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1 INTRODUCTION

Cross border risk assessment for increased prevention and preparedness in Europe: way forward — BORIS2
project (GA. 101140181), sponsored by Directorate-General for European Civil Protection and Humanitarian
Aid Operations (ECHO), aims to extend and enhance multi-risk assessment methodologies for emergency
conditions at urban scales across transnational borders in Europe. Crucial steps to reach this objective are:

1. toidentify the data availability and data sources
2. identify the legal framework and data protection rules applicable in each partner country
3. understand stakeholders and end-users needs.

These three elements are the core of WP2 and part of WP3 of BORIS2 project.

BORIS?2 project is developed in a multi-hazard environment and in cross-border areas. In this specific context,
the issue of data availability and need should be studied and analyzed to answer to two questions:

- the first is what are the differences between the two risks (seismic and flood) to achieve the goals of
BORIS2 and how do we bridge them?

- the second is what differences in data and procedures do we have between the countries and how do
we bridge them?

Working on these two questions is important to:

- Have an approach as consistent as possible for the two hazards, allowing for comparable results in
terms of indicators and assumptions for their evaluation.

- Have a common and shared procedure that can be applied to different countries and specifically in
cross-border areas, allowing for a common assessment in terms of expected outcomes, assumptions
for their evaluation, and subsequent actions to be applied for emergency management.

The research activities carried out in Task 2.3 and the subject of this deliverable, work on these two questions
from the results obtained from Task 2.1, which provides the overview of the methodologies employed for the
assessment of seismic and flood risk from the perspective of effective emergency management at the urban
level in the countries of beneficiary partners.

In particular, existing hazard, vulnerability, and exposure models for seismic and flood risk developed for
structures and infrastructures listed as critical during the emergency phase will be analyzed and compared,
together with the emergency management process proposed in each country. In this context, the necessary data
to implement this model are identified and described, together with specific obstacles and possible solutions
to solve the problem of missing data needed to apply the models.

This deliverable is divided into three chapters.

The first (§2) recalls the results of the work done in Task 2.1 and Deliverable 2.1, especially with regard to the
concluding chapters 7 and 8, where clear and complete comparative analysis of seismic and flood risk
assessment procedures at the urban scale across various countries is provided, together with a comprehensive
review of the national, institutional and legal frameworks for Civil Protection (CP) systems within the
participating countries. For each component of the risk assessment process - hazard, exposure, and
vulnerability - within the context of emergency management, we have gathered pertinent information that will
aid in defining the data necessary to implement risk assessment procedures at urban scale for emergency
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purposes. Based on this input, we are formulating various questions and considerations that will be beneficial
in gaining insights into the resources available to each country for addressing specific risks, understanding the
procedures adopted, and that could also be integrated into BORIS2 assessments.

In particular, the approach of Emergency Limit Conditions (ELC), developed in Italy for the seismic risk,
provide a methodological framework that can be extended to other risks and applied in other countries. For
applying this approach, we need then to figure out:

- How can we extend it to flood risk?
- How can it be applied to the other beneficiary countries?

This methodological framework represents one of the starting points of the project. Furthermore, in the
research of available data and defining country requirements, it is necessary to keep in mind each single
(seismic and flood) risk evaluation in a multi-risk context. So, if data and information on single risk are
available, we need to ask if they are valid and consistent in the multi-risk environment.

The available data already adopted for BORIS case study evaluations are also assembled. They are also
researched and collected for the new case study in Montenegro.

In Chapter 3 starting from the input of the Chapter 2, the needs to be investigated are listed. These requirements
allow to answer the questions and fill the gaps introduced earlier. This also represents one of the main starting
points of the development of the “Methodology for single risk and multi-risk urban assessment to support
emergency condition evaluation”, core of the WP4.
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2  MODELS AND DATA AVAILABILITY FOR SEISMIC AND FLOOD RISK ASSESSMENT AS
A SUPPORT TO URBAN-SCALE EMERGENCY MANAGEMENT

In the following, the chapter briefly describes the results obtained from the activities of Task 2.1, which
represents the context in which country data is searched and its needs are defined, to close the gaps between
risks and between countries, as introduced earlier, and to construe the path for the next steps of the project.

2.1 Emergency planning input

The emergency management has been made explicit through the introduction and description of disaster
management plans at municipal, regional, and national levels. Although the terminology of the plans (civil
defense and disaster management plans; evacuation plans) differs from country to country, the core elements
and objectives of the plans are comparable. In most cases, the aim is to assess possible hazards/scenarios at the
local level and then link them to a list of necessary actions (procedures, operations, and contact persons) to be
tackled. However, how detailed these plans are and on which aspects they are focused on differ from country
to country.

Since the interest of BORIS2 is to analyze the urban system, reference is made to the municipal level for
emergency planning.

In this context, for each country the following questions may arise.

- Isit possible to determine whether all cities in the beneficiary country have an emergency plan?

Austria. In Austria, the prevention and management of potential or occurring disasters is primarily the
responsibility of the federal states. The legal basis for dealing with such events is provided by the disaster relief
laws of the federal states, which primarily regulate the definition or declaration of a disaster and the
administrative operational management in the municipalities, districts and federal states. Every municipality
and therefore every city in Austria is legally obliged to draw up a disaster management plan and submit it to
the relevant authorities. These federal state-specific protection plans must be reviewed at municipal level as
required, but at least every three years, and revised and updated if necessary. In addition, external emergency
plans must be drawn up by the disaster control authority (district administrative authority) for businesses at
risk (businesses within the scope of the Seveso Directive). As part of the Interreg project goMURra (2019-
2021), a civil protection plan specifically for floods was drawn up for the first time for part of Styria and
coordinated bilaterally with Slovenia. It provides emergency services and emergency management with clear
instructions for action in the event of an emergency.

Italy. Each municipality is required to prepare a municipal emergency plan, approved by council resolution
and drafted in accordance with criteria and methods defined by the directives of the Department of Civil
Defense and regional guidelines. Periodic review must take place every three years at the most. The national
civil defense website reports in July 2022 that in total in Italy out of 8,051 municipalities, 88% (corresponding
to 7,123 municipalities) have a civil protection plan. In the Region of interest, that is Friuli Venezia Giulia,
100% of municipalities (216) have the plan.

(https://servizio-nazionale.protezionecivile.gov.it/it/approfondimento/piani-di-protezione-civile-comunali-
dati-di-dettaglio/)

Grant Agreement number: 101140181 — BORIS2 — UCPM-2023-KAPP- B@ﬂsz
PV

Project co-funded by the European Union Civil Protection




“Dcﬂngustriaﬁ
CISR e

OF LJUBL]JANA | Geodetic Engineering

Montenegro. At the local level Protection and Rescue plans in Montenegro need to be developed for the area
of whole municipality. According to the official data provided by the Directorate for Civil Protection and
Rescue, it is possible to determine exactly which municipalities have prepared a municipal emergency plan
(for different types of risks). A total of 17 municipalities (out of 25) in Montenegro have prepared Municipal
Flood Protection and Rescue plans. Regarding the Municipal Earthquake Protection and Rescue plans, 14
municipalities in Montenegro have prepared it until November 2024.

Slovenia. Regions and municipalities in seismic risk classes 4 and 5 must prepare their own independent
protection and rescue plans. This requirement follows an article from the Decree on the Content and
Elaboration of Protection and Rescue Plans, which explicitly states that protection and rescue plans are
necessary for municipalities with EMS-98 intensity VIII. The preparation of the emergency plan for floods is
determined by the flood risk class assigned to each municipality based on a national analysis and by the
presence of areas of significant flood impact. Municipalities in fifth risk class must prepare the plan, while
municipalities in third and fourth risk classes are obliged to prepare at least some parts of the plan (i.e.
determine the way of observation, notification and alerting, define the implementation of protection actions)
(URSZR, 2024). There are 212 municipalities in Slovenia, 22 are assigned into fifth class, while 92 of them
are categorized by third or fourth class.

Turkey. Within the scope of the Tiirkiye Disaster Management Strategy, Tiirkiye Disaster Response Plan
(AFAD, 2022), which defines the roles and responsibilities of service groups and coordination units that will
serve in emergency response, has been developed. In accordance with this national tactical plan, operational
disaster response plans for all provinces have been prepared. For districts with a population over 50,000,
governors have the authority to establish District AFAD (Disaster and Emergency Management Presidency)
Centers, in which case a district disaster response plan is prepared in accordance with the relevant provincial
disaster response plan.

Disaster and emergency preparations at the local level are made under the coordination of the Governor in the
province and District Governors in the districts with the support of all institutions and organizations. Service
groups are formed under Provincial Disaster and Emergency Management Center at local level. The main
responsible authority, supporting responsible authorities and duties and responsibilities of each service group
are defined in provincial disaster response plans. Coordination at the local level is provided by the governor in
liaison with the Ministry of Interior/AFAD Disaster and Emergency Management Center, deputy governors
and Provincial Disaster and Emergency Management Center, with support units including a press
spokesperson, legal affairs officer, liaison officer and security officer.

- If some have it and others do not, why the difference (e.g., only cities with a population greater
than 20000 residents, ...)?

Austria. See explanation at previous question.
Italy. See explanation at previous question.

Montenegro. In examining the implementation of municipal protection and rescue plans across various
municipalities in Montenegro, it is presumed that all municipalities are required to develop such plans in
accordance with national disaster management and civil protection guidelines. However, there appears to be
an inconsistency in the completion and availability of these plans across different regions. The reasons for
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these discrepancies could be influenced by a range of factors, including differences in administrative capacity,
resource availability, or prioritization of risk management initiatives.

Slovenia. See explanation at previous question.

Turkey. Although provincial disaster response plans have to be prepared, very few of them are available online.
Most cities either have not published their plans online or have not prepared their plans yet. The links to all
provincial plans (in Turkish) are available on AFAD’s webpage (https://www.afad.gov.tr/il-planlari).

- Do interesting cities that could become the project case studies (e.g. Gorica, Nova Gorica, etc),
because they are cross-border and subject to high seismic and flood risk, have the emergency
plan available and searchable? If the plans are available, where could they be downloaded from?
They could become the basis for evaluations and considerations of identifying the assets present,
strategic facilities, sensitive facilities, connections, shelter areas, ...

Austria. One possible municipality as a case study is Bad Radkersburg, a city with a historic old town, located
in the south-eastern part of Styria and bordering Slovenia along the Mur and Kutschenitza rivers. In Styria, all
municipalities and districts are legally obliged to draw up disaster prevention plans and a request was made to
the responsible authority in order to gain access to the plans as part of the project. In addition, as part of the
Interreg project goMURra (2019-2021), a civil protection plan specifically for floods was drawn up for the
first time within this region and coordinated bilaterally with Slovenia. According to the project homepage, it
provides emergency services and emergency management with clear instructions for action in the event of an
emergency. The authorities and project managers are also consulted here.

Italy. As mentioned before, each municipality in Friuli Venezia Giulia has the emergency plan, including
Gorizia. A report is available for download or viewing from the site reported below. It is translated, although
not in all chapters, into both English and Slovenian. A web map is available, the layers of which can be
downloaded.

It is accessible for download here https://pianiemergenza.protezionecivile.fvg.it/municipalities/31007/sections

Montenegro. The municipalities of Rozaje and Berane in Montenegro are under consideration as potential
case studies for the project, given their susceptibility to flood and seismic risks. Notably, while the southern
coastal municipalities of Montenegro are predominantly seismic-prone, they experience minimal flood risk.
Consequently, the northern regions, including RoZaje and Berane, are more likely candidates for case studies.
In 2016 and 2017, RozZaje Municipality developed a Municipal Flood Protection and Rescue Plan and a
Municipal Earthquake Protection and Rescue Plan, respectively. However, these documents are not available
to the public. In contrast, Berane Municipality has made its corresponding plans accessible, which can be
downloaded via  the following links: https://berane.me/wp-content/uploads/2016/03/ and
https://berane.me/wp-content/uploads/2014/12/

Slovenia. The general Protection and rescue plan for natural and other disasters for the city of Nova Gorica is
available. On the Austria and Slovenian border, the existing flood emergency plan for Gornja Radgona was
further developed as part of the Interreg project goMURra (2019-2021). The plan uses the current flood model
to analyse the flood risks for sensitive buildings and infrastructure.

