estimates are very rough given the lack of 

reliable parameters, contain subjective elements but also a number of specific limitations such as: 

 There are no systematized databases on the typology of construction, and there are a number of 

specific types of buildings such as prefabricated buildings such as Jugomont JU-60, buildings built 

with tunnel formwork; 

 A large number of illegally constructed buildings (without valid documentation) which include 

unfavourable interventions (e.g. demolition of load-bearing walls for shop windows) in the load-

bearing structure, i.e. change of essential requirements for the building; 

 Uncertainty in assessing the vulnerability of certain buildings due to differences in knowledge 

about old buildings in relation to buildings designed in accordance with modern regulations; 

 There are no data on the construction of buildings, materials used, possible construction errors, 

subsequent repairs; 

 Buildings are usually designed for a lifespan of 50 years which is exceeded (material degradation) 

in most of the existing housing stock. 

Presentation of consequences 

Assessment of consequences for the building stock is made according to available databases, previous 

experiences, recommended literature and specially made forms. 

The assessment of the consequences on human life and health is mostly related to the degree of damage 

to buildings, because without detailed research it is not possible to accurately estimate the number of 

dead and deeply, medium and shallowly buried. The consequences were estimated according to the 

number of endangered buildings. Therefore, the uncertainty of the assessment is related to the 

uncertainties in assessment of damage to buildings, but given the set criteria it is concluded that it will 

exceed many times the criterion of catastrophic consequences. 
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The assessment of the consequences for the economy was linked to direct and indirect losses. The direct 

consequences are also directly related to damage to buildings, i.e. uncertainties in the assessment are 

related to uncertainties in the assessment of damaged buildings. 

The assessment of the consequences for social stability and policy was related to the damage to the 

buildings in which key institutions are located and the damage to critical infrastructure. The fact that most 

of all buildings were built before 1964, i.e. before the first regulations that significantly take into account 

seismic action (significantly endangered) and given the high concentration of many elements of critical 

infrastructure, a catastrophic impact was assessed.  

The individual elements of the critical infrastructure have not been analysed because they require 

extensive research, so the assessment was made on the basis of context and in comparison with some 

existing data. However, the document emphasis that, between the possible consequences due to the 

impact on the infrastructure and strategic facilities of the urban area affected by the earthquake, the 

special mention should be made of: 

 Direct damage to roads due to earthquakes or their impassability due to secondary consequences, 

such as landslides or landslides, can make traffic difficult and slow down necessary actions 

immediately after an earthquake (rescue and evacuation, clearing of rubble, inspection of building 

damage, etc.); 

 Damage or demolition of buildings that are critical points of transport infrastructure, especially 

bridges, overpasses, retaining walls, etc. can disrupt important traffic flows; 

 Damage to industrial facilities at direct costs due to damage to buildings and equipment may 

include additional consequences for the employed population and the economy as a whole, and 

in some cases long-term consequences due to potential environmental hazards; 

 Interruptions in the telecommunications network due to damage to the population and 

emergency services can make communication difficult, and damage to the power network and 

utility infrastructure can slow down the work of emergency services and increase the feeling of 

insecurity of the population; 

 The risk of damage to hospitals and health centres with appropriate medical equipment can 

further endanger the most vulnerable population and make it difficult to provide sufficient 

capacity to care for the injured; 

 Damage to public social facilities such as theatres, museums and sports facilities can endanger 

the safety of large numbers of people and in the long run affect the normal course of social 

activities; 
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 Particular attention should be paid to damage to kindergartens, schools and higher education 

institutions, and damage to religious buildings and cultural and historical heritage can lead to 

irreparable losses and further demoralize the population; 

 In case of damage to buildings in which state administration activities take place, there is a danger 

of stagnation in the state administration and disturbance of political stability, and the safety and 

availability of emergency services, including fire and police, are of special importance. 

Seismic risk map for the Republic of Croatia is shown in Fig. 6.  

  

Fig. 6. Seismic risk map for Republic of Croatia [7] 
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3.2.2 Disaster Risk Assessment for the Republic of Croatia (2018)  

According to the Law on civil protection system (NN 82/15 and 118/18) 19, assessments must be 

updated every three years or more often when necessary. The updated risk assessment 8 is based on 

the risk assessment study conducted in 2015 7. In this updated document, the assessment of exposure 

and vulnerabilities has been improved. 

Seismic hazard was defined according to the mentioned map valid for the Republic of Croatia for 

horizontal peak ground acceleration with return periods of 475 and 95 years. The influence of local soil 

conditions was not taken into account.  

The assessment process was improved on the basis of selection of each building or group of buildings with 

similar properties and assignment of the corresponding load-bearing system. At the level of individual 

local districts, each type of structural system was associated with the number of residents. The number 

of casualties is estimated on the expected number of heavily damaged and collapsed buildings.  

The vulnerability analyses of the exposed buildings and evaluation of the respective economic losses were 

carried out using vulnerability and fragility curves 27. A set of curves was associated with each individual 

structural type. The procedure was conducted according to the macroseismic method in accordance with 

the RISK-UE project [28]. The damage was determined according to the EMS-98 scale with five damage 

states [26], while the vulnerability of buildings was expressed by vulnerability index [29].  

Damage factors, which represents a ratio of the cost of repair for each damage state and the total 

replacement cost of the building, were assumed in order to associate the economic losses to the expected 

structural damage. Vulnerability curves for characteristic building types were obtained by convolving 

building fragility curves with the cumulative cost of a given damage state, to estimate economic losses 

and fatalities for seismic scenarios in Zagreb. Total economic losses were calculated for each local board 

with respect to the structural systems and the number buildings. The estimate of fatalities was also made 

for each local board and was determined depending on the number of people residing in the collapsed 

buildings during the earthquake action.  

Analysis of the civil protection system is included in this document. In the context of assessing community 

resilience to the consequences of disasters, an analysis of the state of preparedness of the civil protection 

system is important. The results of this analysis are used in the process of analysing each individual and 

total risk, as well as for the development of specific projects to reduce vulnerability and determine 

priorities in the development of the capacity of the civil protection system. In this sense, the Assessment 

is used to determine the resilience of the community to the harmful effects of various threats, but also 

for the purpose of detecting weak links in the capacity to respond to disasters. 
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With the conducted analysis, the most important parts of the system are analysed, as well as the level of 

readiness for response of the system as a whole, both at the local and regional and at the state level. The 

components of the system that are the subject of this analysis are prevention and response. 

Prevention 

Within the area of prevention, the most important components were analysed, such as documents / bases 

from the competences of central state administration bodies and local self-government. Following these 

documents, measures and activities that are operatively implemented in response capacities are 

determined: adopted strategies, regulations / norms, action plans of the civil protection system, 

harmonization of public policies on disaster risk reduction, development of early warning system, state of 

risk awareness, state of spatial planning and legalization of buildings, assessment of the fiscal situation 

and its perspectives. 

Strategies, normative regulations, plans: In all major sectors, such as spatial planning and construction, 

environmental protection, economy, water management, transport and maritime affairs, agriculture and 

health, sectoral strategies were adopted as well as related implementation / action programs and plans 

for their implementation. The Croatian Disaster Risk Reduction Platform, as a coordinating body, is a 

possible response to the perceived lack of coordination between sectoral strategies as well as an 

opportunity to develop certain administrative capacities in central government bodies to participate in 

disaster risk reduction at the national level. According to Civil protection law (2015), the civil protection 

system is an organizational framework for disaster response within which specific responsibilities are 

defined at all levels of the system. 

Early warning system: The early warning system is based on national systematic forecasts and 

assessments by the competent authorities and data obtained from international and other sources. There 

is no early warning system for earthquakes. 

State of awareness of contemporary risks: The Ministry of the Interior is the initiator of the program of 

raising citizens' awareness on the disaster risk reduction, with priority given to the youngest categories of 

preschool and primary school age. The Ministry encourages the incorporation of disaster risk reduction 

content into all relevant sectoral strategies, laws and regulations and works to increase the 

interconnectedness and coherence of their content. Awareness-raising activities on the topic of risk 

reduction are still not carried out systematically, and the contents are not presented within the regular 

school curriculum, but the implementation of ongoing awareness-raising projects will further contribute 

to positive developments in this area. Croatian platforms for disaster risk reduction is important for 

awareness-raising activities. The Platform proposes solution adopted by the Government of the Republic 
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of Croatia and incorporated into sectoral strategies. In this way institutional awareness of risks and the 

need to implement risk management activities as a priority area to ensure the security of the state are 

improved. These activities also increase the awareness of citizens. 

Spatial planning and legalization of buildings: The Republic of Croatia is pursuing public policies to protect 

this resource, but despite this, challenges have emerged that need to be addressed. This is evident in 

partly devastated urban structures as a result of illegal construction, water pollution, uncontrolled forest 

exploitation, soil degradation, unregulated municipal waste landfills and identified cases of uncontrolled 

hazardous waste disposal, poor land management and inappropriate land use conversions. One of the 

identified challenges, in the context of this project, is the inconsistency in the application of regulations 

in the field of construction, especially in the segment of application of anti-seismic building regulations 

because a significant part of urban and tourist centres and cultural assets is located in a seismically high 

risk area. All this affects the level of risk in certain areas, especially since, in the absence of detailed 

research on compliance with building regulations, the risk assessment mostly uses data on the year of 

construction of houses with the assumption that they were built in accordance with applicable 

regulations. Since the entry into force of the Act on the Treatment of Illegally Constructed Buildings (NN 

86/12, 143/13, 65/17 and 14/19), more than 800,000 requests for legalization have been received, and 

some of these buildings are located in high-risk areas such as floodplains, landslides and in the vicinity of 

plants with hazardous substances as well as landfills. This opened up the problem of security of people 

and buildings in those locations. This should be taken into account when making local vulnerability 

assessments. However, after June 30, 2013, no building can be built without a building permit, which is 

important for the safety of at least newly built buildings. 

Financing: The financing of the system is carried out at the state and local levels. Most of the funds spent 

are used to finance operational capacities and disaster response activities, while a small percentage of 

funds are used for preventive action. In most local governments, civil protection does not represent a 

clearly visible need and investments in its development do not represent priorities in relation to other 

public expenditures. 

Response area 

Analysing the response area, the state of readiness of the responsible and management capacities of the 

system and the operational capacities of the civil protection system for disaster response is determined. 

The state of readiness is analysed by: structure, composition and size of capacity; areas of operational 

competence; personal and material structure; state of manpower, command of forces, state of training, 

exercise, equipment, time of mobilization and readiness for operational action; the state of mobility of 
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forces and connections; possibilities of material support to operational capacities during the 

implementation of civil protection measures in disasters as well as other needs of forces until 

demobilization, the state of databases and other bases for the needs of civil protection planning and 

conclusions on the state of the civil protection system in the Republic of Croatia. 

Ready for responsible and management capacities of the civil protection system: Executive bodies as 

participants in the civil protection system are responsible for implementing administrative and planning 

measures for the organization, development and provision of conditions for operational action in 

disasters, proposing regulations, making assessments and plans, implementing preventive measures and 

activities with emphasis on vulnerability reduction policies, holder of all functions of the system, its 

organization, financing and supervision of the implementation of regulations. 

Readiness of operational capacities of the civil protection system: They are composed of the capacities 

and teams of the fire brigade, the Red Cross, the Croatian Mountain Rescue Service, legal entities in state 

and private ownership in the areas of construction, transport, accommodation, inventories and other 

areas of importance. In order to eliminate the consequences of disasters, civil protection units are being 

established at the levels of all local and regional self-governments and at the state level, which 

complement the capacities of the basic operational forces of the civil protection system. 

State of databases and basis for civil protection planning: Databases for the needs of the civil protection 

system exist, but their use, records and data collection need to be regulated in a systematic way to 

facilitate the preparation of analyses for the needs before and after disasters and to ensure the reliability 

and comparability of risk assessment results. In this sense, there is a noticeable lack of information on 

available computer tools, which is accompanied by a lack of the necessary professional staff to use the 

tools, at the state level to analyse each of the risks. The Geographic Information System (GIS) is being 

developed by the Ministry of the Interior for the needs of the civil protection system. Until now, the 

Republic of Croatia has not prescribed a single database on all consequences of extraordinary events, but 

only collects data on the financial side of damages for the purposes of conducting procedures for seeking 

assistance from the local community budget and the state solidarity fund established for that purpose. 

This situation most directly affects the uncertainty of the results obtained by the risk analysis process and 

the recommendation, as well as good practice of EU countries, is to establish a single database on all 

damages and vulnerabilities available to all entities in the risk assessment process at national, local and 

regional level. 

Mobility and connections: Participants in the civil protection system from the state level are hierarchically 

functionally connected with participants at the local level. The collection and exchange of information 
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between the levels of the system takes place within special communication and information systems on 

the regular use of individual participants in the civil protection system and through a single 

communication and information system of the 112 centres. 

In the document, the assessment of the state of readiness of the civil protection system was performed 

for all the above components, where the readiness was assessed with 4 categories: very low, low, high, 

very high. 

 

3.3 Disaster Risk Assessment for the Split-Dalmatia County 
 

In accordance to Croatian national laws, regulations and guidelines Split-Dalmatia County was made 

document Risk assessment of major accidents for the area of Split-Dalmatia County (2021) 9. In order to 

be comparable to the Disaster Risk Assessment for the Republic of Croatia 8, and in accordance with the 

European Commission's Risk Assessment and Mapping Guidelines for Disaster Management (EC SEC 

(2010) 21, the assessment is based on the same scenarios, probability and criteria. 

The assessment consist of the following chapters: basic characteristics of the area, identification of 

threats-register of all known risks, simple risk scenarios describing the event with the worst possible 

consequences, probability / frequency tables, criteria for assessing the impact of threats on categories of 

social values to human life and health, economy and social stability and politics, simple risk scenario 

matrices and for each of the criteria separately, matrices with compared risks in the area of Split-Dalmatia 

County, i.e. local self-government units, analysis of the civil protection system, risk evaluation and finally 

risk mapping. 