Turkey. The Maritsa Basin is a transboundary and border water between Bulgaria, Greece, and Tiirkiye. While
Bulgaria is the upstream riparian country, Tiirkiye and Greece are the downstream riparian countries. As per
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the protocol signed between the General Directorate of State Hydraulic Works and the Bulgarian National
Institute of Meteorology and Hydrology in 2005, 4 stream gauging stations were established in Bulgarian
territories and the data of these stations are monitored instantly by the General Directorate of State Hydraulic
Works. Thanks to these stations, early warnings of floods are given by monitoring the water levels in the rivers
before the flood reaches Edirne, which takes 15 hours. Under the EU Capacity Improvement for Flood
Forecasting and Flood Control in the TR- BG CBC Region Project between 2008 and 2010, the “Flood
Forecasting and Early Warning System” was established. With the system, rainfall and river flow
measurements in the basins are instantly sent to related institutions in Bulgaria and Tiirkiye, and the flood
model software works every day to make flood predictions. The model estimates precipitation and flow to
predict flood risk and is continuously monitored. When a flood risk is identified, the Edirne Governorship, the
General Directorate of State Hydraulic Works, the Ministry of Agriculture and Forestry, local municipalities,
district governorships, and affected citizens are promptly informed. Current data from Flow Observation
Stations in the Merig, Arda, Tunca, and Ergene River basins can be found at http://edirnenchir.dsi.gov.tr, and
flood alerts are issued as needed. Furthermore, the "Technical Assistance to Prepare a Flood Risk Management
Plan for the Meri¢-Ergene River Basin" project, funded by the EU IPA I, is being implemented from March
2022 to March 2025. This project involves conducting studies to develop a Flood Risk Management Plan for
the Meric-Ergene River Basin, assessing potential mitigation measures, and communicating the findings to the
public. Additionally, the project aims to revise the existing Flood Warning System, transforming it into an
advanced Flood Forecasting and Early Warning System with extended coverage across the entire basin.

- Are the emergency plans defined for both hazards? Do the same agencies manage them? Are
they consistent, comparable? Do they have common points or differences?

Austria. The disaster management plans throughout Austria should include the following in particular,
irrespective of the specific guidelines for each country:

— An overview of the local conditions, including the (topographical) conditions and technical features of
facilities that are important for disaster control;

— Description of foreseeable disasters including areas at risk and the type of hazards to be expected in each
case. This point can include both floods and earthquakes, if these are relevant for the region. All other
checklists and points then relate to the defined hazards.

— List (contact details) of the available alarm, communication, assistance and rescue facilities;

— List (contact details), function and qualifications of persons authorized to issue orders and executive
bodies;

— List of the material resources to be requested in the event of an emergency, their owners or authorized
persons and the respective location of these resources;

— A list of the measures to be taken in the event of a disaster, in particular an alarm plan;

— Information on measures that must or can be carried out in the event of a disaster in accordance with other
statutory provisions.
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This means that the same instrument has to be applied by the same authority to both foreseeable disasters
caused by floods and earthquakes if they represent an expected hazard. As earthquakes usually only have a
very low priority in the risk matrix in Austria, there are few disaster management plans that deal with them.

Italy. The definition of the municipal civil protection plans, their updating and their implementation must
involve all areas/sectors of the administration (for example: urban planning, technical sectors, roads) under the
coordination of the municipal civil protection service where existing (DPCM 30/4/2021). The plan must be
prepared for all hazards in the municipality and according to the guidelines given by different regions. So, we
have one plan, in which there is information about both hazards.

In particular, it is organized through the following sections:

— General part, This part collects all the information regarding the characteristics and structure of the
territory:

o General Data of the municipality;
o Numbers of the Emergency communications system;

o Location of the Municipal Operations Centre (COC in Italian) which in the case of Gorizia is different
for seismic and flood risk;

o Data on population deriving from the last Census available (2011);

o Hazard analysis and mapping: where the seismic and flood hazard maps are introduced. The
earthquake hazard is taken from the study carried out by OGS (The National Institute of
Oceanography and Experimental Geophysics), the Universities of Trieste and Udine on behalf of the
RCP (Regional Division of the Civil Protection Department) in 2006 and is represented by mapping
the peak accelerations to the free surface of the soil, therefore also taking into consideration the nature
of the soil itself. Further details on this risk can be obtained from seismic micro-zonation studies if
annexed to the plan. Information relating to areas affected by hydraulic risks mainly derives from the
Hydrogeological Structure Plan (PAI) regarding river basins of national, inter-regional and regional
interest that have been either approved, being prepared and/or updated (Projects, Variations) pursuant
to legislation of both a national (Leg. Decree No. 152/2006) and/or regional nature (Regional Law
No. 16/2002) and this data is periodically updated.

o Hydrometeorological sensors network;
o A list of Emergency areas (waiting and hospitalisation area);

o A list of Strategic (Civil Protection Office, City Hall, Social and Welfare Services, Local Police,
Meteorological Office, Railway Station) and Relevant Buildings, as schools.

— Planning Outlines establish the objectives to be achieved in order to provide an adequate response of the
Civil Protection Office to any emergency situation as well as the skills of the various operators involved.
In particular, it is specified that the Mayor is the Municipal Civil Protection authority. In his/her capacity
as the civil protection authority, the Mayor has the primary task of safeguarding the population and
protecting his/her own territory. The measures for safeguarding the population against foreseeable events
are aimed at moving them away from the danger areas, with particular regard to people with reduced
autonomy (the elderly, the disabled, minors). For this purpose, the Mayor will give instructions with
regard to assistance to be given to the population in the waiting areas and in the appropriate hospitalisation
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UCG

areas identified by the Plan (A — Emergency Areas). Regarding unforeseeable events, it will be of
paramount importance to organise first aid and urgent technical measures by calling the Single Emergency
Number (SEN) 112. In this session the plan reports the three priority elements to act on in order of
importance, that are:

1. during the first phase of the emergency period, measures regarding the re-activation of land, rail and
air transport will have to be provided in order to facilitate the arrival of the rescue services, on-track
machinery as well as the necessary materials with priority given to the strategic infrastructures,
favoring the prompt restoration of the connecting roads to emergency areas specially identified for
access by emergency vehicles and towards which escape routes for the population converge;

2. asasecond priority element to be acted upon, the need to the re-activation of telecommunications must
be guaranteed primarily for public offices and Operations Centres located in the affected area,

3. as the third element arises the safety of the networks providing essential services. It is further recalled
that in confirmation of the fact that the main purpose of the Emergency Plan is to save the population
and to ensure, using all means available, the maintenance of the level of civil life, thrown into crisis
by a situation creating great physical and psychological hardship, the safeguarding of cultural
heritage located in the areas affected by the event on the basis of the information recorded in the Plan
is, in any case, of paramount importance.

— Model of intervention describes the main operational actions of the various parties involved in the
implementation of the Municipal Plan, as well as the self-protection measures to be adopted by citizens.
It is interesting to report the activities most consistent with the project's purpose BORIS2, as:

o The delimitation of areas at risk;

o The activation of the rescuer gathering areas chosen according to need among those previously
agreed upon with the Regional Division of the Civil Protection Department to ensure a rational use
within the rescuers’ areas of operation. They constitute the rescuers’ points of orientation and contact
with the Town Hall, and, for this purpose, they have been identified in close proximity to motorway
toll booths or, in any case, which can be easily accessible even with large vehicles, not too close to
built-up areas, in locations that are not subject to natural disasters;

o The activation of the population waiting area, these are first reception areas situated in squares or
safe open places, where the population will receive the first information regarding the event and the
first assistance pending the preparation of the outdoor shelter areas (with tents and caravans) or
indoor shelter areas;

o The activation of outdoor areas and shelter buildings for the population.
In the plan, activities related to each hazard are also specified.

Montenegro. Generally, not all municipalities in Montenegro have emergency plans for both floods and
earthquakes. Both types of plans are prepared by working groups established by the president of the
municipality. Local authorities are responsible for preparing and managing the plans. Protection and rescue
plans are developed in accordance with the Regulation on the Methodology for Developing Protection and
Rescue Plans. This regulation defines the content, harmonization, and updating of plans for protection and
rescue from various types of hazards. In theory, this methodology is intended to ensure consistency and
comparability among the plans. To a certain extent, this objective is achieved. The first part (general part) of
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protection and rescue plans for floods is similar to those for earthquakes, and presents a common point of those
plans. This “General part” of plan details the geographical position to address environmental and infrastructural
challenges, followed by an analysis of relief, including geomorphological and engineering-geological
characteristics crucial for assessing susceptibility to hazards like floods and earthquakes. Climatic
characteristics are reviewed, complemented by geological-hydrological features important for both disaster
and recovery planning. The plans also evaluate the state of the environment and cultural heritage, alongside
demographic features to tailor response strategies effectively. They cover economic and infrastructural
facilities such as critical economic facilities, power systems, gas stations, and transport infrastructure, ensuring
all potential risk points are addressed. Non-industrial facilities including educational, health, and cultural
institutions, as well as sports, tourism, and government buildings, are thoroughly outlined. However, not every
municipality have implemented their plans with the same level of detail and comprehensiveness.

Slovenia The emergency plans for each region and municipality are prepared for all the natural and other
disasters that are identified as threatening the area. If in the area high risks for both earthquakes and floods are
expected, then the emergency plan addresses both. The plan is therefore prepared as a whole by the
Administration for Civil Protection and Disaster Relief and by the regional Civil Protection offices. The
structure of a document allows some comparisons, while certain content depends on the specifics of the type
of hazard.

Turkey. A provincial disaster response plan is prepared for all nature-induced disasters to which the province
may be exposed to. It defines the main responsible and supporting responsible authorities, the organizational
structure of emergency management center, coordination committee and units, service groups and how to
manage disaster response in case of an emergency.

- Which is the type/format of the emergency plan data? Vector data, reports, database, tables, ...

Austria. In Austria, the disaster management plans are not available to the public online. Individual documents
from selected municipalities can be found online on municipal homepages. An electronic solution (Styrian
Disaster Management Plan Online) was created and made available by the Styrian Disaster Management
Department for internal use by the authorities. The documents may contain text passages, checklists, maps,
orthophotos and contact details. At federal state level, all geoinformation that is open to the public is made
available via GIS portals.

Italy. The civil protection plan is downloadable in a PDF file. In addition, there are PDF flyers for each
identified waiting area, which generally in the event of an earthquake, is intended for the initial reception area
of the population. These flyers include the unique emergency number, the location of the area, a picture of the
area outside, and the self-protection measures that citizens should put into practice in the event of fire, flood,
and earthquake.

A cartography section, based on a webGis, is also available for the Regional Emergency Plan. It contains
regional but also municipal data, as follows:

- Different types of backgrounds: mountains, the OpenStreetMap layer, an orthophotos;

- The municipal and regional boundaries;
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- Different elements or buildings that can be involved in the emergency management system, are classified

m:

o State Bodies, where we find: Prefecture in the provincial capitals, the fire stations and base camps,
Carabinieri, State Police, Italian Finance Police, Captain of Ports Department;

o Regional Division of the Civil Protection Department, where we find: the areas of the Civil Protection
Department Districts, the Provincial boundaries, the location of hospitals and of the Forestry Stations;

o Municipalities level, where we find the localization of the City Hall, Civil Protection headquarters
and the Local Police.

- For each hazard (weather-related, forest-fire, earthquake and human activities) different layers are
provided. In particular:

o For weather-related hazard we have:

Alert zones layer that represents the four river basin/catchment areas;
Weather zones layer (with 9 zones);

Hydraulic hazards maps as mentioned before deriving from the Hydrogeological Structure Plan
(PAI). Six areas are identified: Low Hazard (P1), Medium Hazard (P2), High Hazard (P3A and
P3B), Riverbed and Attention Zones;

Hydraulic Risks prepared within the framework of the Flood Risk Management Plan (Directive
2007/60/EC), with the identification of the fluvial area and 4 zones classified in moderate (R1),
medium (R2), high (R3) and very high (R4) risk;

Flood hazard maps with relative water depths available from the Flood Risk Management Plan
(Directive 2007/60/EC) according to the following scenarios: low probability of floods or
extreme event scenarios (300 years Return Period); medium probability of floods (100 years
RP); high probability of floods (30 years RP);

Localizations of sites and hydraulic infrastructure to be monitored at regional and municipality
level.

o For seismic risk we have:

A hazard map with different classes of horizontal peak acceleration to the free surface of the
soil expressed in g, as mentioned before;

The localization of the waiting area, as introduced before, at regional level;

The localization of the fire-fighters base camps.

- The last section has a tab called “All Layers”, where it is possible to see different datasets already
mentioned in the previous sections classified as proposed in Table 1. Only the categories pertaining to the
project are recalled.
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Table 1. Datasets mentioned in the Regional Emergency Plan available also at the municipal level.

Emergency Strategic Important Hydrogeologic Strategic Monitoring
Area Buildings Buildings Hazard Infrastructure Network
. . Mitigation — .
Waiting Area Sl Schools measures locations Entry Point R
Headquarter . Accelerometers
at regional level
. Mitigation — .
Firefighters Base Forestry Station Health facilities measures locations Ports Seismic station -
Camps . Velocimetry
at municipal level
City Hall - Major accident Airports Seismic station —
Municipal Offices risk industry P Broadband

Seismic station —

Fire Station: ildi
ire Stations Buildings Sensors

Prefecture
Carabinieri
State Police
Italian Finance
Police
Local Police
Hospital
Primary Care
Centers
Pharmacy
Captain of Ports
Department
Prison Institute
Amateur Radio -
Radio Room
Other (for Gorizia
for example
hydrometeorological
office, ...)

These data can be downloaded in KMZ, GeoJSON and GeoPackage.

Montenegro. Municipal Protection and Rescue plans, for both risks, are prepared in .pdf format, and their
exact content may differ from municipality to municipality. However, the PDF file mostly consists of a textual
report that may contain tables with data regarding the endangered population, tables containing an overview
of human and material resources of local government bodies, business entities, other legal entities, and
entrepreneurs, charts representing organizational schemes of action, and, in some cases, a map of the
endangered area and in case of seismic risk hazard distribution map.

Slovenia National protection and emergency plans are drawn up by the Administration for Civil Protection
and Disaster Relief in cooperation with ministries and other state bodies and relevant professional
organizations. A specific state emergency has been prepared separately for floods and earthquakes. The
regional plans shall be a breakdown of the national protection and rescue plans, and may also be a joint regional
plan or a joint individual part of the protection and rescue plans, if so decided by the Protection and Rescue
Administration of the Republic of Slovenia on the proposal of a branch office. The emergency plans, parts of
a plan or plans, documents for the implementation of specific protection measures and specific protection,
rescue and assistance tasks must be coordinated with the basic (state and regional plan), as must the plans of
all other planning authorities. The emergency plans are available as documents in pdf format at the official
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websites of the Administration for Civil Protection and Disaster Relief, the municipal emergency plans are
available on the web for some municipalities.

Turkey Provincial disaster response plans are available as documents in pdf format. A general template of a
provincial disaster response plan is provided by AFAD, so the plans have a similar structure. The prepared
plans (in Turkish) are accessible online via the websites of Provincial AFAD Centers
(https://www.afad.gov.tr/il-planlari).

2.2 Risk assessment components input

Deliverable 2.1 introduces also the country procedure for risk assessment at urban level as a support to the
emergency management. They were presented through procedures for single risk assessments, as there are no
methodologies in multi-hazard environment. However, in the discussion of the following questions, we
highlight the similarities between the two hazards, the differences, and on the latter what is the harmonization
process needed to perform a multi-hazard assessment, starting with the assumptions already tested in BORIS
and introducing new ones responsive to the new activities and processes in BORIS2.

Each component of a risk evaluation has been discussed, and the following input can be examined in depth.

2.2.1 Analysis type

The risk results from the convolution of hazard, exposure and vulnerability, according through different types
of analysis. The time-based risk analysis is related to a specific observation time window (To), for example 1
year or 50 years, the return period-based or event/scenario-based risk analysis are related to an event with a
certain return period (Tr). Depending on the purposes of the evaluation, it is more appropriate and consistent
to use one type of analysis rather than another. For example, as detailed in FEMA (2012) a time-based
assessment can be used to provide the average annual value of a performance measure. Average annual values
are useful in benefit-cost studies, and for determining reasonable insurance premiums on a property. Scenario-
based assessments provide direct information regarding the probable repair costs for such an occurrence, the
potential for life loss, and the potential for long term loss of use. For the decision-makers, these impacts can
be quantified through metrics that describe how big the losses could be, as in the form of an expected
performance, together with possible upper and lower bounds.

In this context, the return period-based evaluation seems to date to be the most widely used model by countries
for risk assessment as a support to the emergency management. However, it is believed that an event-based
approach may be more consistent, because with this approach one can plan and evaluate a stressed system
more consistently with the magnitude of an actual event, rather than through a return-based approach. The
return-based approach by reproducing the envelope of possible events, might overestimate the impacts of a
specific event and “over-stresses” the system, do not allowing to properly evaluate the civil protection
procedures in place and their effectiveness.

In this context two questions can be posed:

- Is it possible to evolve the return period-based approach to event/scenario-based risk? For each
country, is it employed at the institutional level, or does it remain an approach taken in research
and/or insurance areas?
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Austria. The Austrian flood hazard assessment follows a probabilistic approach by using hydrologic and
hydraulic models and data from past events to consider the following different scenarios within the hazard and
risk maps and to communicate flood risk. The flood hazard map for all APSFR areas shows the inundation
area and provides information on which flooding scenarios a property/location is potentially affected by (high
probability of flooding (HQ 30), medium probability (HQ >100), low probability (HQ 300)). The water depth
and flow velocity can then be read from the hazard map and process characteristics for the scenarios that are
relevant for the property or location. These two variables depend on the probability of occurrence of the event.
The Legal Framework of Austria’s seismic risk assessment is controlled by Eurocode 8 (EN1998-1-1, 2004)
which regulates "the design of structures against earthquakes". It also contains national annexes (ONORM EN
1998-1), which take into account regional characteristics such as the expected earthquake intensities and
ground accelerations. The centerpiece of ONORM EN 1998-1 is the hazard map, which divides Austria into
five hazard zones 0 to 4. Based on the Probabilistic Seismic Hazard Assessment (PSHA) methodology, the
seismic hazard map of Austria shows the ‘horizontal reference ground motion’ in accordance with the currently
valid ONORM EN 1998-1. The seismic zonation is carried out based on ground motion values with a 10%
probability of exceedance in 50 years, i.e. 475-year mean return period. Five hazard zones from 0 to 4 with
different expected ground motions [m/s?] can be distinguished for Austria. The levels of potential building
damage — from moderate to total destruction, following the concept of the European Macroseismic Scale 1998
(EMS-98) are expressed by the hazard zones as well as follows:

Zone 0: (Grade I-VI) not perceptible to strong vibrations with possible minor damage to buildings
Zone 1: (Grade VI) slight damage to buildings

Zone 2: (Grade VII) medium building damage

Zone 3: (Grade VII) severe building damage

Zone 4: (Grade VIII-XII) severe building damage to complete destruction

Italy. Ttalian codes follow a return period-based approach for the assessment of the existing buildings and the
design of new ones. The evolution from return period to scenario-based risk is possible, but the latter has not
yet been adopted at the institutional and normative level, remaining more in the academic and insurance world.
In fact, at the normative level, the adoption of hazard maps is proposed, that represent all possible events that
can affect the area of interest, but they do not represent specific events. In the case of flood, an event or scenario
usually affects only a portion of the country. The distinction between flood map and flood scenario is
fundamental: flood risk estimates only based on flood maps are reliable if the area of interest is relatively small
but, if the area is wide, it is necessary to generate all possible flood scenarios that can affect the area of interest
with their probability of occurrence. To date, when referring to specific, non-convoluted events, there is a
tendency to simulate past events of a given intensity (generally the most probable risk scenario and the worst
case scenario), either for the emergency planning part, or for the definition, for example, of the National
Disaster Risk Assessment (as described in UNISDR, 2017) and, finally, for the calibration part of hazard,
exposure, vulnerability and impact models, to be used in subsequent risk analysis from a forecasting and
mitigation perspective. For example, for the seismic part in Italy, historical events like Friuli 76, Irpinia 80,
L'Aquila 2009 were modeled in this study (Dolce et al. 2021) for the calibration part of vulnerability models
to be used in other assessment such as NDRA. Similarly, impact data from a flood event can be adopted for
the definition of new site-specific depth-damage curves (Taramelli et al. 2022), to be used as a comparison and
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calibration of more established curves such as those proposed by JRC (Huizinga 2007 and Huizinga et al.
2017) or HAZUS (FEMA 2009, Scawthorn 2006).

Montenegro. The Municipal Flood Protection and Rescue plans do not include a return period-based approach
or event/scenario-based risk assessment. The text report provided in the plans is based on an analysis of case
studies, which represent descriptions of historic floods that caused damages. If available, in some cases,
hydrological data values are also provided (e.g., the flood ‘intensity’ may be described through precipitation
rate). In case of seismic hazard analysis, although scenario-based assessments are developed, they incorporate
elements of the return period approach. This is exemplified by the method used to define representative
earthquakes for risk assessment scenarios. According to the available protection and rescue plans, the selection
of representative earthquakes is based on the potential earthquakes that known seismogenic sources around the
community can generate. The crucial factor in this selection process is the earthquake's magnitude, which is
determined to correspond to the maximum expected effects as analyzed by seismic hazard assessments. For
these scenarios, the magnitude considered is the one that can occur with a probability of 70% within 100 years,
indicating a reliance on return period-based metrics. In terms of institutional involvement, the scenario
development in Montenegro is mainly conducted by the Institute of Meteorology and Seismology. This
institution plays a critical role in providing seismic hazard analyses on demand, catering to the needs of both
planning authorities for the creation of protection and rescue plans and researchers in the field.

Slovenia. In case of floods, the risk class of regions and municipalities, which define the need of preparing the
emergency plan, is defined based on various analysis and documents. For example, the flood hazard areas were
defined based on different return periods of floods.

Turkey. Tiirkiye Building Earthquake Code follows a return period-based approach for the design of new
structures and the assessment of existing structures. Flood hazard and risk maps are prepared for various basins
considering various return periods. The manual for preparing a provincial risk reduction plan (AFAD, 2020)
requires considering at least two scenarios for a considered hazard (either earthquake or flood), one of which
is a worst-case scenario, and the other is a probable scenario.

2.2.2 Hazard model

As introduced in the §2.2.1, in the context of the scenario-based assessment the hazard can be calculated
adopting as input a specific event in terms of: shakeMap or magnitude and hypocentral location for the seismic
analysis; flooded area, water depth or velocity for the flood analysis.