The earthquake was identified as a threat with possible consequences on the loss of human lives, 

demolition of buildings and damage to infrastructure elements. Within the impact on social values, the 

impact on human life and health, the economy, social stability and politics is evaluated. Preventive 

measures include protection measures in urban plans and construction. Response measures are aimed at 

organizing the operational forces of the civil protection system, the health care system and the provision 

of capacity for care and nutrition. 

The area of the County covered by seismic areas of intensity VII °, VIII ° and IX ° according to the MSK scale, 

which can cause material damage and human casualties. Zone IX degree of the MSK scale covers the area 

of mountain Biokovo, localities Makarska -Imotski- Sinj in a total area of about 4000 km2.  Zone VIII of the 
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MSK scale covers numerous localities of the central Dalmatian islands: Vis, Hvar, Brač, Šolta, the Split 

agglomeration (Kaštela City belongs to this agglomeration) and the area of Sinj. Zone VII of the MSK scale 

covers other areas of the county. 

The consequences of the earthquake were analysed on the basis of the earthquake scenario in the Split-

Dalmatia County caused by the earthquake at the level of the return period harmonized with the 

regulations for the design of the seismic hazard (95 years for the most probable event and 475 years for 

event with the worst possible consequences). The most visible effects of the earthquake would be in 

individual historical units in the County, such as Split (Diocletian's Palace), Trogir (historical core), which 

are centuries-old and millennial old urban areas that would be destroyed or partially destroyed. Possible 

devastating consequences on critical infrastructure elements (water supply, roads, energy water supply, 

telecommunications, sewerage system, etc.) were analysed. Possible consequences for the population 

depend on the population density in individual settlements and residential buildings (type of construction 

and building materials used in construction). 

When considering earthquakes as a natural disaster in the Split-Dalmatia County, the event with the worst 

possible consequences, an earthquake of intensity IX˚ MSK scale, will be taken into account. Knowing the 

time of construction of a particular group of buildings, a rough conclusion was made about their seismic 

resistance. The effects and consequences of the effects of earthquakes of intensity VII°, VIII° and IX° MSK 

scale in the area of Split-Dalmatia County on the infrastructure were analysed.  

Damage to the building stock is expressed through the percentage of destruction of the buildings in 

relation to the initial condition (through the number of buildings expressed as a percentage that includes 

the total number of buildings). The consequences of earthquake the buildings, on industrial facilities, 

estimation of the amount of construction waste and consequences that earthquakes can cause on the 

population expressed in the number of dead and injured are analysed. 

Risk map for the County (Fig. 7) was defined and the whole territory was divided into 4 categories of risks: 

very high, high, moderate and low. 
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Fig. 7. Seismic risk map for Split-Dalmatia County, Disaster Risk Assessment for the Split-Dalmatia County, 

2021. 

Analysis of the civil protection system is elaborated as follows. 

Prevention 

Strategies, normative regulations, plans: The readiness of the civil protection system, assessed on the 

basis of the development of sectoral strategies, normative regulation and the development of 

assessments and plans relevant to the civil protection system, is assessed as high.  

Early warning system: The County Prefect (or the Chief of the Civil Protection Headquarters of the Split-

Dalmatia County) is informed in case of danger by the County Centre 112, the Central Body in charge of 

civil protection and public sector institutions. 

State of awareness of contemporary risks: The readiness of the civil protection system assessed on the 

basis of the state of awareness of the managing and responsible bodies in the civil protection system 
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about modern risks and optimal treatment in the implementation of obligations within their competences 

in order to mitigate the consequences of threats is low. 

Spatial planning and legalization of buildings: Readiness of the civil protection system based on the 

assessment of the state of spatial planning, development of spatial and urban development plans, 

planned land use as an important national resource, the impact of legalization of illegally constructed 

buildings on community safety and application of special construction preventive measures / standards 

in procedures in the project documentation and in the procedures for issuing location and construction 

permits was assessed as high. 

Financing: The readiness of the civil protection system based on assessments of the fiscal situation and 

its perspective, especially for the reallocation of part of the funds used to respond to the needs of 

financing the implementation of preventive measures, is assessed as high. 

State of databases and basis for civil protection planning: The Split-Dalmatia County has partially 

established the records of members of the operational forces of the civil protection system. Therefore, 

the readiness of the civil protection system is estimated to be low based on the database. 

Response area 

The readiness of responsible and management capacities and readiness of operational capacities of the 

civil protection system are assessed as high. State of mobility of operational capacities of the civil 

protection system and state of communication capacities are assessed as low. 

 

3.4 Disaster Risk Assessment for City of Kaštela and other relevant documents 
 

3.4.1 Disaster Risk Assessment for City of Kaštela and other relevant documents  

City of Kaštela has several documents governing the area of risk management: 

1. Risk assessment of major accidents for the City of Kaštela, 2021 10 

2. Action plan in the field of natural disasters for 2020 30 

3. Protection and rescue plan 31 

4. Plan of urban measures for protection against natural disasters and war dangers (within 

Amendments to the spatial plan of the City of Kaštela) 31 
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The Risk assessment of major accidents for the City of Kaštela, 2021 10, is a document that follows the 

methodology for defining risk set out in the similar documents of the Republic of Croatia 8 and the Split-

Dalmatia County 9. 

With regard to the danger of earthquakes, the area of the City of Kaštela should be treated as an 

endangered area VIII ° of earthquake intensity according to the MSK scale, which can cause significant 

material damage and human casualties. The frequency and intensity of earthquakes for the areas around 

the Town of Kaštela from 1879 to 2003 were analysed. In the area of the City of Kaštela in the period from 

1897 to 2003, earthquakes of the following intensities were recorded: 16 earthquakes of intensity V° MSK 

scale, 1 earthquake VI° MSK scale and 2 earthquakes VII° MSK. In the vicinity of the City of Kaštela in the 

mentioned period, earthquakes of different intensities were recorded, which were felt in the area of the 

City, but had no significant recorded consequences. The highest number of earthquakes was felt in the 

settlements of Prgomet, Trogir and the cities of Split and Solin, mostly V ° (16-19 times), VI ° (1-7 times) 

and VII ° (1-2 times), and recorded earthquakes VIII ° MSK the scales are in the cities of Sinj (2 times) and 

Trilj (2 times). 

Scenarios for the return periods of 95 years for the most probable event and 475 years for event with the 

worst possible consequences were selected for the analysis of the consequences of the earthquake.  

The City of Kaštela is one of the most densely populated local self-government units in the Republic of 

Croatia because, according to the last census from 2011, there were 38.667 inhabitants in the City, and 

the area of the City is 56.9 km2. 

Possible human casualties are primarily the result of the expected destruction of residential buildings and 

buildings where many people stay. In addition, there would be unrest and panic among the population, 

and additional human losses are possible. Family houses predominate in the area of the City of Kaštela. 

The document lists the buildings where a large number of people live. Between them, the largest are the 

primary and secondary schools. Tourist capacities were filled only during the tourist season, so they were 

not analysed. 

Awareness of the possible danger due to the effects of earthquakes on existing buildings and empirical 

data have significantly affected the development and frequent changes in regulations for the design of 

structures. In recent years, new Croatian standards have been applied based on European standards for 

the design of seismic resistance (Eurocode 8), and based on modern research, the requirements that 

buildings must meet in order to achieve an acceptable level of safety are significantly tightened. 



 
 
 
                                 
 
 
 
 
 

 
 
42 

 
 
 
  

  

   

Considering the earthquake as a natural disaster in the City of Kaštela, the event with the worst possible 

consequences was taken into account (earthquake of intensity VIII° MSK scale), which can cause great 

material damage and consequences for the population. 

The damage prediction from a hypothetical earthquake in the City of Kaštela was made for an earthquake 

of magnitude VIII MSK scale with epicentre in Kaštel Sućurac, acceleration equal in the whole area, 

earthquake duration up to 15 seconds and ignoring differences in geotechnical soil composition and 

possible occurrence of dynamic soil instability liquefaction.  

The method of building construction was analysed. In the City of Kaštela, houses are mostly built of stone 

and lime binder. In the central parts of the settlement, the construction is denser (groups of 5 - 10 

compacted houses between which there is a narrow road about 3 m wide or the buildings are leaning 

against each other). The number of floors in the building is 1-3 floors. In the outer parts of the settlement, 

the construction is rarer and the buildings are not compact. Knowing the time of construction of each 

group of buildings, rough conclusions were made about their seismic resistance. Thus, the buildings were 

built until 1920 had ceiling constructions made exclusively of wooden beams. Reinforced concrete ceilings 

were gradually applied in the period from 1920 to 1940. From 1945 to 1964, reinforced concrete 

monolithic ceilings of semi-prefabricated types or constructed on site prevailed. After 1964 buildings are 

systematically built with horizontal and vertical confining elements. Buildings with a reinforced concrete 

load-bearing system began to be built after 1960. 

The review of the damage to the building stock for the earthquake of the VIII degree of intensity was 

determined according to the category of the building. Buildings are classified into 5 categories: masonry, 

masonry with RC confining elements, reinforced concrete frame buildings, buildings with RC wall system, 

and frame buildings with AB load-bearing walls. The damages were classified into 6 categories and 

construction damage and number of damaged flats were estimated. 

The effects and consequences of the earthquake intensity VIII° MSK scale in the City of Kaštela on the 

elements of critical infrastructure have been analysed. 

The consequences for industrial facilities were also analysed. It was assessed that the economic zones and 

other facilities were separated from each other at the east part of the city. There are no social facilities 

nearby, except for a few family facilities, which means that they are not dangerous to each other. There 

is an airport in the western part of the city and it is expected that an earthquake of intensity VIII° of the 

MSK scale may damage the facilities in the airport. 
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It is estimated that a total of 541 people would be injured and a total of 60 people would be killed in the 

earthquake of intensity VIII° MSK scale in the City. During the summer season, due to the large number of 

tourists, that number would be even higher. 

The overall earthquake hazard assessment for the worst case scenario compliant with the regulations for 

earthquake resistance design (earthquake with a return period T = 475 years) found that the probability 

of such an event is extremely low, but its consequences can be significant (Fig. 8). The catastrophic 

consequences for human life and health can be expected.  

 

Fig. 8. Seismic risk matrix, Risk assessment of major accidents for the City of Kaštela, 2021. 

Analysis of the civil protection system is elaborated as follows. 

Prevention 

Strategies, normative regulations, plans: The readiness of the civil protection system, assessed on the 

basis of the development of sectoral strategies, normative regulation and the development of 

assessments and plans relevant to the civil protection system, is assessed as high.  

Early warning system: Warning of mayors in case of impending and imminent danger is performed by the 

County Centre 112, MIA Split Civil Protection Service, State Hydrometeorological Institute (DHMZ), 

Croatian Water, Police Administration, State Institute for Radiological and Nuclear Safety, legal entities 

that protect and rescue engaged in their own activities, economic entities users of hazardous substances, 

individuals, residents of the City. The readiness of the civil protection system based on the development 

of early warning, information exchange and their use to raise the readiness of the civil protection system 
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through preparations for the implementation of measures and activities to reduce the consequences of 

imminent and emerging threats is high. 

State of awareness of contemporary risks: The state of awareness about the risks of individuals and 

members of vulnerable groups is insufficiently developed, so it is necessary to develop communication 

and operational solutions tailored to the needs of members of vulnerable groups in order to bring the 

implementation of measures according to early warning information to a satisfactory level. The readiness 

of the civil protection system based on the state of awareness of the managing and responsible bodies in 

the civil protection system about modern risks and optimal treatment in order to reduce the 

consequences of threats is assessed as high. 

Spatial planning and legalization of buildings: The City of Kaštela has prepared a number of planning 

documents in the field of spatial planning. Due to the lack of submitted data on the number of received 

and resolved requests for legalization of buildings in the City of Kaštela, the readiness of the civil 

protection system based on the assessment of spatial planning, development of spatial and urban 

development plans, planned land use as an important national resource, the safety of communities and 

the application of special construction preventive measures / standards in the procedures of incorporating 

requirements and special conditions in the project documentation and in the procedures of issuing 

location and construction permits was assessed as low. 

Financing: The readiness of the civil protection system based on assessments of the fiscal situation and 

its perspective, especially for the reallocation of part of the funds used to respond to the needs of 

financing the implementation of preventive measures, is assessed as high. 

State of databases and basis for civil protection planning: The City of Kaštela has established the necessary 

records of members of the operational forces of the civil protection system, and the readiness of the civil 

protection system is assessed as high on the basis of the database. 

Response area 

The readiness of responsible and management capacities is estimated as high. The readiness of 

operational capacities of the civil protection system are assessed as low. State of mobility of operational 

capacities of the civil protection system and state of communication capacities are assessed as high. 
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3.4.2 Action plan in the field of natural disasters for 2020 – City of Kaštela  
Action plan in the field of natural disasters for 2020 30 regulates the criteria and authorities for declaring 

a natural disaster, assessing the damage e from a natural disaster, granting assistance for mitigation and 

partial elimination of the consequences of natural disasters in the local self-government, register of 

damages from natural disasters and other issues related to granting aid for mitigation and partial 

elimination of the consequences of natural disasters. 

The action plan contains: 

 list of measures and holders of measures in the event of a natural disaster; 

 assessments of insurance of equipment and other means for protection and prevention of 

damage to property, economic functions and suffering of the population; 

 all other measures that include cooperation with the competent bodies from the Act and / or 

other bodies, scientific institutions and experts in the field of natural disasters 

For the earthquake intensity VIII° MSK scale, the event with the worst possible consequences, expected 

material damage and consequences for the population have been analysed.  