- Is it possible to adopt a scenario-based simulation for both hazards and for all countries? Is a
procedure for determining earthquake and/or flood event scenarios already defined in each
country? Which intensity measures are available? On what data is it based?

Austria As already described in the previous chapters, flood hazard maps and flood risk maps are created based
on hydrological and two-dimensional hydraulic models with the inclusion of historical event data. The flood
scenarios 30, 100 and 300-year return periods are taken into account throughout Austria. For individual
catchment areas, there are more detailed analyses in which the jamming of lateral structures or overload cases
are also considered in the simulations. There is no method that supports the simulation of scenarios for both
hazards.
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Italy. As mentioned above, the scenario-based approach is not present at the normative/institutional level, so
even for the hazard part there is no unambiguous procedure at the national level. Rather, there are several
procedures in the literature for both the flood and seismic parts.

CIMA, for example, has its methodology for the flood scenarios generation, that allows simulating all possible
events that can affect different areas of the region with different intensities. The methodology that CIMA uses
for the events generation relies on a multivariate statistical approach that takes in input the selected events and,
by preserving their spatial correlation. It can simulate events not yet observed both in terms of intensities as
well as geographical distribution. The approach used for the events generation covers all the possible range of
intensities and spatial dependencies and assures that: the spatial correlation of small- and large-scale events is
preserved in the simulated event set; the statistical properties of the observed and historical events at each
location is preserved in the simulated event set. The scenario generation process consists of two components:
the first one is the historical event definition and selection, and the second one is the probabilistic events
generation.

Several tools developed by research organizations can be used to develop event-based scenarios for the Italian
earthquake. For example, Eucentre has developed and made available to the National Civil Protection
Department tools able of developing damage scenarios for events that can be characterized by: 1) Magnitude
and epicenter location; 2) shakemaps. In the case of events characterized by Magnitude and epicenter, both
events that actually happened in the past and simulated events can be considered. On the other hand, in the
case of event characterized by shakemap, only past events for which instrumental records are known can be
simulated. The platforms developed by Eucentre accept as input both shakemaps produced by INGV (National
Institute of Geophysics and Volcanology, which is the national reference body for the production of seismic
shaking maps) and shakemaps in different formats such as those developed with the spectral element code
SPEED (https://speed.mox.polimi.it/), recently developed at the Politecnico di Milano. At the international
level, mention can be made of the OpenQuake computational code that allows for event-based scenarios
considering also the convolution of different events through a logic tree.

Montenegro. 1t would not be possible to adopt a scenario-based simulation for flood hazards based on the data
from Municipal Flood Protection and Rescue plans. However, an ongoing project in Montenegro, ‘Support to
the Implementation and Monitoring of Water Management in Montenegro’, aimed to help with the
transposition of the requirements of the four EU water directives into domestic legislation (the Floods
Directive, among others). As a part of this project, hydraulic models were developed for areas of potential
significant flood risk to develop flood hazard maps. This means that the flood extents are available for three
different return periods (10, 100 and 500-year flood) for chosen APSFRs. In the context of seismic risk
management within the municipal protection and rescue plans, the adoption of scenario-based simulations is
explicitly defined. Earthquake scenarios are developed by selecting potential seismic events that are most likely
to occur, focusing on those with a maximum magnitude that has a 70% probability of occurring within 100
years. In addition to magnitude, empirical relationships specific to the Montenegro region are utilized to
convert magnitude into horizontal ground acceleration at bedrock. For the practical application of shake maps
and the derivation of scenarios from them, peak ground accelerations for return periods of 95 and 475 years
can be employed, as specified in the national annex of the Eurocode 8 provisions.

Slovenia. There is no available procedure in Slovenia to support such simulation for both (seismic and flood)
hazards. The preparation of flood hazard maps and flood risk maps is based on hydrological-hydraulic
modelling. The development of these models requires different flood scenarios, which are defined by the return
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period of the flood. In Slovenia, 10-, 100- and 500-year flood return periods are considered for the flood
scenarios.

Turkey. As mentioned in the previous question, the manual for preparing a provincial risk reduction plan
(AFAD, 2020) requires considering at least two scenarios for a considered hazard (either earthquake or flood),
one of which is a worst-case scenario, and the other is a probable scenario.

For seismic hazard, it is suggested to use the platform Rapid Earthquake Damage and Loss Estimation System
(AFAD-RED), which was developed for generating earthquake scenarios and estimating consequences. Since
AFAD-RED is compatible with the Disaster Management and Decision Support System (AYDES) developed
for maintaining efficient use of resources in case of disaster and emergency, the results can be easily transferred
to AYDES.

The manual for preparing a provincial risk reduction plan (AFAD, 2020) requires preparing scenarios
considering faults that are close to the province, have produced earthquakes in the past and can produce
earthquakes affecting the province in the future. Probable and worst-case scenarios should not be generated
for the same location and fault segment. If the worst-case scenario is created at one point, the probable scenario
should be created at a different point.

Earthquake source parameters, earthquake catalogues and mathematical models can be used to determine
seismic hazard. Earthquake source parameters, i.e. active faults, are the primary data since they show where
earthquakes are likely to occur. Earthquake catalogues are the sources used to determine possible future events.
Detailed paleo-seismological studies can also be used to determine the frequency and timing of earthquakes.
AFAD-RED uses the following data as defined within itself. If desired, the following data may need to be
detailed for more detailed analysis.

- Geological characteristics (geological structure, active faults, drilling information)
- Geophysical characteristics (seismicity, amplification, earthquake wave speed)

- Topographical characteristics (elevation, slope)

- Soil characteristics (microzonation studies etc.)

The General Directorate of Water Management produces flood hazard and risk maps and flood management
plans for 25 basins across Turkey. The manual for preparing a provincial risk reduction plan (AFAD, 2020)
suggests considering, first, the studies produced by the General Directorate of Water Management about the
basin where the province is located. In these studies, the flood hazards that may affect the rivers in the province
are mapped by taking into account the floods that may occur very rarely (500 years), floods that may occur
moderately frequently (with a probability of less than 100 years), floods that may occur with a very high
probability (50 years). In basins where studies have not been completed, if these studies have not been
produced for the province, official records of past flood events are accessed and the information on what kind
of damages have occurred in which areas is tried to be shown in both tables and maps. Scenarios are prepared
for the province by taking into account the past floods and their effects and hazard and risk maps.

- Ifitis not present, do we try to define a specific procedure in the BORIS2 framework?

The WP4 Harmonized Framework for urban multi-risk assessment of BORIS?2 is outlining the methodology
of analysis, where a scenario-based approach is expected to be adopted. Since it seems particularly suitable for
risk assessment to support emergency management for events corresponding to different return periods, which
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may occur in different parts of the urban environment, the subject of this project, putting different
neighborhoods and/or certain areas of the city in crisis. This approach is also more consistent with the real-
time event simulations that the platform is undertaking to include and/or develop during the project.

- For the seismic risk, it is consolidated the adoption of events corresponding to a return period of
475 years, might it be necessary to add events corresponding to different return periods? And
for the flood risk, events equal to 100-year return period are adopted, also for the flood it may
be necessary to introduce assessments corresponding to other return periods?

In this context, it is important to underline the role that the different return periods can have in emergency
management, which can be reflected and summarized in two aspects:

- the first issue concerns the variable size (with different components in number) that the emergency system
might have depending on the magnitude of the event;

- the second issue concerns the different consequences that may exist with very different return period
events, which may imply different components of the system even with respect to type. In fact, as also
emphasized in the intervention model for seismic risk in the Gorizia civil protection plan, it is necessary
to consider the scenarios resulting from different return periods, starting with low-magnitude events that,
while harmless for buildings constructed “in the proper manner”, can still raise alarm and, in particular
situations, panic in the population. On this topic, it is also important to consider that we should introduce
appropriate consequence functions, for the seismic part, that correlate structural or nonstructural damage
with new impacts to be assessed or otherwise define appropriate thresholds for the flood part.

For these reasons, which make it possible to study the evolution of the emergency system as a function of
event intensity and type of impacts, it is interesting to adopt different event scenarios representing different
return period.

- Is it consistent to use the above proposed return periods for hazard-specific risk assessments, to
be applied, however, for multi-hazard assessments?

One of the main problems that arises for the application of a multi-hazard assessment is the comparability of
the different components of the risk analysis. In the context of the hazard, floods are typically more frequent
than earthquakes, that means the former are characterized by very short return periods while the second by
long or very long return periods. Thus, the harmonization of this component is crucial to allow for their
comparison.

In BORIS, it was not necessary to introduce this comparison because a multi-risk assessment of economic
impact had been conducted, independent of individual return periods, using the EAL (Expected Annual Loss),
also indicated as Average Annual Loss (AAL). It represents the average of the losses in one year and is
determined by combining the expected losses at each intensity level with the expected annual probability. In
BORIS, EAL value is adopted as global measure of risk for comparing and ranking risks in a given area.

In literature (Tocchi et al, 2024), for medium- and low-probability events, multi-risk evaluation are performed
considering seismic hazard information corresponding to a mean return period of 475 years and flood hazard
information with a mean return period between 100 and 200 years. As mentioned before, these periods are
already adopted for risk planning and the expected resulting impacts for floods and earthquake appear
comparable. Starting from this assumption, even for high probability events, thus for low return periods, a brief
literature review can be conduct and/or a brief sensitivity analysis to compare the impacts generated by
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different low return periods can be performed, to understand which return periods generate consistent impacts
between the two hazards.

This aspect will also be explored further in the definition of the WP4 methodology, as we need to understand
which events to study in relation to their frequency and the type of impacts they generate, both in single and
multi-hazard environments.

2.2.1 Exposure model

The exposure model suitable for risk assessments to support the emergency phase is defined by considering
the following aspects and it is based on the Table 2, identified in the conclusive chapters of the Deliverable
2.1.

- Do all countries confirm the availability of having the data present in the table? Which are the
sources of the data (private, public, ...)? Is it possible to collect the data in a shared folder? Or
is it possible to have a link from which to download them?

Austria. In Austria, there is the Data.gv.at portal, a central portal on which public administration data is made
available to everyone free of charge in an open, structured and machine-readable form. In particular:

- Population and building databases: Statistics Austria provides the “Adress-, Gebdude- und
Wohnungsregister Il (AGWR 1II)”, i.e. an address, buildings and dwellings register which combines the
address register (AWR) and the building and dwelling register (GWR 1I) in Austria. The dataset is divided
into a spatial dataset of address points and several content tables. For the pilot site of BORIS some parts
of the AGWR are available. The GWR 1II further provides some data on the construction period (if
available), the number of storeys and the number of underground storeys (Statistik Austria, 2022). The
Federal Office of Metrology and Surveying (BEV) of the Austrian Federal Ministry of Digital and
Economic Affairs provides the dataset on the building stock. The BEV's digital cadastral map (DKM) is
publicly available and is based on the analogue cadastral map (property database, coordinate database)
and is constantly being improved by comparison with aerial image information such as orthophotos and
other technical documents (site plans, as-built plans).

- Land use and infrastructure data are currently being collected by GSA, including transport networks,
utilities and communication systems, hospitals, dams and power plants, which can help identify critical
facilities and infrastructure that could be damaged in an earthquake.

- Economic and social data are currently being collected by GSA, including the local economy,
demographics and social vulnerability, which can provide insight into the potential economic and social
impacts of earthquakes in the study area.

For the Austrian case study, the following information is available Population by age group or gender from
2012 to 2024 for Styrian municipalities (territorial status 2020, as CSV File (not building by building)). There
is also the number of inhabitants by census district from 2021 in excel format (for Bad Radkersburg this is 13
census districts) and the digital cadastral map (DKM) is publicly available. There are layers about the locations
of nursing homes, hospitals, schools, emergency medical centers in Styria as Shapefile and KMZ File available
and information about buildings and dwellings by main residence in the Styrian municipalities 2011 and 2021
(territorial status 2020), from 2022 annually (CSV file). Dominant land use dedications (residential,
agriculture, forestry and grassland, industry and commerce, water, development-related uses) are available as
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shapefile and can be visualised by colour coding. Furthermore, CORINE land cover and Satellite data are
available for the pilot site.

Italy. For the Italian case study, the following data are available or, if they are not already available, the offices
to which to apply are listed.

- For the exposed population indicator, that is the number of inhabitants per municipality or census tracts
are obtained from Census 2011, (ISTAT), together with data on social vulnerability indicator as age,
education, race/ethnicity, .... The aggregated data (function of the age of construction, number of storeys
and constructive typology) at municipality level are already existing from BORIS, while census tract level
data are available for BORIS 2 for both the physical and social vulnerability characteristics;

- Floating population. Within this category we can consider students and workers, which we will
particularize in the definition of WP4. This information could be requested to regional or municipal
offices, for the specific case studies;

- Data on the number of buildings, dwellings, and relative surfaces, number of stories, age of construction
are obtained from Census 2011, (ISTAT). For what concern the occupancy, the information at census
tract level is only if the building is residential or nonresidential. In order to make this information more
detailed, land use maps available at regional or national level could be adopted;

- For the infrastructure, as the hospitals and health care, schools, public and strategic buildings, sports
facilities and green/protected areas used for civil protection purposes, are accessible from the regional
civil protection platform as illustrated in the §2.1, only in terms of localization. In Eucentre they have a
database of schools and hospitals that could be adopted for comparison and validation with those in the
regional platform, and possible subsequent integration;

- For what concern the fransportation network, the OpenStreetMap (called in the following OSM) layer
can be adopted or by asking for it directly from city and regional offices, including information on bridges
or underpasses that may be critical points for the flood analysis;

- The lifeline and cultural heritage may not be elements directly involved in the risk assessments supporting
the emergency planning we are preparing for BORIS2.

Montenegro. Some of the data listed in the mentioned Table may be found in specific Municipal Protection
and Rescue plans (the situation may differ from municipality to municipality). The available Municipal
Protection and Rescue plans (which are publicly available) may be uploaded in a shared folder. However,
these .pdf documents are only available in Montenegrin. The data are primarily not georeferenced (e.g., not
available in formats like shapefiles) but are instead presented in a reporting format.

Slovenia. The layer with the data on the location and density of permanent and temporary population is
obtained from the Ministry of the Interior and contains point data on the number of people who permanently
or temporarily reside at a given location. This data is not freely available due to GDPR restrictions.

Turkey. The data is accessible on the platforms Rapid Earthquake Damage and Loss Estimation System
(AFAD-RED), developed for generating earthquake scenarios and estimating consequences, and the Disaster
Management and Decision Support System (AYDES), developed for maintaining efficient use of resources in
case of disaster and emergency, however, the platforms are not available to the public. Some parts of the data
are available in provincial disaster risk reduction and disaster response plans.
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- In what format are these data? Table, raster, shape file, ... Which is the geometrical information,
spatial scale (building footprint, census sections, municipality, ...) or the resolution of them? Is
it sufficient for the urban scale evaluation?

Austria. As outlined in the chapter before the data is available as shapefiles or csv files depending on the
source and the type of information. The information on the number of potentially affected persons, i.e. those
with a main or secondary residence or workplace in the area, is presented on the risk map in a grid with a cell
size of 125 x 125 meters and with a color classification. Another map outlines the predominant use of the
flooded areas (e.g. predominantly residential, industrial and commercial, urban uses, agricultural, forestry and
grassland, water, transport areas). Risk maps identify the potentially affected protected assets (human,
environmental, cultural property and economy) in different hazard scenarios. To this end, potentially affected
persons and forms of land use within the modelled floodplains are presented. On this basis, it is possible to
estimate the possible consequences of a particular flood event. In addition, the map shows places where there
is a special need for action in the event of flooding (e.g. hospitals or sources of pollution). Extreme, rare flood
events can overflow protective structures or cause them to fail. In this case, a residual risk remains even in
areas with existing flood protection.

Italy. The data available, whether on the regional portal or European/Global products, are in different formats.
In general, all data are georeferenced, and correspond to different spatial scales, varying from the census
section (for characterization and identification of the residential built-up environment) to the single OSM
element, such as the building, street, ... These two levels of scales available, thus the census section and the
individual element, are suitable for the urban-scale assessments proper to the BORIS2 project, which are being
outlined in WP4.

Montenegro. The data mentioned in Municipal Protection and Rescue plans are only available in PDF format,
either as text or as a table. For example, tables containing data on the affected population may be regarded as
lists that include information about the number of residents in the affected household, the household owner,
the name of the settlement in which the household is located, etc. These tables do not include any coordinates,
so this data is not georeferenced.

Slovenia. The data are presented as points (.shp file) with the information on the number of people who
permanently or temporarily reside at a given location. This data is not freely available due to GDPR
restrictions. Data on buildings are available in different formats from the building cadaster and real estate
register of the Republic of Slovenia.

Turkey. In the manual for preparing a provincial risk reduction plan (AFAD, 2020), it is mentioned that the
data for a province is available as a shape file for each category (layer) on the platforms mentioned above, but
the platforms are not available to the public. Some parts of data are available in provincial disaster risk
reduction and disaster response plans, which are published as .pdf files.

- How are strategic buildings for rescue, coordination, shelter, ... defined for each country? Are
there data on areas/open spaces for shelter? What infrastructure is described by the data of
Table 2 (roads, networks, ...)?

Austria. The disaster management plan needs to list the facilities that are available for the preparation and
implementation of protective and emergency measures for disaster management. The number of these facilities
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to be listed depends on the hazard and disaster potential of the respective area of responsibility. As a minimum
requirement, the disaster management plan of a municipality must include a facility that can be quickly adapted
as temporary emergency accommodation in the course of evacuation measures. Further details may include
facilities and service providers in the areas of supply (drinking water, food and energy supply), disposal (waste,
sewage), health/social affairs (human medicine, veterinary medicine), economy (e.g. transport, construction
and funeral services), leisure/tourism, security (law enforcement, military, justice) and transport (road, rail,
water, air). Contact details and contact persons must be collected and listed for the facilities listed. In the
federal state GIS portals and open data platforms previously mentioned, various data/layers are available that
provide information on (critical) infrastructure. For example, shapefiles are available that provide the location
of educational institutions, hospitals and care facilities, as well as information on the address, homepage and
email address of the directorate.

Italy. As mentioned before, the municipal civil protection plan of the city of Gorizia, like all other
municipalities in the region, punctually identifies all strategic, coordination and relevant buildings as well as
all emergency areas as specified in Table 1. They are identified in geographic terms and for the emergency
areas also with a short descriptive text.

Montenegro. Municipal Protection and Rescue plans can include lists of accommodation facilities in case of
population evacuation from flooded areas or in case of earthquake event. If there is an open area anticipated
for forming shelter in the considered municipality the location of such area is stated. Plans can also include
data (in textual format or as a list depending on municipality) regarding endangered local and/or main roads.
Hospitals, schools, sports facilities and shelters are listed in plans.

Slovenia. The country introduces the concept of social infrastructure elements: firefighters, hospitals and
health centres, homes for the elderly, visually impaired and disabled, schools and educational institutions. Data
were obtained from the Slovenian Business Register and analysed based on the Standard Statistical
Classification of Economic Activities. Due to wide variety of different economic activities and their variable
vulnerability/exposure to floods, a set of the following exposure elements was suggested based on the
classification of the activities from the Slovenian Business Register: (a) Health and care services, (h)
Infrastructure, construction, trade, catering, and (i) Public administration.

The following types of facilities are defined as the infrastructure classes in Collective cadastre of economic
public infrastructure: railways, roads, water supply, sewerage, gas and electricity (subgroups). For the
infrastructure classes, data are obtained from the Register of economic public infrastructure with a short
description of the facility (classification by criteria). The data on the other strategic building important for
emergency management (shelters, gathering points) are available in the municipal emergency plans.

Turkey. A list of possible gathering zones/shelters for a province is given in its provincial disaster response
plan. General information about infrastructure for a province is available in its provincial risk reduction plan.

- What information is associated with these elements?

Austria. The information associated with the various elements about buildings in Austria can be very diverse.
Here is an overview of the possible information:

1. public databases and geographic information systems (GIS):

- Location and boundaries of properties: location, area dimensions, neighboring properties.
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- Development plans: Provisions on utilization, building heights, distance areas.
- Utilisation classes: Residential use, commercial use, agricultural land, etc.
- Historical data: Information on previous uses or conversions.
2. land register and cadastre:
- Owner information: Names, addresses and legal information about the owners.
- Encumbrances and restrictions: Mortgages, easements or other legal restrictions.
- Area information: Size of the land and the buildings on it.
3. building regulations and building authorities:
- Building permits: Approved building projects, building plans, requirements and conditions.
- Building history: Information on renovations, extensions or demolitions.

- Safety and environmental regulations: Information on required safety measures or environmental
impact assessments.

4. statistical offices:
- Demographic data: Population figures, age structure and household sizes.
- Housing statistics: Number of newly built or refurbished dwellings, vacancy rates.
- Socio-economic data: Income levels, education levels of residents.

Italy. As already introduced in the previous questions, we have geographic identification and geometric
characterization for all elements. But physical vulnerability characteristics are available to date only for
residential buildings when we work with them at the census section scale. For the building scale there must be
a data collection or downscaling process of information from the census section (or other type of product) to
the individual element. At the same time for the social vulnerability indicators available only at the census
section level.

Montenegro. The following attributes for healthcare institutions: organizational structure (primary, secondary,
and tertiary levels), services provided (e.g., emergency care, specialized treatments, immunizations), staffing
levels (medical and non-medical personnel), facility capacities (number of rooms, patient accommodation),
equipment availability (medical and non-medical), vehicle resources (ambulances and transport vehicles),
regional coverage, and supply reserves (medications, blood plasma, and essential materials). Moreover, for
sports facilities and shelters the areas are listed in square meters, capacities in number of people that can be in
accommodated in shelters, schools and touristic facilities are also reported. The plans include attributes of road
infrastructure such as the length of major and local road sections, the number and types of bridges categorized
by their length, and the number of tunnels on key routes. It also lists significant road segments, urban streets,
and important traffic nodes connecting the municipality to regional and international destinations. However,
the information is presented descriptively, without georeferencing or spatial representation (e.g., shapefiles or
maps), and serves only as a detailed inventory rather than a comprehensive geographic dataset.

Slovenia. As mentioned in the previous answer, the associated with vulnerable elements include basic data
(geographic identification and geometric characterization) of the elements which were classified as social
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infrastructure (firefighters, hospitals and health centers, homes for the elderly, visually impaired and disabled,
schools and educational institutions).

Turkey. As mentioned above, detailed data is available on the platforms that do not have public access. A
provincial disaster risk reduction plan provides brief information about the geographical and natural
characteristics, socio-demographic structure of the province, economic characteristics, transportation and
infrastructure networks, and urbanization and settlement structure of the province. A provincial disaster
response plan provides locations of gathering zones and contact information of responsible authorities and

service groups.

- Is it better to use a homogeneous layer among the countries or to adopt the layers available in
each country? For example, in Slovenia in the Platform POTROG, there is a layer for road
transportability assessment for 13 municipalities, accessible by the Civil Protection, might be
interesting to try to get it or is it still more useful to have a layer available on a European scale
to be applied equally in all countries?