In terms of the impact of earthquakes on critical infrastructure, it has been concluded that: 

 Due to damage or rupture of transmission lines and damage to transformer stations and 

transformers, there would be no supply of electricity or it would be difficult, which would cause 

the interruption of the normal functioning of the community; 

 Telecommunications facilities may suffer minor damage (regional exchanges, repeaters, overhead 

telephone poles), but interruptions would be short-lived and would take several hours to rectify; 

 Access to the settlements of the City of Kaštela requires immediate - priority clearing of the 

following streets: Jadranska magistrala (D8), Kaštelanska cesta (Ž 6137) and transverse routes 

connecting the Zagorje part with the coastal, Ž 6091 Unešić-Prgomet-Plano and Ž 6098 (Drniš) 

Kljaci- Lečevica-Kaštel Stari; the runway of the airport "Resnik", and the railway Knin - Perkovic - 

Solin - Split. Where possible, alternative routes should be built to allow the arrival of saviors; 

 The collapse of health facilities is possible; 

 Problems with drinking water supply are possible due to interruption of electricity production / 

distribution; 

 The cultural monuments and other cultural goods and objects of archaeological sites are 

damaged, collapsed or completely destroyed. There is a special danger when destroying sacral 

buildings during the service of Mass or sightseeing. In that case, it is realistic to expect, in addition 

to damage to the sacral building, sacrifices among the faithful. 



 
 
 
                                 
 
 
 
 
 

 
 
46 

 
 
 
  

  

   

It is expected that damage to buildings will primarily affect older buildings, so that the danger to the 

population residing in public buildings of newer construction is minimized. 

The document defines a list of civil protection measures and the holder of measures in the event of an 

earthquake. In the implementation of earthquake protection measures, the problem is also the lack of 

reliable parameters: 

 there are no systematized databases on the typology of construction; 

 a large number of illegally constructed buildings (without valid documentation) which include 

unfavourable interventions (e.g. demolition of load-bearing walls for shop windows) in the load-

bearing structure, i.e. change of essential requirements for the building; 

 uncertainty in the assessment of the vulnerability of certain buildings due to the difference in 

knowledge about old buildings in relation to buildings designed in accordance with modern 

regulations; 

 there are no data on the construction of buildings, materials used, possible construction errors, 

subsequent repairs; 

 there are no data on the effect of earthquakes on buildings (neighbourhoods) throughout history 

and possible consequences; 

 buildings are usually designed for a lifespan of 50 years which is exceeded (material degradation) 

in most of the existing housing stock. 

Of particular importance are public information systems that must not be interrupted 

3.4.3 Protection and rescue plan  

Protection and rescue plans 31 were adopted to determine the organization, activation and operation 

of protection and rescue systems, tasks and competencies, human forces and necessary material and 

technical resources, and measures and procedures for the implementation of protection and rescue in 

disasters and major accidents. Protection and rescue plans are made on the basis of an assessment of the 

threat from certain types of threats and risks that can cause a catastrophe and a major accident. 

The plan consists of: (1) warning, (2) readiness, mobilization (activation) and increase of operational 

forces, and (3) protection and rescue measures. 

In the event of an earthquake, the following measures are defined: organization of clearing of ruins and 

rescue of buried persons, tasks of civil protection forces for rescue from ruins, organization of establishing 

the function of critical infrastructure facilities, organization of fire extinguishing, regulation of traffic and 

insurance during interventions, material disposal sites, organization of first aid and medical care, 
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organization veterinary assistance, organization of care, organization of evacuation, organization of 

human rehabilitation and identification of the dead, organization of hygienic and epidemiological 

protection, organization of food and drinking water insurance, organization of receiving assistance, 

organization of field rehabilitation and tasks of protection and rescue entities. 

 

3.4.4 Plan of urban measures for protection against natural disasters and war dangers 

(within Amendments to the spatial plan of the City of Kaštela) 32  

This document defines urban measures in accordance with the Requirements for protection and rescue 

in spatial planning documents, which are an integral part of the Assessment of the vulnerability of the 

population, material and cultural assets and the environment from disasters and major disasters for the 

City of Kaštela 33 . 

Considering that the entire area of the town of Kaštela belongs to the VIII degree of earthquake intensity 

according to the MSK scale, such an earthquake would severely damage about a quarter of houses, 

demolish some houses, and many would be uninhabitable. Cracks in wet soil and on steep slopes could 

be a particular problem. 

In accordance with the above, in the process of planning, preparation and implementation of measures 

for protection and rescue of people and material goods, it is necessary to take into account the types of 

buildings, possible degrees of damage and the expected quantitative consequences. 

The design and construction of new buildings must be carried out in accordance with existing earthquake 

hazard maps in the absence of microzonation data. If construction is performed next to already 

constructed facilities for which there is local microzoning, such data should be used in the future 

construction design. In particular, an analysis of the impact of earthquakes on vital buildings and civil 

engineering structures that are not built according to modern regulations and standards of earthquake 

construction should be performed. 

The measures to be provided in spatial planning are defined in order to meet the requirements of the 

ordinance on protection measures and natural disasters: 

 Mutual distance between residential and commercial buildings must not be less than the height 

of the roof ridge of a higher building, but not less than H1/2+H2/2+5m; 

 Only open blocks with two openings whose width must not be less than H1/2+H2/2+5m; 
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 Unbuilt areas for shelter and evacuation must be away from neighboring buildings at least for H 

/ 2, and the size of the area is not less than the number of inhabitants / 4 in m2 

 In settlement and between settlements, it is necessary to ensure unimpeded passage of 

emergency services 

 The distance of buildings from the edge of the public traffic area must not be less than H/2 

 The distance of buildings from the edge of the pavement of the main and regional road must not 

be less than H 

 Conditions for arranging the space for a building plot must include the degree of seismicity of the 

area for social infrastructure buildings, sports-recreational, health and similar buildings used by a 

large number of different users as well as public transport areas. 

Given the requirements of protection and rescue in case of earthquakes, it is required to make a map of 

construction zones and collapse zones with regard to the type of construction, collapse map 

H1/2+H2/2+5m, seismic risk maps, geological testing of soil and evacuation and assistance routes. 

 

4. Appraisal of existing national, regional and local related 

document with comparison to international and EU 

requirements 
 

4.1 Compliance of national documents with international and EU risk reduction 

platforms and directives 
 

The Republic of Croatia, as a member of the United Nations, established Croatian platform for reduction 

of disaster risk in accordance with Hyogo Framework for Action 2005-2015: Building the Resilience of 

Nations and Communities to Disasters 2, which defines the directions of action in the development of 

protection and rescue in the world for the period until 2015.  

An additional encouragement to the process of disaster risk reduction in Croatia was the Sendai 

Framework for Disaster Risk Reduction 2015-2030 1 in which seven global targets and four priorities for 

action have been defined to prevent new and reduce existing disaster risks. The basic objectives aim to 

reduce human casualties, direct economic losses and damage to critical infrastructure. The Framework is 
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also focused on activity of the scientific community to quantify disaster risk parameters and scenarios 

with a special emphasis on regional, national and local applications 

The attention of the Croatian platform for reduction of disaster risk is focused on the implementation of 

the five priorities: (1) ensure that disaster risk reduction policy is a national and local community priority, 

with a strong institutional basis for its implementation; (2) identify, assess and monitor disaster risks and 

develop an early warning system; (3) use knowledge, innovation and education to develop and build a 

security and resilience at all levels; (4) reduce existing disaster risks; and strengthen preparedness for 

effective disaster response. The national platform is focused much more on pre-disaster activities and 

significantly less on post-disaster response activities. 

National Protection and Rescue Directorate of Republic of Croatia is main national body responsible for 

organization of actions, tasks, drills and workshops in order to build the disaster resilience on the national 

level. The directorate is also responsible for preparing the Disaster Risk Assessment of the Republic of 

Croatia, basic document for the development of disaster action plans for all entities in the protection and 

rescue system, from central state administration bodies to operational forces (fire brigade, CZ, legal 

entities dealing with protection and rescue, citizens' associations). National Protection and Rescue 

Directorate also serves regional units and local governments in making their vulnerability assessments. 

As a member of the European Union, Croatia has adopted numerous obligations related to the disaster 

risk management. Main document which fulfill appropriate objectives of Directive 2012/18/EU 4 and 

the Decision 1313/2013/EU (Article 6) of the European Parliament and of the Council of 17 December 

2013 on a Union Civil Protection Mechanism 5, is Disaster Risk Assessment for the Republic of Croatia 

firstly made in November 2015 7, in accordance with the Ordinance on the methodology for preparing 

vulnerability assessments and protection and rescue plans (NN 30/14 and 67/14). According to the Law 

on Civil Protection System (NN 82/15 and 118/18), the Government of the Republic of Croatia adopts the 

updated document Disaster Risk Assessment for the Republic of Croatia in 2018 8, fulfilling the 

Ordinance on Guidelines for the Development of Disaster Risk and Major Accident Risk Assessments for 

the Republic of Croatia and Local and Regional Self-Government Units (NN 65/2016), the Risk Assessment 

and Mapping Guidelines for Disaster Management SEC (2010) 1626, and HRN ISO 31000 Risk 

Management.  

The main strengths can be summarized as follows:  

 It can be concluded that the Republic of Croatia has mainly enacted laws and initiated procedures 

that have resulted in documents contributing to disaster risk reduction. These documents have 
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adopted global requirements and priorities for disaster risk reduction highlighted in major 

international frameworks and European directives and regulations. 

 Seismic risk management is systematically organized through the Croatian platform for reduction 

of disaster risk which is focused much more on pre-disaster activities and significantly less on post-

disaster response activities, and through the National Protection and Rescue Directorate of 

Republic of Croatia who is responsible for organization of actions, tasks, drills and workshops in 

order to build the disaster resilience on the national level. National Protection and Rescue 

Directorate also serves regional units and local governments in making their vulnerability 

assessments. 

 Disaster Risk Assessment for the Republic of Croatia is a basic document for the development of 

disaster action plans for all entities in the protection and rescue system, from central state 

administration bodies to operational forces (fire brigade, CZ, legal entities dealing with protection 

and rescue, citizens' associations). The document is updated every 3 years. Document Disaster 

Risk Assessment for the Republic of Croatia also analyses the civil protection system and focuses 

on prevention and response phases. Important part of the assessment is analysis of the 

weaknesses in seismic risk management. The identified weaknesses are the basis for 

improvements, both at the national and at regional and local levels.   

 It is worth mentioned that Croatia has adopted European standards for the design of earthquake 

resistant structures, firstly in 2007 by adopting the European pre-standard (HRN ENV 1998:2007), 

and then in 2011 the European standard Eurocode 8 (HRN EN 1998-1:2011). The probabilistic 

seismic hazard (PSHA) maps for return periods of 475 and 95 years were inserted into Croatian 

National Annex of current European standards for the design of earthquake resistant structures in 

2011. European standard Eurocode 8 and seismic hazard maps are very important for building the 

new seismic resistant structures. 

The main weaknesses are as follows: 

 Disaster Risk Assessment for the Republic of Croatia is a basic document for the development of 

disaster action plans. It is based on a very rough classification of buildings depending on the period 

of construction, the applied structural system and materials. It can provide a rough estimate of 

damage and casualties, but it cannot be used for more accurate risk assessment and management. 

 However, one of the main global target of Sendai framework “Substantially reduce disaster 

damage to critical infrastructure and disruption of basic services, among them health and 

educational facilities, including through developing their resilience by 2030” were not fulfilled. 

Namely, destructive earthquakes in Zagreb and Petrinja in 2020, have shown extreme 

vulnerability of old hospital buildings as well as school buildings in the city centres. A lot of health 
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and educational buildings in Croatian city centres are not resistant to the expected earthquake. 

There is still no organized framework to encourage and provide funding for the evaluation of the 

seismic resistance of such buildings and strengthening those with insufficient seismic resistance. 

 Analyzing the non-binding documents of the Earthquake risk reduction in the European Union 

from 2007 and 2013 16, 17, which highlighted the recommendations for earthquake risk 

reduction, we can conclude that there are still no laws, regulations or initiatives at the state level 

to support the risk reduction (evaluation of the seismic resistance of existing building and 

strengthening those with insufficient seismic resistance) of the following buildings and 

infrastructural objects: strategic and current dwelling buildings, lifelines and transportation 

networks, industrial facilities, monuments and buildings of high cultural value. 

 It also turned out that there is no state-organized form to involve the construction experts in the 

post-earthquake phase in assessing the condition of buildings, emergency rehabilitation, etc. Such 

activities were realized after past earthquakes through self-organization of engineering 

associations and voluntary work of engineers. These activities are otherwise defined in an Article 

6 of the Decision 1313/2013/EU (Article 6) of the European Parliament and of the Council of 17 

December 2013 on a Union Civil Protection Mechanism as priority 4: Enhancing disaster 

preparedness for effective response, and to “Build Back Better” in recovery, rehabilitation and 

reconstruction. 

 

4.2 Compliance of regional and local documents with national strategies, laws 

and documents 
 

4.2.1 Risk assessment of major accidents for the area of Split-Dalmatia County and Risk 

assessment of major accidents for the City of Kaštela  
In accordance to Croatian national laws, regulations and guidelines Split-Dalmatia County was made 

Document Risk assessment of major accidents for the area of Split-Dalmatia County (2021) have been 

made in accordance to Croatian national laws, regulations and guidelines and it is comparable with the 

Disaster Risk Assessment for the Republic of Croatia. The risk assessment is also in line with the European 

Commission's Risk Assessment and Mapping Guidelines for Disaster Management, EC SEC (2010). The 

assessment is based on the same scenarios, probability/frequency tables, criteria for assessing the impact 

of threats on categories of social values (human life and health, economy and social stability and politics), 

scenario matrices, analysis of the civil protection system, risk evaluation and risk mapping. 
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The consequences of the earthquake were analysed on the basis of the earthquake scenario with the 

worst possible consequences in the Split-Dalmatia County caused by the earthquake for the return period 

of 475 years.  

Damage to the building stock is expressed through the percentage of destruction of the buildings in 

relation to the initial condition. The consequences of earthquake the buildings, on industrial facilities, 

estimation of the amount of construction waste and consequences that earthquakes can cause on the 

population expressed in the number of dead and injured are analysed. The expected damage of the 

buildings, the number of dead and injured people and economic damage was estimated. 