The level of accuracy of the layers available at the country, regional, municipal and sub-municipal level should
be higher than those available at a larger scale such as, for example, European or global level, which is why
this type of data should be preferred. But by conducting a cross-border assessment that needs to be consistent
and homogeneous across countries, a careful analysis of the source data will be necessary to know similarities
and differences and possibly find methodologies to bridge the differences. If these differences are
irreconcilable or if some data were missing, at that point the data available at a less detailed scale will be used.

Table 2. Assets to be considered in the exposure model for RA as support of emergency management, from Deliverable 2.1

Elements for the exposure model and scale of adoption < |0 |EBE|¥ %
— — CER=)
Population
residential population v |v | v [V |V
floating population number v |V v | v
vulnerable population v
civil protection members treated separately v
Scale of available data for population and buildings used in RA
building by building v
sub-municipal (settlements, district) v 2R AR
Available residential buildings attributes at sub- municipality scale
number of buildings v | v vV |V
number of stories v | v vV |V
material v |V v |V
age of construction v | v v | v
number of dwellings v v | v |V |V
occupancy v |V
Infrastructure
only listed v v | v
listed with details on attributes v v
listed with details on capacities (hospital capacities, shelter capacities) v
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hospitals and health care
transportation network
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public and strategic buildings
cultural heritage
sports facilities
green/protected areas
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2.2.2  Vulnerability model

The risk assessment goes through the application of vulnerability and fragility methodology. From the analysis
of Deliverable 2.1, there are no specific models to use for the risk assessment in support of emergency
management. For this reason, BORIS models will be recalled with regard to the residential built environment,
but new ones will be introduced to analyze the specific response of the new exposed elements added to support
urban-scale emergency management.

These models should be consistent with the available information level of the exposure model and necessary
to analyze the system. The following considerations and questions may arise in this context.

- Which are the vulnerability characteristics (related to the physical and social dimension) of the
exposed elements (all or only partially) available?

Austria. As outlined in the previous chapters, there is data on residential buildings and location information
on infrastructure such as hospitals, schools, kindergartens, retirement homes and railway stations. Regarding
social vulnerability, there is no data set available to the public that provides information at building level. No
Austria-wide dataset currently exists that specifically addresses the social dimension of vulnerability to
disasters. Individual aspects such as age could be derived from general data sets. Some municipalities collect
information at household level using lists with the aim of being able to localise people with special needs more
effectively in the event of a disaster.

Italy. As introduced before, for the vulnerability characteristic of residential buildings (from ISTAT, 2011) we
have information related to: number of floors, structural typology, age of construction and type of occupancy
(residential and not-residential). For the other database identified, only geographic location is available to date,
except in specific cases such as Eucentre's schools and hospitals databases, which we have yet to define how
to use. In fact, for these latter, we know (non for all) number of floors, structural typology, age of construction
but not the amount of occupancy. For some schools we have more detailed information like horizontal structure
and roof type.

However, it is important to emphasize that a process of data collection at the individual building level or a
process of downscaling of the available information from larger-scale products to smaller-scale elements, as
the individual building, will have to be adopted to associate to each element the information that allows us to
describe its vulnerability, which will be detailed in the WP4. In fact, for example the elements of infrastructure
layer from the regional platform (hospital, schools, emergency areas, ...) and the OSM elements, both
buildings and roads, have no characterization other than geometric, thus the area or length of the road section,
or, usually for limited cases, they have a characterization in terms of occupancy.
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Montenegro. Vulnerability data is not usually defined in Municipal Flood Protection and Rescue plans. The
Municipal Earthquake Protection and Rescue plans utilize vulnerability curves for assessing physical damages
to residential buildings, derived from historical event of the 1979 earthquake. Additionally, seismic
vulnerability curves are available from ongoing and past studies, tailored to the characteristics of residential
buildings in Montenegro. These models primarily differentiate structures by construction material, number of
stories, load-bearing systems, and level of seismic design. Regarding the social dimension of vulnerability,
where analyzed, it is generally limited to expressing the number of individuals reliant on various forms of
social assistance but lack georeferenced data, providing information only at the municipal level. Local
vulnerability models for infrastructure objects are not available.

Slovenia. For the seismic risk, parameters of the existing vulnerability analyses and exposure data were
evaluated through several impact indicators (e.g. DolSek et al. (2020) and Babic et al. (2021), these consider
direct economic losses, fatalities, expected number of buildings in different damage states. For the flood risk,
the vulnerability considered in the methodology developed by IZVRS (2012, 2018) considered groups of
impact indicators and exposure elements.

Turkey. Seismic vulnerability analyses can be performed by using the platform AFAD-RED that estimates the
structural damage by utilizing fragility curves defined for four damage states: slight, moderate, extensive and
complete. Since the available building and population database used by the AFAD-RED contains only the
number of buildings and population in each neighborhood/village, spectral displacement and seismic intensity-
based fragility curves are utilized in the analyses (BORIS, 2021). More detailed analyses can be carried out by
the municipalities. For example, within the scope of the Istanbul Province Possible Earthquake Loss Estimates
Updating Project conducted by Istanbul Metropolitan Municipality, detailed structure and infrastructure
database were compiled and analyses were carried out by using the software ELER (Cakti et al., 2019). The
flood vulnerability is evaluated by analyzing the potential negative impacts of flood based on freely available
spatial databases of people, environment, cultural heritage and economic activities (BORIS, 2021).

- The summary table on vulnerability of Deliverable 2.1 shows that the most widely adopted model
for building assessment is a model based on EMS98 both in terms of damage levels and
vulnerability class. Are available country specific vulnerability model? Is it possible to apply the
vulnerability/fragility models proposed in BORIS? If yes for which components?

Austria. Until now there is no seismic vulnerability model for Austria. For floods (dynamic flooding in
mountain areas), there are scientific approaches for a vulnerability index based on building characteristics
(indicators) and not on empirical data; this can be an alternative approach to a comprehensive assessment of
the physical vulnerability of the building stock (Papathoma-Kohle, M., Schlogl, M. & Fuchs, S. Vulnerability
indicators for natural hazards: an innovative selection and weighting approach. Sci Rep 9, 15026 (2019).
https://doi.org/10.1038/s41598-019-50257-2)

Italy. The models based on the EMS98 scale, are generally the ones adopted for the assessment of seismic
vulnerability and/or fragility. While for the assessment of flood vulnerability we do not go through damage
scales, except in rare cases as reported in Schwarz and Maiwald (2012). In the seismic context, the Italian Civil
Protection Department adopted the EMS98 model. The model proposed in BORIS for the Italian municipalities
in the Italy-Slovenia border was derived from the Italian model but modified in order to take into account the
specific characteristics of the buildings in that geographic area. That model can be applied also in BORIS2,
but this will be detailed more in the definition of the methodology in WP4.
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Montenegro. The country specific seismic vulnerability model for residential buildings is available for
Montenegro, from ongoing and past studies. These models are also based on EMS98 for damage levels and
easily related to vulnerability classes defined to EMS98. Also, vulnerability model proposed in BORIS is
applicable for Montenegro and it was demonstrated in testing the exportability of the methodology proposed
in BORIS (presented in deliverable D5.2).

Slovenia. Existing seismic vulnerability analyses and exposure data include 20 building typologies, continuous
fragility curves and stochastically defined fragility curves for each building typology. From the presented
vulnerability model and exposure data, several impact indicators were already estimated in DolSek et al. (2020)
and Babic et al. (2021), i.e. direct economic losses, fatalities, expected number of buildings in different damage
states. The flood vulnerability model was proposed and tested at several case studies (APSFR), it has not been
implemented nationwide.

Turkey. As mentioned above, the platform AFAD-RED estimates the structural damage by utilizing fragility
curves defined for four damage states: slight, moderate, extensive and complete.

- While specific models are proposed for the analysis of infrastructure. What types of models are
they, complex or simplified models? Are they models that are not created for emergency
purposes but could still be adopted?

Austria. There are not any specific models proposed for the analysis of infrastructure for flood and seismic
risk analysis.

Italy. In the documents analyzed on the topic of risk assessment in support of emergency management, there
are no specific vulnerability models adopted for the infrastructure part listed in Table 2. For example, in the
emergency plan of Gorizia, which was analyzed to know the specific data available, there is no mention of
vulnerability models in general for both buildings and the infrastructures. It is noted, however, that as part of
the LCE procedure, particularly for its assessment, proposed in Dolce et al. 2018, the response of an asset for
emergency management is described by adopting both models describing its physical vulnerability and models
describing its operability. In particular, they propose: i) a vulnerability models based on damage probability
matrices conditioned upon macroseismic intensity; ii) a model for the evaluation of an operational efficiency
index, that express the probability to keep their operability under the considered earthquake. It is based on a
quality-coefficient that measures the capacity of the element to perform effectively its function in an
undamaged state, depending on its physical features. In this context, a specific model is being formulated for
infrastructural connectivity, whose calculation relies on the probabilistic analysis of the road network (Dolce
et al., 2018).

These models proposed in Dolce et al. 2018 allow to introduce a new element, in risk assessments supporting
emergency management, regarding the description of an asset's response to hazard no longer only with the
physical vulnerability component of the system but also introducing an operability component, a key feature
for the emergency management part.

Montenegro. There are not any specific models proposed for the analysis of infrastructure for flood risk
analysis. Seismic risk analysis for infrastructure objects in Montenegro primarily relies on models from
literature cited in the BORIS2 project document D2.1. Local vulnerability models have not been developed.
Additionally, not all municipalities utilize these literature-based models, specifically those incorporated into
the Earthquake Protection and Recue Plan for the BORIS2 Montenegro pilot area.
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Slovenia. For the flood risk and damage analyis, the KRPAN model has been developed, which includes data
from the Collective cadastre of economic public infrastructure. The model considers FEMA and others, more
specific flood depth-damage curves.

Turkey. In the context of seismic risk analysis for infrastructure, the platform AFAD-RED produces outputs
on the estimated serviceability of transportation systems and lifelines.

2.2.3 Consequence model and indicators

Once a fragility and vulnerability assessment are performed, its outcome can be used for the last step of a risk
evaluation introducing the consequence or loss models. The traditional consequences can be in terms of
expected economic losses, affected population and functionality of buildings, structures and infrastructures.
BORIS?2 evaluation should also introduce specific impact indicators for the emergency response. Some of the
impact indicators that can be involved in the BORIS2 methodology are already introduced in Table 3 of the

Deliverable 2.1.

Table 3. Impact indicators/Decision Variables to adopt in the risk assessment for emergency management, from Deliverable 2.1

- < |0 | EB|¥ |

) Z

Description |2 = E g

On people:

number of death and injured v | v v |V

displaced (homeless) people v | v 4
lack of fulfilment of basic needs v
v

people that need to be evacuated
trapped by collapsed buildings

Affected or not affected

<
<
<
<
ANINEN

Economic losses

Impact on buildings:

collapsed v |V v v
unusable v |V v |V
damaged v |V v |V
volume of debris v
Infrastructure

damage grade v v
functionality of roads (floods also for MNE) v’ v’
functionality of hospitals v v

v’

functionality of strategic buildings

- What impacts are adopted in risk analyses to support emergency planning? Traditional ones
(economic, people-injured and casualties, ...) and new ones (volume of debris). Which are your
criteria to determine them?