Risk map for the County was defined and the whole territory was divided into 4 categories of risks: very 

high, high, moderate and low. 

Analysis of the civil protection system was elaborated in detail. 

The Risk assessment of major accidents for the City of Kaštela 10, is a document that follows the 

methodology for defining risk set out in the Risk assessment of major accidents for the area of Split-

Dalmatia County 9 and the Disaster Risk Assessment for the Republic of Croatia 8. The main 

characteristics of the last two documents, are also contained in the document of the City of Kaštela. 

Regarding to specificity of the area, construction and building characteristics, infrastructures and industry, 

and population, the analysis of the risk for the worst possible scenario (T=475 years) was perform and risk 

map was provide. The readiness of all components of civil protection system was analysed in detail.   

The document especially highlights the problem of a large number of illegally built houses whose design 

and construction process have not been controlled. This issue are very important for the safety of 

communities. In addition, the application of special construction preventive measures / standards in the 

procedures of incorporating requirements and special conditions in the project documentation and in the 

procedures of issuing location and construction permits was assessed as low. 

The main strengths of documents Risk assessment of major accidents for the area of Split-Dalmatia 

County and Risk assessment of major accidents for the City of Kaštela are summarized as follows:  

 The documents are made in accordance with the Disaster Risk Assessment for the Republic of 

Croatia. The documents have adopted global requirements and priorities for disaster risk reduction 

highlighted in major international frameworks, European directives and regulations as well as 

national laws and regulations. 
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 Above documents are the basis for the development of disaster action plans for all entities in the 

protection and rescue system, from administration bodies to operational forces. The documents 

are updated every 3 years. In addition to analysis of the hazard scenarios and the impact of the 

earthquake in terms of the damage and social values (human life and health, economy and social 

stability and politics), the documents also analyse the readiness of civil protection system with 

the focus on prevention and response phases.  

 Important part of the assessment are analysis of the weaknesses in seismic risk management. The 

identified weaknesses are the basis for improvements at regional and local levels.   

The main weaknesses are as follows: 

 The assessments are based on a rough classification of buildings depending on the period of 

construction, the applied structural system and materials. They can provide a rough estimate of 

the damage and casualties which is a good basis for organization of civil protection system, but 

cannot be used for more accurate risk assessment and management for the purpose of reducing 

risk and setting priorities in the rehabilitation. This issue should be tackled through other 

regulations, plans and/or initiatives. 

 There are still no regulations or organized framework to support the risk reduction (to encourage 

and provide funding for the evaluation of the seismic resistance of existing buildings and 

infrastructural objects and strengthening those with insufficient seismic resistance). Between 

them the following objects are of special importance: strategic and current dwelling buildings, 

lifelines and transportation networks, industrial facilities, monuments and buildings of high 

cultural value. 

 It also turned out that there is no organized form to involve the construction experts in the post-

earthquake phase in assessing the condition of buildings, emergency rehabilitation, etc. This is of 

crucial importance in the case of the destructive earthquake and should be considered.  

4.2.2 Action plan in the field of natural disasters for 2020 – City of Kaštela 
Action plan in the field of natural disasters for 2020 – City of Kaštela 30 regulates the criteria and 

authorities for declaring a natural disaster, assessing the damage from a natural disaster, granting 

assistance for mitigation and partial elimination of the consequences of natural disasters in the local self-

government, register of damages from natural disasters and other issues related to granting aid for 

mitigation and partial elimination of the consequences of natural disasters. 
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The document defines a list of civil protection measures and the holder of measures in the event of an 

earthquake. In the implementation of earthquake protection measures, the document highlights the lack 

of reliable parameters such as: 

 there are no systematized databases on the typology of construction; 

 a large number of illegally constructed buildings (without valid documentation) which include 

unfavourable interventions (e.g. demolition of load-bearing walls for shop windows) in the load-

bearing structure, i.e. change of essential requirements for the building; 

 uncertainty in the assessment of the vulnerability of certain buildings due to the difference in 

knowledge about old buildings in relation to buildings designed in accordance with modern 

regulations; 

 there are no data on the construction of buildings, materials used, possible construction errors, 

subsequent repairs; 

 there are no data on the effect of earthquakes on buildings (neighbourhoods) throughout history 

and possible consequences; 

 buildings are usually designed for a lifespan of 50 years which is exceeded (material degradation) 

in most of the existing housing stock. 

Highlighted shortcomings should be taken into account in the phase of development of earthquake risk 

management plan. 

4.2.3 Protection and rescue plan  
Protection and rescue plans 31 were adopted to determine the organization, activation and operation 

of protection and rescue systems, tasks and competencies, human forces and necessary material and 

technical resources, and measures and procedures for the implementation of protection and rescue in 

disasters and major accidents. Protection and rescue plans are made on the basis of an assessment of the 

threat from certain types of threats and risks that can cause a catastrophe and a major accident. The plan 

consists of: (1) warning, (2) readiness, mobilization (activation) and increase of operational forces, and (3) 

protection and rescue measures. 

This is important document which elaborates protection and rescue measures in detail. The document is 

aligned with Risk assessment of major accidents for the City of Kaštela. 
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4.2.4 Plan of urban measures for protection against natural disasters and war dangers 

(within Amendments to the spatial plan of the City of Kaštela) 

This document 32 defines urban measures in accordance with the Requirements for protection and 

rescue in spatial planning documents, which are an integral part of the Assessment of the vulnerability of 

the population, material and cultural assets and the environment from disasters and major disasters for 

the City of Kaštela.   

The measures to be provided in spatial planning are defined in order to meet the requirements of the 

ordinance on protection measures and natural disasters. The document is an important starting point for 

the development of urban plans. 

5. Steps for development of seismic hazard and seismic risk maps 
 

Brief description of the main steps in seismic vulnerability assesment of the test site [34-36] is presented 

as follow: 

 

5.1 Data collection 
The seismic assessment of the building in the test area requires the knowledge of their geometrical, 

material and structural characteristics. The methodology for data collection was organized as follows: 

 Investigation of the buildings using historical documentation and archival documentation of the 

town of Kaštela; 

 Detail survey of geometrical characteristics, architectural measurements and creation of 

architectural drawings (floor plans and cross sections); 

 Identification of structural systems and materials by visual inspection, using archive 

documentation, literature and thermographic imaging in the several specific cases when, due to 

the non-documented reconstructions, it was not possible recognizing  material and structural 

characteristics of the buildings; 

 Characterization of the soil type by geophysical survey. 

An additional help came from high-resolution geodetic maps of the test site with precise plan dimensions, 

from Google Map with Street View Options and also a map of the area taken in 1968 that allowed the 

identification of reconstructions. 
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Investigations of archival documentation and visual inspection were used to detect the main structural 

features crucial to seismic vulnerability assessment, such as: type and configuration of the structural 

system, texture and quality of masonry walls based on distribution of blocks and mortar joints, and their 

thickness, mortar quality, type of floors, floors-walls connections. Furthermore, other important aspects 

that were investigated are the resistance along two main horizontal directions based on estimates of the 

maximum resistant shear of the structure, the position and foundations, horizontal and vertical con-

figurations, maximum distance among the walls, typology and weight of the roof, the presence of non-

structural elements and the state of conservation. The mechanical properties of the materials (stone 

walls, mortar) were taken from the literature [37, 38]. A valid seismic regulation in the past was also used 

to identify the material properties in the cases of the reconstructions.  

 

5.2 Seismic scenarios 
Seismic hazard for Croatia can be evaluated through two maps expressed in terms of the peak horizontal 

ground acceleration during an earthquake, one map for a return period of 475 years, used in designing 

earthquake resistant buildings, and the other one for a return period of 95 years, used to check the 

fundamental requirements of damage states limitations [12]. The maps have been integrated in the 

National Annex in HRN EN 1998-1:2011 [13]. After the earthquake in Zagreb and Petrinja, maps for return 

period of 225 years also made. All maps are presented in Fig. 9. 

In Kaštela area, the seismic hazard measured by peak ground acceleration for the soil type A is equal to 

ag=0.22g, ag=0.17g and ag=0.11g for the return periods of 475, 225 and 95 years, respectively. In Croatia, 

the Type 1 response spectrum for earthquake magnitude higher than 5.5 was adopted.  

    

(a)                                                    (b)                                                        (c) 
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Fig. 9. Seismic hazard maps for Republic of Croatia (PGA) for return periods of: (a) 475 [13]; (b) 225; (c) 

95 years [13] 

According to EN 1998-1:2011 [12] and HRN EN 1998-1:2011 [13], the soil factor S for ground types 

different from A, increases ordinate of elastic response spectrum. The real hazard for a certain location 

can be obtained by combining the peak ground acceleration for ground type A with the soil factor S 

describing the influence of local ground conditions on the seismic action.  

The test site was investigated to classify soils according to [49]. Velocity analysis based on travel time 

tomography of P, SV and SH arrivals results with the VS,30 map which indicate the presence of shallow hard 

rock [48], classified as soil type A according EN 1998-1:2011 [12]. Considering the results obtained along 

the three investigated lines and given the size of the test area, the seismic hazard was taken constant for 

all buildings in the area. 

 

Fig. 10. Seismic hazard maps for test site Kaštel Kambelovac 

Consequences of the earthquake in terms of seismic damage and seismic risk to the test area have been 

analyzed for three earthquake scenario. The scenario includes three levels of earthquake: 95 years for the 

most probable adverse event (weaker earthquake), 225 years for the earthquake of medium intensity, 

and 475 years for the event with the worst possible consequences (stronger earthquake). The influence 

of local soil conditions was taken into account. 
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5.3 Seismic vulnerability 
Seismic vulnerabiliy of the buildings in the test area was assesed by vulnerability index method which is 

based on the original vulnerability index method for masonry structures developed by the Italian National 

Research Council and the Italian National Group for the Defense Against Earthquake (GNDT) from 1984 

on-wards [40, 41]). The method consists in filling in a survey form data about 11 geometrical and structural 

vulnerability parameters, calculations of those parameters and finally, calculation of vulnerability index 

for the building. The main parameters consider type and organization of the resistant system, quality of 

resistant system, conventional resistance along two main horizontal directions of the building based on 

the estimation of the maximum re-sistant shear of the structure, position of the building and foundations, 

typology of floors, planimetric and elevation configuration, maximum distance among the walls, typology 

and weight of the roof, the presence of non-structural elements and state of conservation. For each 

parameter, the surveyor must judge the condition among four possibilities, from "A", corresponding to 

an optimal condition, to "D", meaning a bad condition. For each judgment, the method provides a 

numerical score. Weight coefficients are then used related to each parameter to account for the relative 

importance of each parameter in the global definition of vulnerability. Finally, a vulnerability index Iv is 

calculated in the form 
i

iviV wsI , where svi is numerical scores for each class and wi is the weight of 

each parameter. Such a vulnerability index is then normalized in a 0-100% range. A low index means that 

the structure is not so vulnerable and has a high capacity under seismic action while a high index shows 

that the structure is vulnerable and has low seismic capacity. 

Some buildings at the test area have been reconstructed and original light timber floors have been 

substituted with heavier reinforced-concrete slabs. Field observations of the damage states of the 

building heritage after the earthquakes has indeed shown that the replacement of timber floors with 

heavier concrete slabs, when performed on low quality masonry buildings, can substantially change the 

dynamic behavior of the structures, because it adds a considerable mass on the top of the building thus 

increasing the overall in-plane stiffness. Therefore in this project, the original vulnerability method has 

been improved with the modifications [42] to consider the possible substitution of the original light timber 

floors with heavier reinforced-concrete slabs.  

The distribution of the vulnerability index of the buildings is shown in Fig. 11. 
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Fig. 11. Vulnerability index map for test site Kaštel Kambelovac [43] 

 

5.4 Assessment of adverse consequences 
The adverse consequences in the test site for three earthquake scenarious were presented in terms of 

damage and risk. Namely, the vulnerability index is not a relevant indicator of seismic risk because it 

doesn’t give an information about the behavior of the building under a specific seismic action. Seismic risk 

of the buildings is here expressed by the damage caused by an earthquake of certain intensity and by a 

seismic safety index, here named as seismic risk index, defined as the ratio between the peak ground 

acceleration corresponding to the collapse of the structure and the ground acceleration for certain 

scenario.  

The methodology for the damage and risk assessment was based on the following procedure: 

 Calculation of peak ground accelerations for early damage and collapse states of the buildings by 

non-linear static (pushover) analysis of representative buildings; 

 Development of a new damage-vulnerability-peak ground acceleration relationship which 

estimates the damage of the buildings under specific seismic action; 
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 Risk analysis in terms of seismic damage; 

 Demonstration of seismic vulnerability and seismic risk by seismic vulnerability index maps, 

damage index and risk maps. 

Important part of the project is the vulnerability curves, defined for the historical center [43] and for the 

whole test area (Fig. 12). They can be used to determine damage for a building with known vulnerability 

index and the certain intensity of seismic action represented with peak ground accelerations. 

 

Fig. 12. Vulnerability curves: (1) for historic center of Kaštel Kambelovac; (2) for the whole test site  

Given the similar characteristics of the building construction in the entire City of Kaštela, where the 

centres of the settlement consist of stone buildings, and outside the centre are buildings and family 

houses mostly built of blocks with vertical and horizontal circles, future risk assessments can be performed 

according to 2 models: 

 Simple model: Calculation of the seismic damage of the buildings based on developed 

vulnerability curves. The procedure implies calculation of vulnerability index for each building and 

damage estimation for a building for the certain intensity of seismic action using vulnerability 

curves; 

 Complex model: Development of new damage-vulnerability-peak ground acceleration curves 

based on detail non-linear static (pushover) analysis for the buildings in other settlements and 

seismic damage and risk assesssment based on the vulnerability index of the buildings and new 

vulnerability curves. 
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6. Guidelines for improving existing seismic risk management 

plans   
 

Considering the weaknesses and shortcomings of existing strategies and plans in Croatia, developed 

methodology and main findings of the project, in this chapter, guidelines for improving existing seismic 

risk management plans at the test site is developed. 