Austria. The flood risk maps by the Federal Ministry for Agriculture, Forestry, Regions and Water
Management identify the potentially affected protected assets (human, environmental, cultural property and
economy) in different hazard scenarios. To this end, potentially affected persons and properties (defined by
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the types of use) within the modelled floodplains are presented. On this basis, it is possible to estimate the
possible consequences of a particular flood event. In addition, the map highlights locations with a special need
for action during a flooding (e.g. hospitals or sources of pollution). The risk map uses 5 classes (none, low,
moderate, high, very high) to show the number of people potentially affected by flooding per municipality.
The detailed impact map shows the number of potentially affected persons per 125x125 meter cell in the
following levels (1-25, 26-50, 51-75, 76-100, > 100). The maps are available to all authorities and the public.
A standardised national damage and incident database (CESARE) is currently being created for Austria in
line with the requirements of the United Nations and the European Union as well as the national requirements
for dealing with the impacts of disasters. The demonstrator currently contains data sets for Styria on
documented catastrophic damages to private property, state property, number of people affected
(deaths/injured/evacuees) caused by flood, heavy rain, storm and mass movements.

The general procedures and methods for risk analysis in Austria-wide disaster management are based on the
European Commission's Risk Assessment and Mapping Guidelines for Disaster Management and the ISO
31000 standard. The risk management process comprises the following process steps

- Establishing the context,
- risk identification,

- risk analysis,

- risk evaluation and

- risk treatment.

Austria follows the scenario-based approach proposed in the European Commission's guidelines. The
complexity of the disaster risk is reduced to individual reference scenarios. These risk scenarios are used to
identify and analyse risks. A risk scenario is understood as a representative representation of a risk that
describes how a type of hazard can develop into an actual damaging event.

Italy. As introduced, generically the consequences of an event on a given territory are assessed from the
perspective of economic loss, lives affected, and buildings or infrastructure elements damaged. By introducing
the purpose of the emergency management, the economic part assumes less interest, while the part related to
the damage of the elements, that limits the operation of an efficient emergency system, prevails, together with
the part of the affected population, since people need to receive assistant first. For this reason, a potential list
of traditional seismic consequences or impact metrics, includes: number of displaced, number of injured,
number of fatalities, total affected population, number of unusable buildings (both short- and long-term),
building with different level of damage. For what concern the flood, the impact indicators are represented by:
total affected population, extent of flooded areas, the number of flooded buildings. These consequences
represent the typical outputs of large-scale risk assessments. For seismic risk assessment of the built
environment, the consequence functions adopted in BORIS Project and in Dolce et al. (2021) for Italy's
National Risk Assessment can be applied. These functions calculate consequences based on building damage
levels. Regarding flood risk, the most relevant consequence is typically the affected population specifically,
the number of residents within the flooded area. Additional metrics and relative consequences function to
determine them, found in Table 3, that might be of particular interest for emergency management, will be
further explored with appropriate literature review in defining the methodology in WP4.

Montenegro. Municipal Flood Protection and Rescue plans include data regarding the affected population—a
tabular overview that includes the number of people in households located in flood-prone areas.
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In Municipal Earthquake Protection and Rescue plans traditional impacts indicators such as economic losses,
injured people and casualties are adopted. In addition, number of people trapped by collapsed building (taken
from the literature) are also used in some plans. Moreover, in several municipal plans damage grade for
infrastructural object is in use.

Slovenia. Slovenia: The damage potential is estimated based on the elements of the space determined as human
health, environment, economy and cultural heritage. Damage potential maps show the potential damage with
values 1 to 10 assigned to individual 75 x 75 m cells.

Turkey. The platform AFAD-RED provides an estimate of structural damage (light, medium, heavy and
collapsed), number of patients requiring outpatient treatment, number of lightly injured, number of seriously
injured, number of casualties, and number of people who may need temporary shelter under a scenario
earthquake. It also produces outputs on the estimated serviceability of critical facilities (schools, hospitals,
police, fire brigade and public administration buildings), transportation systems (railways, highways, roads,
bridges, crossings and viaducts) and transmission lines (o0il, water and natural gas distribution lines). In flood
risk analyses, population affected by the flood, damage caused by the flood to the buildings and their contents,
and affected strategic structures and infrastructure are considered.

2.3 BORIS methodology and material available and useful for the development of BORIS2 activities

The last activity of BORIS was the pilot application of the methodology for harmonized assessment of seismic
and flood risk within a multi-risk framework for transboundary regions, for which the necessary data were
established and concretely collected. Two cross-border pilot regions were analyzed in more detail — one
between Italy and Slovenia and the second between Austria and Slovenia.

In particular, the identification and harmonization of hazard information in the given pilot regions was the
basis for the evaluation of hazard models for the selected risks, while no hazard interactions were considered
for the following multi-layered single risk analysis. After the hazard analysis, the vulnerability and exposure
assessment, focusing on people and residential buildings, led to the calculation of losses through consequence
functions. For both risks and pilot applications, a time-based risk assessment was performed and the time
frames of 1 year and 50 years were considered.

A description of the necessary data adopted is briefly given differently for seismic and flood hazards, also
because in BORIS2 there will be a new case study located in Montenegro, so it is required to collect this data
as well, which is considered a kind of common starting data for the different countries.

For deeper insights also consider both BORIS (2022a) Deliverable 4.1: Guidelines for cross-border risk
assessment: Shared framework for single and multi-risk assessment at cross-border sites and BORIS (2022b)
Deliverable 5.1: Seismic risk, flood risk and multi-risk assessment at pilot cross-border sites.

2.3.1 Assets at risk - building stock and population

The description of the exposure model adopted in BORIS is differentiated according to the countries.

In ltaly, exposure data on buildings and population were provided by ISTAT (National Institute of Statistics).
The last census database (ISTAT 2011) includes buildings’ information on number of dwellings, surface area,
construction material (masonry, reinforced concrete or other), number of storeys (1, 2, 3, 4 or more) and
construction period (>1919, 1919-1945, 1946-1960, 1961-1970, 1971-1980, 1981-1990, 1991-2000, 2001-
2005, >2005). This information was available at municipality scale.
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For the exposure component of flood analysis, the procedure for the definition of the harmonized spatial scale
and exposure model consists of: the integration of information on built-up area and population at global level,
additional data available at local scale and downscaling methodology to implement the global information on
the building footprints from OpenStreetMap. At the end of this process each building is also associated with:
a weight related to the building use “residential” and “not-residential” that derives from the GHS-BUILT-S
R2022A - GHS built-up surface grid (Pesaresi and Politis, 2022); a weight related to the number of storeys
and the residential population. These two latter derive from the Census, at Municipalities level.

It should also be pointed out that the replacement cost, which is an important exposure parameter, was assumed
constant for all municipalities on a given side of the border. For the Slovenian municipalities, this parameter
was set to 1250 €/m2 (Dolsek et al.,, 2020). However, for the Austrian and Italian municipalities, the
replacement cost was set to 1350 €/m2, which is the value determined for Italy (Dolce et al., 2021).

On the Slovenian side, the exposure data about buildings (publicly available) and population (not publicly
available) was obtained from the Real Estate Register (REN) and the Central Population Register (CRP). The
information of the buildings was the construction material, number of dwellings in individual type of the
building, area of the buildings in m% period of construction, number of storeys according to the construction
material, and period of construction according to the construction material. The spatial scale was at building-
level. For flood risk evaluation, the definition of the exposure model followed the same procedure as described
for the Italian part.

For the Austrian Pilot Region, the building data to define the exposure to seismic risk has been collected with
different methods. Firstly, available data on residential buildings were collected from the AGWR (Building
and Housing Register of Statistics Austria). In addition to them, expert interviews were conducted based on
the Cartis method (Zuccaro et al. 2015), whose results were then compared with the ESRM20 exposure model
(GEM data set). Based on these different data sets, the distribution of the materials of the building stock within
the pilot region was evaluated and provided the basis to establish distribution rules. All buildings without a
material classification were then assigned to a material type (masonry, reinforced concrete or other). The
distribution rules used enable the division according to building period and height. To determine the
vulnerability, the data set was again processed to allow all buildings to be assigned to either the masonry or
reinforced concrete. This “new” estimated data set was then used during the pilot application of the BORIS
study for the further calculations and the platform. In the case of Austrian municipalities, data were further
processed to obtain the number of residents and total floor area at the level of a building class, as such data
were not available in the raw database. This was done based on the Slovenian and Italian data, which contain
the number of residents and the total floor area for each building class separately.

For the flood risk assessment, the building footprint of residential building, was needed, which was available
from the Federal state of Styria including the building height, translated into number of floors, assuming the
average floor height of 3 meters. The statistical information on population and occupancy have been
downscaled from Statistik Austria, and they were available for smaller administrative units (NUTS 3, political
districts, municipalities).

In Montenegro, data on residential buildings are managed by the National Statistics Institute of Montenegro
(MONSTAT), covering dwellings with publicly available information on the year of construction and net floor
area at the municipal scale. Additional information on buildings, which are not publicly available, includes
georeferenced data with details such as the area of the building footprints, number of floors, type of usage,
number of dwellings, area of dwellings, and number of residents per building. These details can be obtained
upon request. It is important to note that this set of georeferenced data does not include the year of construction
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of buildings. Furthermore, none of the available datasets, whether public or restricted, contain information on
building material or load-bearing structure.

In the absence of publicly accessible data and lack of necessary details for risk assessment, the exposure model
from the European Seismic Risk Model (ESRM20) can be utilized. This model, based on Census data from
2011 and expert judgment, classifies buildings based on material type (reinforced concrete or masonry),
number of floors (1-2, 3-5, >=6), and year of construction (before 1964, between 1964 and 1981, after 1981).
For the exposure component regarding the flood analysis in Montenegro, there is an available layer (.shp file)
with building footprints located in identified Areas of Potential Significant Flood Risk (obtained by request
from Water Administration of Montenegro, but not publicly available). However, the polygons in this shapefile
do not contain attributes with information regarding the function of these buildings (whether they are
residential, or perhaps municipality buildings, schools, hospitals, etc.). Also, they do not contain the
information regarding the presence of basement, or the number of dwellings or people that live in each
building. However, school locations in municipalities are available through the Ministry of education website
(for example, in Berane municipality https://www.skolskamreza.edu.me/berane/).

The available data regarding the population is the census data (available as a table in Excel format, not
georeferenced) and represents the total number of people that live in different settlements in Montenegro (scale
smaller than municipality level).

2.3.2 Hazard and vulnerability modelling choices for seismic assessment

Concerning seismic hazard, the 2020 Euro-Mediterranean Seismic Hazard Model (ESHM2020), was adopted
(Weatheril et al., 2020). The PGA values at geographic points corresponding to the barycenter of each
municipality of the pilot are reported for six return periods (Tr=50, 101, 476, 976, 2500 and 5000), as derived
from the ESHM2020 model. Because the ESHM2020 model provides seismic hazard for rock-equivalent
outcrop motion, the effects of local soil and other effects on ground motion intensity are taken into account by
supplement models. In particular, the local maps with Vs30 values are used to account for the soil effects on
the cross-border area analyzed. Based on the Vs30 values, the amplification factors are determined by
considering the guidelines from the draft version of the new EC8 (CEN, 2022).

For each building typology the fragility curves are built adopting a harmonized vulnerability model for cross-
border risk assessment based on existing vulnerability models, as detailed in BORIS (2022a). Briefly, it
requires the definition of a common building classifications for countries involved in the cross-border risk
assessment, harmonization of damage scales used by these countries, selection of intensity measure (IM) based
on which the propensity of buildings to suffer damage is to be defined and harmonization of the available
vulnerability models developed for both sites of the border in the cross-border area by using a heuristic
approach, where a linear combination of both vulnerability models is defined for each site. The fragility curves
that were initially developed for the Slovenian territory (Dolsek et al., 2020) were applied to both Slovenian
and Austrian municipalities.

Concerning risk-impact indicators, they are calculated adopting the consequence functions harmonized in
BORIS and described in detail in BORIS (2022a). In particular, the direct economic losses, (total losses in
Euro and Euro/m?), the injured and victims, displaced people and unusable buildings in the short and long term
are calculated.