Guidelines for improving existing seismic risk management plans should include prevention, crisis 

management and post-crisis management, with particular reference to: 

 guidelines within the spatial planning documentation in order to increase the seismic resistance 

of the buildings in the test area; 

 potential construction and / or non-construction measures to increase the seismic resistance of 

existing endangered buildings based on the spatial distribution of vulnerabilities resulting from 

activity 3.3. work package 3; 

 use of the results of the spatial distribution of vulnerabilities and risks in protection and rescue 

planning in crisis situations; 

 raising the awareness of the population about the seismic risk and protocols of the behavior of 

the population in case of earthquakes; 

 informing, protecting and rescuing the population and material goods in the event of an 

earthquake in the test area. 

The guidelines will be elaborated through the phases of the disaster risk management cycle: mitigation, 

preparedness, response, and recovery. 

 

6.1 Mitigation  
Mitigation activities in seismic risk management aim to prevent, eliminate or reduce the effects of the 

earthquakes. Mitigation measures in local seismic management plans are based on appropriate measures 

in national and regional development planning and on the availability of information on hazards, 

vulnerability and risks. The measures include application of building codes, vulnerability analyses, seismic 

microzoning, land use management and public education.  
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6.1.1 Current state of mitigation measures  

Considering the current state of regulations, plans, initiatives and applied measures in the test site, we 

can observe the following shortcomings: 

 The vulnerability and risk assessments in the City of Kaštela are based on a rough classification of 

the buildings depending on the period of construction, the applied structural system and 

materials. They can provide a rough estimate of the overall damage and overall casualties which 

are a good basis for organization of civil protection system, but cannot be used for more accurate 

risk assessment and management for the purpose of reducing risk and setting priorities in the 

rehabilitation. This issue should be tackled through the seismic risk management plan. 

 There are still no regulations or organized framework to support the risk reduction (to encourage 

and provide funding for the evaluation of the seismic resistance of existing buildings and 

infrastructural objects and strengthening those with insufficient seismic resistance). Between 

them, the following objects are of special importance: strategic and current dwelling buildings, 

lifelines and transportation networks, industrial facilities, monuments and buildings of high 

cultural value. 

 Periodic inspections of important buildings are not performed to determine their condition and 

regular maintenance. 

 There are no systematized databases of either buildings or the typology of construction.  

 Most of the buildings have not technical documentation and architectural plans.  

 There are no data on the construction of buildings, materials used, possible construction errors 

and subsequent repairs. 

 There are buildings at the test area that are falling apart or have been significantly damaged. 

 Uncertainty in the vulnerability assessment of the existing buildings due to the difference in 

knowledge about old buildings in relation to buildings designed in accordance with modern 

regulations can lead to unreliable results of vulnerability and risk. 

 A large number of illegally constructed buildings are placed in the test site and their seismic 

resistance is questionable. They are mostly built without design project and without construction 

supervision. Some of the buildings include unfavourable interventions in the load-bearing 

structure, i.e. change of essential requirements for the building.  

 A lifespan of 50 years was exceeded and material degradation occurred in most of the existing 

housing stock. 

 There are no data on the effect of earthquakes on the buildings (neighbourhoods) throughout 

history and possible consequences. 
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 There are no seismic microzoning studies of the area or geophysical investigations, except 

investigation performed through PMO-GATE project at the centre of Kaštel Kambelovac, which 

can support land-use planning or detail seismic assessment of the existing buildings. 

 

6.1.2 Guidelines for improvement of mitigation measures  

In order to reduce the risks of earthquake, the following structural and non-structural mitigation measures 

are proposed: 

Task 1: Land use planning 

Measures:  

 Micro-zonation study according to priority area: The City of Kaštela should plan detailed 

geophysical investigations with the aim of microzoning the entire area. Given that these are 

extensive and expensive tests, the priorities in the seismic risk management plans should be 

defined. The results of these studies should be provided by seismic micro-zonation map. 

 Database of existing geophysical and geotechnical investigation: In the absence of data from 

detailed geophysical surveys of the entire area and seismic micro-zonation map, it is advisable to 

create a database with the results of existing geophysical and geotechnical research in the city.  

 Provide vulnerability and risk assessment map: The City of Kaštela should provide the vulnerability 

and risk map of the area analysed in this project. The seismic vulnerability and risk maps should 

be also planned in the future for other parts of the city. 

Task 2: Retrofitting of existing structures 

Measures:  

 Create a database of existing public and private structures: It is recommended to create an 

electronic database of existing buildings and other structures (public and private) in which all 

known data, important for the assessment of seismic vulnerability, would be entered. Review of 

necessary data on buildings and the method of their collection will be elaborated in a seismic risk 

management plan. 

 Identify structures that required retrofitting: It is recommended to identify buildings and 

structures that required retrofitting. Regular visual inspections of buildings should be organized 

to determine their condition, especially buildings of special importance like strategic buildings, 
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lifelines and transportation networks, industrial facilities, monuments and buildings of high 

cultural value. 

 Prioritization of the structures: Vulnerability and risk assessment of existing buildings at large scale 

in order to reduce seismic risk and set priorities in their rehabilitation should be planned at the 

test area. Additionally, it is recommended to assess seismic vulnerability of the buildings at the 

rest of the City to set priorities in the rehabilitation using an experience in seismic vulnerability 

assessment of the test area. Additionally, plan for monitoring and detail analysis of the most 

vulnerable important existing buildings, especially public and strategic buildings, should be 

developed in order to help in setting the priorities in rehabilitation. 

 Prepare a scheme / programme for retrofitting: Scheme and programme for retrofitting should 

be developed to reduce the vulnerability of existing buildings based on the vulnerability and risk 

results of the buildings at the test area of this project. Retrofitting programme for other parts of 

the City should be planned after their vulnerability and risk assessment. It is especially important 

for buildings such as schools, monuments and archaeological sites, strategic buildings such as 

health buildings and emergency management facilities. 

 Formulate suitable financial base for retrofitting: Local government should developed plan to fund 

retrofiring of vulnerable public and strategic buildings. Local government should encourage 

citizens to strengthen the private residential buildings with insufficient seismic resistance. It is 

recommended to develop measures to continuously provide funds for the rehabilitation of the 

most vulnerable buildings, and to provide citizens lower administrative costs when issuing permits 

for reconstruction. 

Task 3: Removal of unsafe buildings 

Measures:  

 Inventory of unsafe buildings: The City of Kaštela the city should have a list of unsafe buildings. 

 Identify potential loss due to removal of building: Analysis of potential economic loss due to 

removal of the building should be validated. 

 Formulate suitable financial base: Financial base for removal of unsafe buildings should be 

provided. 

Task 4: Awareness 

Measure:  
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 Dissemination of the earthquake risk: The City of Kaštela should disseminate the results of the 

project related to earthquake risk to general public residing in the City. 

Task 5: Community based disaster management 

Measure:  

 Strengthening capacity of local services of the City of Kaštela: The City of Kaštela should encourage 

education of employees in city services, especially those in civil engineering department, to 

understand local vulnerability and risk, earthquake prevention needs, preparedness and response 

capabilities, through seminars and workshops on seismic risk reduction. 

 

6.2 Preparedness  
Preparedness activities aim to ensure a satisfactory level of readiness to respond to emergency. 

Preparedness activities have to ensure that emergency services and people at risk are aware of how to 

react during an event. These measures include logistical readiness to deal with disasters and can be 

enhanced by having response mechanisms and procedures, rehearsals, developing long-term and short-

term strategies, public education and building early warning systems. Preparedness measures are also 

focused to ensure strategic reserves of food, equipment, water, medicines and other essentials in cases 

of catastrophes.  

6.2.1 Current state of preparedness measures  

 Action on the population in order to increase the degree of awareness about seismic risk is 

limited. Community preparedness in the event of an earthquake is low. 

 There is no organized form to involve the construction experts in the post-earthquake phase in 

assessing the condition of buildings, emergency rehabilitation, etc. This is of crucial importance 

in the case of the destructive earthquake and should be considered. 

 

6.2.2 Guidelines for improvement of preparedness measures  

The following improvement of preparedness measures in the seismic risk management plan are proposed: 

Task 1: Community preparedness 

Measures:  
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 Review earthquake preparedness in the area. 

 Increase awareness of the citizens by dissemination of information about earthquake 

vulnerability and risk. 

 Promote earthquake risk management planning. 

 Take appropriate actions to enhance community preparedness through promotion and 

organization of education and emergency exercises/training. 

 Development of protocols of population behaviour in the event of an earthquake. 

 Selecting the most vulnerable groups at earthquake risk and planning activities to care for the 

most vulnerable groups at earthquake risk. 

 Making evacuation plans based on the results of seismic vulnerability and risk assessment 

obtained in the project.   

Task 2: Preparedness of expert teams for rapid assessment in emergency situation 

Measure:  

 Training of experts for rapid assessment in emergency situation: Organize volunteer engagement 

of civil engineers, electrical and mechanical engineers and other experts and provide them 

training to conduct rapid assessments of the state of buildings (damage state, possibility of use) 

as well as an assistance in emergency rehabilitation.   

 

6.3 Response  
The aim of emergency response is focused on the immediate needs of the population, such as the 

protection of life and property, emergency medical response, evacuation and transportation, 

decontamination, and the provision of food, water and shelter to victims and support the morale of the 

affected population.  These activities are organized through civil protection system and they are not in 

the focus of this project. The state of the readiness of the capacities in the civil protection system in the 

City of Kaštela is analysed in the document Risk assessment of major accidents for the City of Kaštela 10. 

The main conclusions of the analyses are as follows.  

The readiness of responsible and management capacities is estimated as high. The readiness of 

operational capacities of the civil protection system are assessed as low. State of mobility of operational 

capacities of the civil protection system and state of communication capacities are assessed as high. 
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6.4 Recovery  
Recovery represents short and long-term responses where the city authorities focus on clean-up, 

rehabilitation, reconstruction and rebuilding. Recovery measures include returning vital life-support 

systems to minimum operating standards, temporary housing, public information, health and safety 

education, reconstruction, counselling programs, and economic impact studies. Information resources 

and services include data collection related to rebuilding, and documentation of lessons learned. 

The City of Kaštela should include recovery measures in seismic risk management plan respecting the 

characteristics of the area.  

6.4.1 Current state of recovery measures  

 Procedure and plan for post-earthquake damage assessment are not included neither in local nor 

in regional documents. 

 There are no plans for reconstruction after the earthquake neither in local nor in regional 

documents. 

 There are no plans for socio-economic and psychologic rehabilitation. 

6.4.2 Guidelines for improvement of recovery measures  

The following improvement of recovery measures in the seismic risk management plan are proposed: 

 Development of plan for preliminary damage assessment during disaster phase. 

 Development of plan for detail post-earthquake damage assessment to provide a clear picture of 

post disaster situation and to identify damage caused to different sectors.  

 Development of the reconstruction strategies in the area: The strategies should include repair 

and restoration of damage buildings and critical infrastructures, reconstruction and relocation. 

 Development of the plan for post-earthquake socio-economic and psychologic rehabilitation.  

 

7. Italian plans for Disaster Risk Management 
 

The following text is excerpted from “Disaster Risk Management: Building the ‘Disaster Risk Assessment 

Tool’ for Italy, by Giovanni Marin, Marco Modica, Susanna Paleari, Roberto Zoboli, SEEDS Working Paper 

03/2019 February 2019”, [45]. The analysis takes a photograph of the Italian situation existing as of 2019. 

Reference can be made to this study for an exhaustive list of bibliographic contributions in the current 

state-of-the-art literature 
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7.1 The key- players of disaster management policy 
In Italy, the fundamental tasks of risk prediction, prevention, mitigation and emergency response are 

undertaken by the National Civil Protection Service (NCPS). The NCPS involves a wide range of actors, 

including national, regional, provincial and local authorities, other public/private institutions, volunteer 

organizations, the scientific research community and all the Italian operative structures (National Fire 

Brigades, National Police, Carabinieri, Armed Forces, Italian Red Cross, etc.). 

 Two NCPS central bodies (the National Committee for major risks prediction and prevention and the 

Operative Committee) ensure the connection between ex ante and ex post disaster management, while 

the National Coordination Centre (‘Sistema’) monitors emergency situations and, when needed, alerts the 

various components of the NCPS. The President of the Council of Ministers (PCM), through the Civil 

Protection Department (CPD), is responsible for coordinating and directing the NCPS, in accordance with 

the subsidiarity principle. Natural disasters are classified by Legislative Decree 1/2018 into three 

categories, depending on the extent, intensity and responsiveness of civil protection: ‘type a’ (municipal 

level), ‘type b’ (provincial and regional) and ‘type c’ (national). When a disaster cannot be faced at the 

municipal level, the higher levels are activated. For ‘type c’ events, the PCM declares the state of 

emergency. The role of the different administrative levels in the field of civil protection is also defined by 

Legislative Decree 112/1998, which has decentralized a set of functions traditionally performed by the 

State. This process, in turn, has been completed through the assignment of civil protection to the 

concurrent legislative competence of the national and regional governments by Constitutional Law 

3/2001 (i.e. the legislative power is exercised by regions, while complying with the basic principles 

established by the State). Administrative authorities are responsible for the various civil protection 

functions (related to both ex ante and ex post disaster management), as described below. 

Municipalities shall implement risk prediction and prevention activities specified by the regional 

programmes and adopt local and inter-municipal emergency plans, based on regional guidelines. 

According to [46], as of October 2017, 86% of Italian municipalities, belonging to 19 Regions 29 and the 

Autonomous Province of Trento, 18 had an emergency plan, ranging from 49% of Sicily to 100% of Friuli 

Venezia Giulia, Marche, Molise, Valle d’Aosta and the Autonomous Province of Trento. In case of natural 

disasters, the first response to the emergency has to be provided by the Mayor who shall manage and 

coordinate relief and assistance to population, through the municipal civil protection structures. When 

the event cannot be coped with at the municipal level, the Mayor activates the Prefect (i.e. the public 

authority representing the Government at the provincial level).  

Provinces: Provinces shall adopt risk prediction and prevention programmes and implement risk 

prediction and prevention activities established by regional programmes. Prefects shall adopt provincial 
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emergency plans, according to regional guidelines and direct emergency operations in the Provinces, 

through provincial civil protection structures, while coordinating their activities with those of the 

municipalities involved. They also inform the e Civil Protection Department and the regional Government 

about the occurrence of ‘type b’ or ‘c’ events. 

Regions:  Regions shall adopt risk prediction and prevention programmes, based on national guidelines 

and define the guidelines for the adoption of provincial emergency plans by the Prefects. They may also 

set their own emergency plans, based on Department of Civil Protection guidelines. Moreover, in 

observation of  Directive 2007/60/EC (EU, 2007), Regions were required to establish, along with river basin 

authorities, flood-risk managements plans  for all river basin districts by 2015 (being mainly involved in 

the provision of early warning systems for civil protection purposes). In October 2016, the FRMPs were 

approved by the Council of Ministers for all the eight Italian RBDs, except for the one of Sicily. Moreover, 

apart from risk preparedness, there are several other regional planning instruments that play a relevant 

role in reducing the hydrogeological risk, primarily the flood and landslides management plans, the 

landscaping plans, the natural parks plans and the climate change adaptation strategies. When ‘type b’ 

events occur, Regions shall launch urgent interventions, also availing of the National Fire Brigades. If the 

natural disaster needs to be managed through extraordinary powers and means, Regions submit a request 

to the PCM for a declaration of the state of emergency.  

 

Central government:  The central government is responsible for:  

1) directing, promoting and coordinating civil protection activities;  

2) deliberating and revoking the state of emergency for ‘type c’ events;  

3) issuing ordinances;  

4) drawing up national emergency plans concerning ‘type c’ events (e.g. the National Earthquakes Relief 

Programme was adopted in 2014) and  

5) organizing drills.  

 

As for the hydrogeological risk, the DPC and Regions manage, through a network of ad hoc centres, the 

national early warning and monitoring system. This complex system of natural disasters governance, 
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consisting of several different functions performed by multiple interacting actors, cannot be easily 

evaluated. In a nutshell, we can argue that the progressive reform of civil protection has contributed to 

increasing the effectiveness of the NCPS in coping with the short-term effects of natural disasters (Del 

Federico, 2016, p. 23). Further improvements need, instead, to be achieved regarding both risk 

prevention/mitigation (RPM) and disaster recovery policies. Under the former respect, priorities to be 

addressed include:  

1) strengthening the implementation of planning instruments and the application of land use restrictions 

and seismic codes and  

2) providing, on a regular basis, adequate public funds to RPM and incentives to support private 

investments in RPM.   

Some positive signals about the Government commitment to ex ante disaster management are 

represented by the recent introduction of a tax deduction for the seismic retrofitting of buildings (so-

called Sisma Bonus) and by the adoption, in 2017, of the National Program for reducing the 

hydrogeological risk (with a current budget of about 10 billion Euros for the 2015- 2023 period). Moving 

to recovery policies, it must be underlined that, apart from emergency relief by the NCPS, there is not to 

date in Italy a stable and predictable legislative framework for ex post disaster management. Since the 

country has neither a compulsory nor a semi-mandatory insurance against natural disasters, 

compensation for damages is mainly provided by the Government, either through grants or in the form 

of tax benefits. Most of these financial measures are not regulated by the Italian legislation in force but 

are specifically introduced after the occurrence of each natural disaster and only applied to single events. 

Some financial measures are recurrent, since they have been taken to address several natural disasters, 

but they are generally reproposed with differences in terms, e.g., of scope, recipients, and earmarked 

resources, which do not seem always justified by specific situations. It has been argued that, in this ‘fluid’ 

recovery governance system, resilience is improved when regional authorities ‘immediately take 

leadership to set up priorities and relevant actions, [but that this] «self-government» requires capacities 

that not all Regions and territories have’ (Bianchi and Labory, 2014, p. 13). Another relevant consequence 

of the Italian ad hoc recovery measures is that only in some cases they show a clear connection to the 

objective of risk prevention. 

8. National database: The casa Italia Database 
We report hereafter the conclusions drawn from Didkovskyi, O., Azzone, G., Menafoglio, A. and Secchi, P. 

(2021), Social and material vulnerability in the face of seismic hazard: An analysis of the Italian case. J R 

Stat Soc Series A, 184: 1549-1577. https://doi.org/10.1111/rssa.12739 
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Casa Italia is the Department that the Government wanted in March 2017 after the tragic sequence of 

earthquakes near Amatrice in 2016, to promote the safety of the country in the event of natural risks. Its 

task is to develop, integrated and integrated tools intended for the territory, care and enhancement of 

urban areas and the housing heritage. It was previously a mission facility. 

One of the first activities of Casa Italia was aimed at integrating and enhancing the rich information on 

natural risks already available as the result of numerous and continuing investigations carried out by 

several national institutions. The action was devoted to identifying the sources of information and the 

databases allowing for a unified and integrated vision of the natural risks insisting on the Italian territory, 

with reference to the three factors that compose risk, namely, hazard, vulnerability and exposure. 

Consistently with the mission of Casa Italia, the survey was limited to databases that (a) were elaborated 

by official and national research institutes, (b) covered the entire national territory, and (c) had a spatial 

resolution sufficient to allow identification and comparison of local specificities. Believing that it is the 

community, more than the single individual, which should be the collective principal agent of the 

prevention endeavour against natural risks, the municipality was identified as the smallest spatial 

statistical unit for the actual analyses. The product of this action is the Mappa dei Rischi dei Comuni 

Italiani3 (MRCI), which was presented to the public on February 18 2019 by the Department Casa Italia – 

a meanwhile established permanent division of the Italian Government, derived from the positive 

experience of the Casa Italia task force which terminated its activities in May 2018. The MRCI is a freely 

accessible web portal implemented by ISTAT, the Italian institute providing official statistics of the 

country.  

The portal supplies integrated information on different natural risks of Italian municipalities – such as 

earthquake, flooding, landslide, volcano eruption – in conjunction with socio-economic and demographic 

data.  

With the aim of creating a widespread awareness of the fragility of the Italian territory, the MRCI offers 

the possibility of viewing and downloading: 

- Indicators 

- charts  

- maps, together with  

- guided interactive features for data searching and filtering.  

Among the indicators of natural risks available in the MRCI, the focus of this work is on those allowing to 

quantify the risk from earthquake. As a matter of fact, prevention of seismic risk can only act on the 

reduction of the vulnerability of the communities endangered by it, when the option of reducing their 



 
 
 
                                 
 
 
 
 
 

 
 
72 

 
 
 
  

  

   

exposition by moving them to a less hazardous territory is excluded (Presidenza del Consiglio dei Ministri, 

2017).  

To develop precision policies for seismic risk prevention, it is therefore of paramount importance to 

understand and quantify the distinctive vulnerability of each community facing a seismic hazard, 

interpreted as its inability to withstand the consequences of a catastrophic seismic event (UNISDR, 2009) 

An emerging body of literature has been devoted to the assessment of social vulnerability, the interest in 

this topic being consistently high since the 1960th.  

Typical analyses developed in this context were carried out accounting for several factors related with, 

e.g., population’ age, ethnicity, and socioeconomic status, all these aspects contributing directly or 

indirectly to the the social and economic vulnerability of the population being studied. The complexity of 

defining social vulnerability through numerical indicators is well-recognized in the literature; for instance, 

Cutter et al. (2003) present 42 variables which contribute to societal characterization when dealing with 

its vulnerability. In fact, multiple authors have worked on developing ways to build summaries out of large 

sets of numerical indicators, e.g., through principal components analysis or factor analysis (see, the review 

of Cutter et al. (2003) and referenced therein). As a result of this approach, the principal components (or 

factors) are associated with one feature such as age, personal wealth, occupation, ethnic group, and then 

analysed separately, or merged within a global Social Vulnerability Index (SVI) score (e.g., by using an 

additive model, Frigerio et al. (2016a)). Having defined one or more vulnerability scores, their variability 

can be then statistically analyzed for evidencing spatial or temporal trends.    The complexity of elaborating 

indicators of social vulnerability aside, for the scope of this work it is relevant to mention that a number 

of authors precisely focused on the analysis of social vulnerability in the face of natural hazards   with 

particular reference to climate change  flood hazard  and sea-level rise  . As far as seismic risk is concerned, 

most vulnerability studies focused on the physical vulnerability of the residential buildings where people 

live, rather than on the vulnerability of the communities themselves, which is the aim of this work instead. 

We also note that a large part of previous studies addressed the problem at the local scale (e.g., at the 

level of single buildings) or at a county level. In this regard, it is worth mentioning that defining social 

vulnerability is a country-specific process, as it strongly depends on the peculiar features of the societal 

system being studied. This implies that conclusions should not be blindly applied to countries other than 

the one for which the analysis was originally made. As a matter of fact, very few works focused on the 

case of Italy, although the country is amongst the most exposed to natural risks. To our knowledge, the 

recent study presented in Frigerio et al. (2016b) [47] is the only available work that investigates social 

vulnerability with respect to seismic hazard in Italy. To capture social vulnerability, these authors studied 

through factor analysis several socio-economic indicators made available by ISTAT, and related with age, 
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employment, education, and anthropization.  In the next figures, we report two screenshots of the indices 

obtained for the seismic and the hydraulic risks. 
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es maps that are available at the Casa Italia database. 
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9. The Emilia Romagna regional plan for managing the seismic risk 
At the regional level, seismic risk management is implemented through the actions carried out by Regione 

Emilia Romagna, Agenzia Regionale di Protezione Civile (see  https://ambiente.regione.emilia-

romagna.it/en) 

Protecting the environment is at the very heart of Emilia-Romagna regional policies, with many integrated 

actions and specific plans that focus on air quality, agriculture, energy, mobility, waste management, 

protected areas, Natura 2000 Network, forests, and education to sustainability.  

Key areas of regional intervention include air quality, energy, climate change and green economy and 

circular economy. But also waste planning and management; water resources protection; atmospheric, 

acoustic and electromagnetic rehabilitation; assessments on environmental impacts; soil defence and 

prevention and management of emergencies. 

9.1 Risks, prediction, and prevention 
What the Region does 

The Region prepares and implements regional forecasting and prevention programs and carries out action 

aimed at the Provinces to prepare provincial forecasting and prevention programs. It creates a 

cartography system on the danger and develops thematic projects using an information system shared 

with the institutional components and the operational structures of civil protection. 

The forecast consists of activities aimed at studying and determining the causes of the calamitous 

phenomena, identifying the risks and identifying the areas of the territory subject to risks. 

Prevention consists of activities aimed at avoiding or minimizing the possibility of damage occurring as a 

result of calamitous events. 

The regional forecasting and prevention program for civil protection purposes, according to art. 11 of the 

L.R. 1/2005 and Law no. 225/92, constitutes the tool that contains the cognitive and evaluation framework 

of the risk situations existing in the regional territory. The Program records and recalls all the other 

instruments of territorial planning and safety incidents on the regional territory, created or to be 

implemented by the Region, the local territorial Bodies and any other public or private entity appointed 

for this by the laws in force. 
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9.2 Seismic risk prevention 
From the publication “2017, PREVENZIONE  E MITIGAZIONE DEL RISCHIO SISMICO” downloadable from 

the web page https://ambiente.regione.emilia-

romagna.it/it/geologia/pubblicazioni/opuscoli/prevenzione-e-mitigazione-del-rischio-sismico-2017  

it can be inferrred that the Emilia-Romagna Region has invested in the prevention and reduction of seismic 

risk since the 1970s, with both regulatory and applicative actions, in cooperation with public bodies and 

professional associations. These activities have allowed the formulation of guidelines to be applied in all 

phases of territorial governance (territorial planning, urban planning, civil protection plans, design).  

To ensure maximum safety for citizens, the Emilia-Romagna Region approved, in 2008, the Regional Law 

no. 19 "Rules for the reduction of seismic risk" and in the following years the guidelines for its 

implementation. The law, which incorporates the national regulatory framework, directs and standardizes 

all procedures relating to seismic matters. 

In the Municipalities of the Region, excluding those classified as low seismic, the start-up and 

implementation of the works is subject to the release of the seismic authorization. On the other hand, 

building interventions relating to buildings and infrastructures of strategic and relevant interest for civil 

protection purposes are always subject to seismic authorization. 

Thanks to the law, the regional Technical Scientific Committee (CTS) on seismic matters was established 

in 2009, an advisory body in the field of seismic risk reduction which sees the presence of experts on the 

subject. Since 2010, periodic monitoring of the policy acts has been underway which sees the broadest 

involvement of public and private operators gathered in the Regional Committee for the Reduction of 

Seismic Risk (CReRRS). 

The revision of the law is currently planned, considering the provisions of national laws on simplification 

and guidelines on seismic and construction matters and what emerged from the application of the same 

law. The data of historical and instrumental seismicity are the basis of the current seismic classification 

(Order of the President of the Council of Ministers 3274/2003) approved by Regional Council Resolution 

1435/2003. Most of the regional territory (204 Municipalities) is classified in zone 3 (low seismicity), 107 

Municipalities are classified in zone 2 (medium seismicity), while only 22 Municipalities are classified in 

zone 4 (very low seismicity). The same Resolution provides that in Emilia-Romagna also for zone 4 there 

is an obligation of anti-seismic design 

 

https://ambiente.regione.emilia-romagna.it/it/geologia/pubblicazioni/opuscoli/prevenzione-e-mitigazione-del-rischio-sismico-2017
https://ambiente.regione.emilia-romagna.it/it/geologia/pubblicazioni/opuscoli/prevenzione-e-mitigazione-del-rischio-sismico-2017
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As foreseen by the Regional Law 19/2008, the Emilia-Romagna Region has developed an integrated 

information system which constitutes technological support to the network of municipal, provincial and 

regional structures competent in earthquake matters and which allows the management information 

theory of seismic practices. The SIS is currently in use by more than 50 municipalities and will soon become 

fully operational in all municipalities in the region (sis@regione.emilia-romagna.it) 

  

For a more effective policy of prevention and reduction of seismic risk, in addition to the seismic 

classification, it is also important to know the areas in which the amplification of seismic motion and 

instability phenomena induced by the earthquake are possible. One of the most effective tools for 

acquiring this knowledge is seismic microzonation, that is the detailed subdivision of the territory based 

on the behavior of the ground in the event of an earthquake. 

In Emilia-Romagna seismic microzonation is mandatory for the approval of urban planning tools and has 

been regulated since 2007 (Legislative Assembly Resolution 112/2007, updated by Regional Council 

Resolution 2193/2015). to regional and national standards; by 2018 the municipalities will be 288 

(approximately 86%). 

Since 2012, studies of the emergency limit condition (CLE) have been associated with seismic 

microzonation studies. This involves the analysis, in terms of protection, exposure and conditions of the 

subsoil, of the structures deemed necessary for the management of the emergency so that the urban 

settlement, in the event of an earthquake, maintains the operation of most of the strategic functions. In 

Emilia-Romagna the Municipalities that have already carried out these analyzes are 129 (about 39%); the 

studies in progress and those planned, by 2018 the Municipalities with CLE analysis will be 274 (about 

82%). 

9.3 The seismic microzonation 
A significant boost to the realization of these studies came with article 11 of Law 77/2009 with which the 

State made available, for Municipalities with seismic hazard above a certain threshold, economic 

resources for studies aimed at reducing of the seismic risk, a part of which destined for seismic 

microzonation. In order to guarantee all Municipalities, the opportunity to learn and implement effective 

strategies for the prevention and mitigation of seismic risk, the Emilia-Romagna Region has its own 

resources to carry out seismic microzonation studies in the 61 Municipalities that had been excluded from 

the contributions. national. 
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To date 246 Municipalities of Emilia-Romagna are equipped with seismic microzonation studies adapted 

to regional and national standards; by 2018, the municipalities will be 288 (approximately 86%). 

Since 2012, studies of the limit condition for emergency (CLE) have been associated with seismic 

microzonation studies. This is the analysis, in terms of vulnerability, exposure and subsoil conditions, of 

the structures deemed necessary for emergency management so that the urban settlement, in the event 

of an earthquake, maintains the operation of most of the strategic functions. In Emilia-Romagna the 

Municipalities that have already carried out these analyzes are 129 (about 39%); considering the ongoing 

and planned studies, by 2018 the municipalities with CLE analysis will be 274 (approximately 82%). 

 

9.4 The relief of vulnerability 
From the late 1980s to today, the Region has conducted several campaigns to survey the seismic 

vulnerability of the existing public building heritage. Recently, following orders issued by the Department 

of Civil Protection, the survey was also extended to privately owned buildings. 

To date, 4352 public buildings have been characterized. A census of buildings and strategic infrastructures 

relevant for civil protection purposes was also carried out throughout the region, which led to the 

compilation of 4,463 building records and 498 cards relating to bridges. 

Pursuant to Ordinance 3274, since 2003 the preparation of the technical checks of public buildings by the 

owner of the building or the tenant is mandatory, analysis necessary for the planning of local 

interventions, seismic improvement or demolition and reconstruction on the most important buildings. 

vulnerable, as well as being a prerequisite for accessing public funding. 

The technical regulations for constructions in force govern the situations for which the safety assessment 

must be carried out even in the case of privately owned constructions. 

9.5 Competent technical structures 
The Regional Law 19/2008 establishes that the functions in seismic matters are the responsibility of the 

Municipalities that can manage them individually or in association or can make use of the regional 

technical structures. 

With the Regional Law 13/2015 it is confirmed that it is up to the Municipalities to exercise this function 

and that those who still make use of the regional technical structures must enter into agreements with 

the Region to define the effective date of the autonomous exercise of the relevant functions. seismic. 
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Currently there are 23 municipal technical structures (which refer to 129 municipalities) and 10 regional 

ones that are the reference for 204 municipalities. The situation is constantly changing. 

On 14 October 2004 a Memorandum of Understanding was signed between the Emilia-Romagna Region 

and the main components of the regional civil protection system on the Guidelines on emergency planning 

and on a coordinated intervention model. The Memorandum of Understanding was approved with 

Regional Council Resolution no. 1166/2004 "Approval of the memorandum of understanding and regional 

guidelines for emergency planning in the field of Civil Protection" supplemented by Regional Council 

Resolution No. 962 of 6 July 2009 "Organizational provisions aimed at activating the alert system of civil 

protection on the regional territory for hydrogeological-hydraulic risk ". 

(https://protezionecivile.regione.emilia-romagna.it/gestione-emergenze/risposta-e-gestione-delle-

emergenze/linee-guida-per-la-gestione-delle-emergenze-1) 

Targets: 

1/ provide local authorities with a homogeneous reference framework for the preparation of emergency 

plans in their own territory, favoring integration and collaboration between the structures 

2/ promote coordinated management of emergencies, ensuring more effective and timely interventions 

in the event of floods, earthquakes, hydrogeological events, forest fires or chemical-industrial risks 

9.6 Mobile column 
The mobile column consists of the set of men, equipment and operating procedures that are activated 

quickly for emergency interventions. These are ready-to-use self-sufficient functional modules, ready to 

be aggregated if necessary for emergency interventions on the regional territory, in Italy and abroad. Both 

structural and organizational standards have been improved over the years. 

9.7 Network of civil protection centres in the Region 
Emilia-Romagna can count on a network of civil protection structures spread throughout the territory in 

which to coordinate operators, vehicles and equipment to respond effectively to crisis and emergency 

situations. 

Since 2001, the Region, in agreement with local authorities, has encouraged and co-financed for over 20 

million Euros (Civil Protection Fund) the construction of 

• unified provincial centers 

• storage areas 
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• first aid facilities 

• supra-municipal centers 

• mixed operations centers 

• municipal operational centers 

 

10. Regional emergency plans 
 

The emergency plan is the tool that defines in a preventive way, when a calamitous event occurs, the 

responsibilities and tasks of those who must intervene, the chain of command and the resources to be 

activated for the protection of citizens and the territory. 

The Emilia-Romagna Region was the first in Italy to sign a Memorandum of Understanding between the 

main components of the civil protection system containing guidelines for emergency planning and a 

coordinated intervention model, to ensure more effective and timely interventions in the event floods, 

earthquakes, hydrogeological events, fires or chemical or industrial risks. 

 The plan is divided into three fundamental parts 

1. General part: it collects all the information on the characteristics and structure of the territory; 

2. Outlines of planning: stabilize the objectives for civil protection in any emergency situation, and the 

skills of the various operators; 

3. Model of: assigns decision-making responsibilities to the various levels of command and control, uses 

resources rationally, defines a communication system that allows for a constant exchange of information. 

The plan relies upon the document: Delibera di Giunta regionale n. 1439 del 10 settembre 2018 

and  "Indirizzi per la predisposizione dei piani comunali di protezione civile"  

10.1 Dams Emergency Plans (PED)  
The Dams Emergency Plans (PED) are used to define the operational strategies and actions to be 

implemented for alerting, prevention, emergency management and assistance to the population. These 

are documents that serve to manage in a coordinated, planned and safe way every risk situation linked to 

https://protezionecivile.regione.emilia-romagna.it/protezionecivile/normativa/DELIBERA1439_2018.pdf/at_download/file/DELIBERA1439_2018.pdf
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the presence of a dam in the territory, providing for interventions in the event of hypothetical collapse of 

the reservoir, very abundant releases of water or the spread of a flood wave. 

The system of skills that identifies the roles and tasks between all the subjects and operational structures 

committed to ensuring the safety of the population is very complex and includes reclamation consortia, 

prefectures, regional civil protection agency, provinces, municipalities, and unions of municipalities, Aipo, 

Arpae, Fire Brigade, health service, Enel Green Power and other network and infrastructure managers and 

civil protection volunteers.  

In Emilia-Romagna there are 10 "large dams" or expansion tanks (out of the total 24) for which the Region 

must approve as a priority the update of the emergency plan. This is required by a national directive that 

concerns all dams higher than 15 meters or with an overflow capacity of over one million cubic meters of 

water. 

The first of the "large dams" of Emilia-Romagna that received the green light for the new emergency plan 

provided for by national regulations (Directive of the President of the Council of Ministers "Large Dams" 

- 8 July 2014) was that of Mignano - in Piacenza -, in May 2018. The document is the result of a work 

continued for months by the technicians of the Regional Agency for Territorial Security and Civil 

Protection. 

The regulations provide that, prior to the drafting of the emergency plans, it is the updating of all civil 

protection documents that govern the management of the dams (quantity of water, release, etc…). These 
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acts must be approved by the provincial prefectures. The other "large reservoirs" of Emilia-Romagna, 

whose approval of the PED is a priority, are: the barrage of Isola Serafini and the reservoirs of Boschi and 

Molato in the province of Piacenza; the Parma expansion bank in the Parma area; the Crostolo expansion 

tanks in the Reggio area; the Pavana dam in Bologna; del Secchia, the Panaro expansion bank and the 

Riolunato dam, in the Modena area. 

The plans of the other Emilia-Romagna dams will instead be approved in two still successive phases: del 

Conca and Mondaino (Rn); of Ridracoli and Quarto (Fc); Santa Maria del Taro, Ballano and Lago Verde (Pr); 

of Fontanaluccia (Mo); of Ozola and Ligonchio (Re); del Piccolo Paradiso, Santa Maria, Scalere and Suviana 

(Bo). 

Operational guidelines relating to civil protection activities in basins where large dams are reported in the 

document Direttiva del Presidente del Consiglio dei Ministri dell' 8 luglio 2014 "Grandi dighe"  

 

10.2 Flood Risk Management Plan 
The Flood Risk Management Plan (PGRA) is a Plan introduced by the Community Directive 2007/60 / EC 

(so-called 'Floods Directive') with the aim of building a homogeneous framework at the district level for 

the assessment and management of risks from flood phenomena, in order to reduce the negative 

consequences for human life and health, the environment, cultural heritage, economic activities and 

strategic infrastructures. 

Based on the provisions of Legislative Decree 49/2010 transposing Directive 2007/60 / EC, the PGRA, like 

the Hydrogeological Planning Plans (PAI), is an excerpt of the Basin Plan and has the value of a 

superordinate plan with respect to to territorial and urban planning. At the scale of the entire district, the 

PGRA acts in synergy with the PAI in force. Planning process in its main stages 

It has a duration of six years, at the end of which a new process of revising the Plan is cyclically launched. 

It is articulated in two cycles: First cycle 2011 – 2015 and Second cycle 2016 - 2021 

The first implementation cycle ended in 2016 when the FRMPs for the 2015-2021 period were finally 

approved. 

The second cycle of implementation was divided into the following phases, which saw the final 

elaboration and adoption of the 2021 FRPs 

 phase 1: preliminary flood risk assessment, (concluded, for the second cycle, in December 2018); 

 phase 2: updating of the flood hazard and risk maps, (completed, in December 2019)  

 Phase 3: preparation of the Management Plans of second generation flood risk, (completed in 

December 2021). 

http://www.protezionecivile.gov.it/resources/cms/documents/Direttiva_8_luglio_2014.pdf
http://www.protezionecivile.gov.it/resources/cms/documents/Direttiva_8_luglio_2014.pdf
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In relation to the phases indicated, the updated version of the hazard and risk maps - second cycle - has 

been published since March 16, 2020. 

• The FRMP covers all aspects related to flood risk management: 

 

the prevention, protection, preparation and return to normal after the occurrence of an event, including 

within it, in addition to the management in the event phase, also the flood forecasting phase 

warning systems. 

It must therefore consist of some fundamental sections which can be briefly summarized in the following 

points:

the definition of the objectives to be achieved regarding the reduction of hydraulic risk, based on the 

preliminary analysis of the hazard and risk at the basin and district scale; 

• the definition of the measures deemed necessary to achieve the set objectives, including the activities 

to be implemented during the event phase. 
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10.3 The elaboration of the Plan 
The district basin Authorities are the competent subjects for the obligations related to the 

implementation of the Directive together with the Regions, Entities responsible - in coordination with 

each other and with the National Department of Civil Protection - to prepare and implement, for the 

territory of the district to which they belong , the hydraulic risk warning system for civil protection 

purposes. 

In the second cycle of implementation of the Directive, the territory of the Emilia-Romagna Region is 

affected by two new Plans (2021): the PGRA of the Po district and the PGRA of the Central Apennine 

district. 

10.3.1 Contents of the PGRA 

• the mapping of floodable areas, classified based on danger and risk; (PART A) 

• the measures to be implemented to reduce the risk in the prevention and protection phases (PART A) 

and in the preparation, return to normality and analysis phases (PART B) 

Flood hazard and risk maps update 2019 

Update of flood hazard and risk maps according to the PGRA cycle, the acts of the Permanent Institutional 
Conference published on March 16, 2020 (Deliberations n.7 and 8 of December 20, 2019) and the maps 
of the floodable areas 

 The map update concerns: 

• the overall hazard maps (floodable areas) which constitute the cognitive framework of the PAI; 

• the overall risk maps (R1, R2, R3, R4), pursuant to Legislative Decree no. 49/2010; 

• the hazard and risk maps (floodable areas, tie rods, speeds, exposed elements) in the APSFRs. 

From May 16, 2020, the new interactive cartography Moka FLOOD DIRECTIVE is online, the Gis Web 
application for viewing the maps of the danger and risk of floods 2019 relating to the territory of the 
Emilia-Romagna Region falling within the Po district. 

In this updated version, the Moka application also allows you to view the 2014 flood hazard and risk maps, 
relating to the first implementation cycle, in order to facilitate comparison with the 2019 version. 
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As part of the updating (second cycle of the Floods Directive) of the hazard maps relating to the Significant 
Potential Risk Areas (APSFR) of district and regional rank, where possible, the data concerning the water 
tie rods, height water compared to the ground level, represented distinct in 5 classes, using experimental 
and simplified methodologies. 

 

From May 16, 2020, the new interactive cartography Moka FLOOD DIRECTIVE is online, the Gis Web 
application for viewing the maps of the danger and risk of floods 2019 relating, in particular, to the 
territory of the Emilia-Romagna Region falling within the Po district. 

In this updated version, the Moka application also allows you to view the 2014 flood hazard and risk maps, 
relating to the first implementation cycle, to facilitate comparison with the 2019 version. 

As part of the updating (second cycle of the Floods Directive) of the hazard maps relating to the Significant 
Potential Risk Areas (APSFR) of district and regional rank, where possible, the data concerning the water 
tie rods, height water compared to the ground level, represented distinct in 5 classes, using experimental 
and simplified methodologies. 

Tie rods in the district APSFR 

Tie rods in the regional APSFR: 

• APSFR cards (31.47 MB) 

• Tables of water tie rods 

The tables in pdf format of the hazard maps within the regional APSFR are available for consultation 

The phase for the submission of observations was opened on April 14, 2020 and closed on August 14, 

2020. 

The first update of the maps of the danger and risk of the FRMP (Art. 6 of Directive 2007/60) was examined 

in the session of the Permanent Institutional Conference of 20 December 2019 

On March 16, 2020, the acts of the Permanent Institutional Conference (Resolutions n.7 and 8 of 

December 20, 2019) and the maps of the floodable areas are published, in accordance with the provisions 

of these Resolutions. 

From that date of publication, in the areas affected by floods identified from scratch in the published 

maps, the temporary safeguard measures referred to in Articles 6 and 7 of CIP Resolution 8/2019. 
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Following the ongoing emergency measures, the time limits of the active participation phase, in which all 

interested parties can make comments on the same maps, run from 15 April 2020 and end on 14 August 

2020, based on the extensions of the state. emergency issued by the Government. 

To guarantee this phase and respond to the requirements of Directive 2007/60 for the consultation of the 

maps, the page for accessing the documentation is shown: 

https://pianoalluvioni.adbpo.it/mappe-della-pericolosita-e-del-rischio-di-alluvione/ 

The tables in pdf format of the hazard maps within the regional APSFR are available for consultation. The 

phase for the submission of observations was opened on April 14, 2020 and closed on August 14, 2020.  

The first update of the maps of the danger and risk of the FRMP (Art. 6 of Directive 2007/60) was examined 

in the session of the Permanent Institutional Conference of 20 December 2019. On March 16, 2020, the 

acts of the Permanent Institutional Conference (Resolutions n.7 and 8 of December 20, 2019) and the 

maps of the floodable areas are published, in accordance with the provisions of these Resolutions. From 

that date of publication, in the areas affected by floods identified from scratch in the published maps, the 

temporary safeguard measures referred to in Articles 6 and 7 of CIP Resolution 8/2019. Following the 

ongoing emergency measures, the time limits of the active participation phase, in which all interested 

parties can make comments on the same maps, run from 15 April 2020 and end on 14 August 2020, based 

on the extensions of the state. emergency issued by the Government. 

To guarantee this phase and respond to the requirements of Directive 2007/60 for the consultation of the 

maps, the page for accessing the documentation is shown: https://pianoalluvioni.adbpo.it/mappe-della-

pericolosita-e-del-rischio-di-alluvione/ 

 

10.4 National seismic risk rescue program 
The National Seismic Risk Rescue Program, referred to in the Directive of the Presidency of the Council of 

Ministers 14 January 2014, in providing the guidelines for the preparation of the emergency plans of the 

various territorial levels about seismic risk, provides that each Region shall define the civil protection 

organization and the knowledge elements of its territory concerning the seismic risk (Annex 2).  “Allegato 

2 – Programma nazionale di soccorso per il rischio sismico” dell’Emilia-Romagna (Delibera di Giunta 

regionale n. 1669 del 14 ottobre 2019 (8.74 MB)) 

The Emilia-Romagna Region, acquired on February 28, 2019 the agreement of the Department of Civil 

Protection to the document "Annex 2 - National rescue program for seismic risk", drawn up in agreement 

https://protezionecivile.regione.emilia-romagna.it/rischi-previsione-prevenzione/programma-nazionale-soccorso-rischio-sismico/delibera1669_14-10-2019_testo.pdf/@@download/file/Delibera1669_14.10.2019_testo.pdf
https://protezionecivile.regione.emilia-romagna.it/rischi-previsione-prevenzione/programma-nazionale-soccorso-rischio-sismico/delibera1669_14-10-2019_testo.pdf/@@download/file/Delibera1669_14.10.2019_testo.pdf
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with the Prefectures - UTG, the National Association of Italian Municipalities and the Union of Italian 

Provinces of the Emilia-Romagna Region, and in conjunction with the Civil Protection Department, 

submitted the document to the Regional Council, which approved it with 

 Delibera n. 1669 del 14 ottobre 2019 (8.74 MB). The document, together with the organizational 

structure referred to in Annex 1 of the aforementioned Directive, constitutes the national plan for the 

seismic risk referred to the Emilia-Romagna Region. 

   

10.5 The app webGIS “Protezione civile – Programma nazionale soccorso rischio 

sismico”  
The Regional Agency for Territorial Security and Civil Protection has equipped itself with a 

webGIS application for the representation and sharing of the knowledge elements underlying the 

"Annex 2 of the national emergency plan", which constitutes a support tool for the seismic risk 

management. Created in the Moka web environment, the application re-proposes, as far as 

possible, the organizational structure of the document, also providing a web access point, on a 

territorial basis, to the connected documentary material (for example the maps of the Seismic 

Microzonation and CLE studies , Limit Condition for Emergency). 

Access is currently allowed to Agency staff, but profiling of other regional or external users is also 

possible. The contents of the application are continuously updated and implemented, ensuring the 

maximum effectiveness of the system. 

 

10.6 The agreements 
  

The Regional Agency for Territorial Security and Civil Protection enters into agreements with state, 

regional and local bodies and operational structures, associations and public service management 

companies, to ensure the prompt availability of particular services, vehicles and equipment, structures 

and personnel specialized to be used in crisis and emergency situations, in order to ensure timely support 

to local authorities. The conventions allow to obtain two main objectives: 

https://protezionecivile.regione.emilia-romagna.it/rischi-previsione-prevenzione/programma-nazionale-soccorso-rischio-sismico/delibera1669_14-10-2019_testo-1.pdf/@@download/file/Delibera1669_14.10.2019_testo.pdf
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1. The definition of conditions and procedures for having equipment, vehicles and specialized 

personnel, ordinarily engaged in institutional activities, for the purposes of civil protection 

activities  

2. the maintenance, management and use in emergency, of specialized equipment, which the 

Region purchases directly and which it assigns on loan to qualified operating structures or which 

are acquired directly from the operating structures themselves using regional funds. 

For emergency interventions: Firefighters, Carabinieri-Forestali, Port Authorities, Land Reclamation 

Consortia, Regional Union of Reclamation, Service Companies, CRI (Italian Red Cross), Atc - Trenitalia 

transport company. 

11. Role and tasks of the Ferrara Civil Protection Unit 
 Warns the population about the ALERTS and the Civil Protection EMERGENCIES published on the 

official website of the Region: EMILIA-ROMAGNA WEATHER ALERT and through its own Telegram 

channel: @PROTCIVFE 

 Provides, in an associated form between the Municipalities of Ferrara, Masi Torello and Voghiera, for 

the planning of civil protection and coordination of first aid. 

 Provides for the drafting and updating of the Inter-municipal Civil Protection Plan of the Terre Estensi 

Association. 

 Ensures the functionality and prompt operation of the headquarters of the Municipal Operations 

Center (C.O.C.). 

 It ensures a 24/7 availability service in order to guarantee a prompt response in the event of a civil 

protection emergency and environmental interventions.  

 Researches and processes data relating to sensitive elements present in the area. 

 Elaborates specific cartography for the identification of risk scenarios. 

 Organizes information relating to human resources, means and materials; 

 Maintains relations with the UTG Prefecture, the Regional Civil Protection Agency and all entities or 

subjects interested in civil protection issues.  

 Promotes and organizes preventive information and civil protection education for citizens and 

schools. 

 Promotes and participates in exercises in order to verify the functionality and effectiveness of the 

structures and intervention models to be used in the event of an emergency. 
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 Activates collaboration with the Civil Protection Voluntary Associations, agreeing on their tasks and 

employment, for the performance of civil protection activities relating to the territory of the Terre 

Estensi Intercommunal Association. 

 Intervenes, following communications from the Fire Brigade for any situations of danger to public 

safety caused by the state of maintenance of buildings in areas subject to public transit, making sure 

that provisional cordoning of the affected area has been carried out to avoid danger looming over the 

public passage and requiring building owners to restore safety conditions. 

12. Weakness and strengths of the regional seismic and 

hydraulic risk plans of the Emilia Romagna region  
The results obtained in WP 3 have shown that the current plan of management of the post-risk emergency 

relating to separately considered natural hazards of the territory of Ferrara and the Emilia Romagna 

regions, such as the seismic and the hydraulic risks, is, in fact, effective. The pre-emergency plans rely 

upon a strict regional surveillance policy managed by the Emilia Romagna region and the municipality of 

Ferrara.    Overall, the picture that emerges from the application of the tool suggests that the governance 

of natural disasters should represent a national priority, while, despite some positive signals (such as the 

introduction of the Sisma Bonus and the adoption of the National Program for reducing the 

hydrogeological risk), there is not, to date, in Italy, a long-term, coherent and sound risk reduction 

strategy. When considering ex post measures, it has been observed that, while the NCPS is quite effective 

in coping with the short-term effects of natural disasters, the Government financial assistance for 

recovery is not clearly predictable, as provided on an ad-hoc basis, so that, in the end, the resilience of 

local and regional authorities is crucial. 9.2 Weak points 

We have excerpted the remarks reported in reference [49] Patrizio Bianchi, Sandrine Labory. The role of 

governance and government in the resilience of regions: the case of the 2012 earthquake in the Emilia-

Romagna region in Italy. Incertitude et connaissances en SHS : production, diffusion, transfert, Maison 

des Sciences de l’Homme et de la Société Sud-Est (MSHS) - Axe 4 : Territoires, systèmes techniques et 

usages sociaux, Jun 2014, Nice, France.   The paper by Bianchi and Labory has examined the case of the 

May 2012 earthquakes in the Emilia-Romagna region in Italy. The analysis confirms that recovery 

governance is indeed a key aspect, and in particular the capacity of the government to rapidly set priorities 

and favour the cohesion of local communities. The governance of the emergency in this case has been 

characterised by three main elements. First, it included a rapid setting of priorities. The overwhelming 

priority was to maintain the cohesion of the local communities, and for this purpose actions were primarily 

orientated towards schools and work (allowing families to send their children to school and ensuring 

restart of economic activities so that people could continue their normal working life), besides of course 
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providing shelters to homeless people. Second, the governance was democratic and participative, with 

regional authorities guiding the process but including the local authorities (mayors of the affected cities) 

in the process. In addition, this democratic governance was also characterised by reliance on own forces: 

a call was made to engineers and experts from other regions to help the recovery process but the key 

priority setting and decision-making was made autonomously by the regional stakeholders, in a self-

government process. Third, governance was lead at the regional level: neither too local as would an action 

decided only at the level of the affected area, neither too broad as would be an action decided at national 

level. While the literature on recovery governance has increasingly stressed the important role of 

communities in the success of the reconstruction after disasters, this paper points to a key issue regarding 

the inclusion of communities in the recovery process: should the communities involved in the recovery 

process only include populations in the areas affected by the disaster, or a wider area? If a wider area is 

considered, how wide should it be? The paper has discussed a few cases where it is the national 

government which took the lead in emergency governance. These cases show that the national 

government tends to be too far away from information about local needs and desires. Many other cases 

also show the problems associated with national intervention: for instance, the Katrina Hurricane in the 

USA . However, too local a community may be too emotionally and materially affected by the disaster to 

be able to take appropriate actions. As a result, a key level of the recovery governance process appears 

to be the meso-level of governance, namely, at least in the case analysed in this paper, the regional one. 

13. Conclusions  
The present document collects the main documents taken from the scientific literature and the 

explanations available from the public sources of the regional authorities pertaining to the   territories 

involved in the activities of the PMO-GATE project, namely the territory for Kastela in Croatia and the 

Italian territory surrounding the municipality of Ferrara.   

The report has thoroughly shown that new guidelines that are necessary for preparing the intervention 

lines and the risk management plans of the Croatian territory.  The results obtained in WP3 from the FGAG 

unit in collaboration with RERA and Municipality of Kastela represent a milestone in the vulnerability 

assessment of the Croatian territory and will for sure serve as references for future developments of 

seismic risk management plans. 

On the Italian side, In Italy, the fundamental tasks of risk prediction, prevention, mitigation and emergency 

response are undertaken by the National Civil Protection Service (NCPS). The NCPS involves a wide range 

of actors, including national, regional, provincial, and local authorities, other public/private institutions, 

volunteer organizations, the scientific research community and all the Italian operative structures 
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(National Fire Brigades, National Police, Carabinieri, Armed Forces, Italian Red Cross, etc.). The existing 

plans are already functioning and there seem no need to add new management plans for facing single 

risks. a key level of the recovery governance process appears to be the meso-level of governance, namely, 

the regional one. The results obtained in WP3 have confirmed the risk management plans of the Italian 

size. 
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