For the vulnerability model applicable at the Montenegro pilot site, there are two options: the first is the model
used in the national risk assessment and demonstrated in the transferability of methodology developed in the
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BORIS project Deliverable D5.2 (BORIS 2022c¢). This model, based on expert judgment, categorizes buildings
into vulnerability classes ranging from A to D and correlates them with EMS-98 intensity or Peak Ground
Acceleration (PGA). The second option is derived from the ongoing EXPLORA project
(https://www.mnequake.info/#explora , which utilizes a heuristic approach. This model incorporates historical
data with vulnerability assessments for building typologies that are prevalent in Montenegro and documented
in existing literature.

2.3.3 Hazard and vulnerability modelling choices for flood assessment

For the cross-border flood risk assessment, the first activity was to obtain homogeneous hazard maps (for the
same return periods). The Flood hazard maps available for the EU Floods Directive are easily available only
as maps representing the flooded area for assigned return period. They have been associated with the flood
water depth, through the FWDET algorithm able to associate to the flood extension (in input) the flood water
depth by considering the level reached by the water when covering the input extension, adopting the DTM
available from each country. In order to obtain the same probability of occurrence (in the two sides of the
cross-border areas) and to increase the number of flood hazard maps available (for better estimating to flood
hazard), we used an ad hoc algorithm that “interpolate” flood hazard maps between two different return
periods, starting from specific curves that associate a specific flood volume to a specific return period. For this
region we produced flood hazard maps (water depth and extension) for T ranging from 30 to 300 years.

For the vulnerability component, the library selected for describing the relationship between the state variables
describing the forcing affecting a specific asset in case of flood event and the damage suffered is the HAZUS
(FEMA, 2009). They are function of occupancy and number of floors, and they are provided separately for
structure and for content.

With the introduction of the curves, the expected damage ratio was evaluated. The product among the damage
ratio [%], the replacement cost [€/m?] (adopted the same for the seismic analysis), the area of the footprint [m?]
and the number of storeys allows to evaluate the economic losses. The number of people potentially affected
was determined considering a water depth greater than 20 cm.

When it comes to flood hazard modelling in Montenegro, before the construction of flood hazard and risk
maps (within the project ‘Support to the Implementation and Monitoring of Water Management in
Montenegro’), the Ministry of Agriculture and Rural Development adopted an official ‘Rulebook on the
detailed content of the preliminary flood risk assessment and the flood risk management plan’. This rulebook
prescribes the detailed content of the preliminary flood risk assessment, the content and methodology for
preparing flood hazard maps and flood risk maps, the content of the flood risk management plan, and the
procedure for its updating and implementation. According to this rulebook, the flood hazard and flood risk
maps need to be developed for floods of low probability (return period 500 years), floods of medium
probability (return period 100 years) and floods of high probability (return period 10 years).

In order to comply with the mentioned Rulebook, three scenarios for each Area of Potential Signicant Flood
Risk were developed, for floods with 10, 100 and 500 year return period. This means that there are available
layers (.shp files) with flood extents for these return periods.

When it comes to modelling vulnerability, Montenegro does not have specific vulnerability model or fragility
curves, which means that it would only be possible to utilize some of the existing vulnerability models applied
in other countries.
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3 NEEDS ASSESSMENTS

Based on the analysis of the data and approaches outlined in Chapter 2 regarding risk assessments for
emergency management, this section highlights the key needs to be addressed to fulfill the objectives of the
BORI2 project. These needs aim to bridge gaps and inconsistencies across various risks and countries.

In particular, for each component of the risk assessment process - analysis type, hazard, exposure, and
vulnerability - within the context of emergency management, the following needs have been identified.

For what concern the analysis type, it is important to consider different approaches for risk assessment, such
as time-based analysis (linked to a specific observation window) and return period-based or scenario-based
analysis (focused on events with a defined return period). The time-based approach, used in BORIS (2022b),
could be reapplied to compare results with those of the current project, particularly in the context of changes
like the urban-scale sub-municipal exposure model in BORIS2, ensuring continuity between projects. While
return period-based analysis remains widely used for risk assessments and emergency management, an event-
based approach is seen as more consistent for evaluating stressed systems relative to the magnitude of actual
events. Return period-based methods may overestimate impacts and complicate the evaluation of civil
protection measures. However, building codes still rely on return period-based approaches for assessing
existing structures and designing new ones. Although scenario-based risk assessment is gaining traction in
academic and insurance fields, it has yet to be formally adopted in regulations. Nevertheless, the WP4 aimed
to the definition of the Harmonized Framework for urban multi-risk assessment of BORIS2 is moving toward
the scenario-based approach. Since it seems particularly suitable for risk assessment to support emergency
management for events corresponding to different return periods, which may occur in different parts of the
urban environment, the subject of this project, putting different neighborhoods and/or certain areas of the city
in crisis. The scenario based approach is aligned with two elements: i) real-time event simulations that the
platform plans to develop; ii) the simulation of the historical events, that can be adopted for calibration and
validation.

In the coming months, a unified procedure for implementing this approach will need to be defined, addressing
the components of risk evaluation: hazard, exposure, and vulnerability.

The choice of this type of analysis also influences the definition of the hazard model of reference, for which a
shared procedure for generating scenarios at the municipal scale, considering the individual city or both cities
in the cross-border area, should be defined, building on the experience of each partner. At the same time for
initial analysis following a time-based approach the model already developed in BORIS will be adopted. In
the context of the hazard analysis a second need to investigate is the role of different return periods in the
single and multi-hazard environment, since it is crucial to highlight the role that different return periods can
play in emergency management. They can be summarized in two key aspects: 1) The first pertains to the
variable scale (with differing components in number) that the emergency system may require depending on
the magnitude of the event; the second relates to the varying consequences associated with events of differing
return periods, which may necessitate distinct system components, even in terms of type. For these two reasons,
related to the evolution of the emergency system depending on the intensity of the event and the type of impact,
it is interesting to adopt different event scenarios representing different return periods. The last need is to
understand which return periods adopt for multi-hazard assessments to have comparable results for the seismic
and flood evaluations. Floods typically occur more frequently than earthquakes, meaning they are associated
with much shorter return periods, whereas earthquakes are characterized by long or very long return periods.
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Therefore, harmonizing this component is essential to enable meaningful comparisons between them. In
literature (Tocchi et al, 2024), for medium- and low-probability events, multi-risk evaluation are performed
considering seismic hazard information corresponding to a mean return period of 475 years and flood hazard
information with a mean return period between 100 and 200 years. But, this issue will be surely crucial in
defining the methodology of WP4, going to combine for each hazard frequency and relative impact to have a
coherent evaluation.

In the context of the exposure model, BORIS2 introduces two key elements: first, the adoption of a sub-
municipal scale of analysis; and second, an expansion of the exposure model originally defined in BORIS,
based on residential buildings and population. This expansion encompasses facilities supporting emergency
management, and a characterization of the population that incorporates aspects of social vulnerability.
Regarding the first element, it will be necessary to identify a minimum territorial unit to represent the
consequences for BORIS2 risk assessments. This unit must be applicable across countries and could draw
inspiration from frameworks such as the Italian census tract or the Austrian grid. A preliminary proposal (to
be further discussed) is to adopt square grid cells with respect to which report the exposure data, then the
results of the analyses should be reported with reference to this minimum territorial unit.

Regarding the vulnerability and fragility models, there are no specific models available for conducting risk
assessments tailored to emergency management. Therefore, BORIS models will be recalled for assessing the
residential built environment, while new models, based on literature, may be introduced to evaluate the
response of additional exposed elements relevant to urban-scale emergency management. In the context of the
analysis of the asset’s response, from the LCE evaluation (Dolce et al. 2018), the evaluation of the operability
of a building and infrastructure also acquires importance, which is why it will be necessary in the methodology
developed in WP4, to introduce appropriate models in this field. The vulnerability/fragility and operability
models should be consistent with the available information level of the exposure model. For this reason, it may
be necessary to introduce new data in the exposure characterization. These can be obtained either from a
process of downscaling information from larger-scale products or through both remote or in situ information
collection.

After completing a fragility and vulnerability assessment, the results can be utilized in the final step of risk
evaluation, which involves incorporating consequence or loss models. In this context, there are two new
elements that need to be introduced and developed: first, new impact metrics or decision variables suitable for
describing risk assessment to support emergency management; second, to assess these new indicators should
be determined by appropriate consequence functions. In particular, for seismic events, it will be necessary to
link structural or non-structural damage to new additional impacts. Likewise, for flood events, defining
appropriate thresholds is essential to evaluate them.

Furthermore, the part of new indicators and consequences will have to be studied both for the single risk and
with the perspective of multi-risk assessment, thus introducing consistent metrics in terms of evaluation criteria
between flood and seismic risk. As well as introduced earlier also on the part of return periods to be considered
in the hazard model.

Another important aspect to consider, across all models from hazard to consequences, is the role of uncertainty,
which has not been addressed so far but becomes crucial during the development phase of the methodology.

It is important to emphasize that all elements of innovation and needs introduced in this chapter will also need
to be analyzed from the perspective of real-time assessments that the platform is undertaking to include and/or
develop during the project. In the context of real-time simulation, especially for the flood part could be
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interesting investigate the relationship between the alert system and the risk assessment evaluation for the
emergency planning developed in BORIS2 methodology.

A final element of needs assessment from the §2.1 concerns the emergency planning, from where the following
considerations emerge.
First of all, possible cases studies have been identified as follows:

- Bad Radkersburg, located in the south-eastern part of Styria and bordering Slovenia along the Mur and
Kutschenitza rivers. For the availability of the response plan, a request was made to the responsible
authority in order to gain access to it. In Austria, it is interesting the experience of Interreg project
goMURra (2019-2021), a civil protection plan specifically for floods was drawn up for the first time for
part of Styria and coordinated bilaterally with Slovenia. The existing flood emergency plan for Gornja
Radgona was developed in that project;

- QGorizia and the city of Nova Gorica, could be the cases study in the border Italy-Slovenia. Both
municipalities have the emergency plan available;

- The municipalities of RoZaje and Berane in Montenegro are under consideration as potential case studies
for the project, given their susceptibility to flood and seismic risks. In 2016 and 2017, RoZaje Municipality
developed a Municipal Flood Protection and Rescue Plan and a Municipal Earthquake Protection and
Rescue Plan, respectively. However, these documents are not available to the public. In contrast, Berane
Municipality has made its corresponding plans accessible.

It is also interesting to note that much of the necessary information (such as other layers of exposed assets,
infrastructures or relevant buildings, population waiting areas, ...) for the continuation of BORIS2 activities
are already present in the emergency plans of possible case studies, making the future activities more concrete
and operational. However, the formats to which these data are accessible can be very different, so joint work
among country experts will be needed to have consistent and homogeneous formats, as also mentioned earlier
regarding the information associated to the different elements. As a final element, it is important to highlight
the plan, in some cases, present the priority elements to act on in order of importance, for the emergency
response. For example, an excerpt from the Gorizia emergency plan is given where it is made explicit how
“during the first phase of the emergency period, measures regarding the re-activation of land, rail and air
transport will have to be provided in order to facilitate the arrival of the rescue services, on-track machinery
as well as the necessary materials with priority given to the strategic infrastructures, favoring the prompt
restoration of the connecting roads to emergency areas specially identified for access by emergency vehicles
and towards which escape routes for the population converge”. These priorities can influence the steps of the
evaluation methodology.

4 CONCLUSIONS

The BORIS2 project represents a significant step forward in enhancing cross-border risk assessment for
improved prevention and preparedness in Europe. By addressing the unique challenges posed by seismic and
flood risks in urban environments across different countries, the project aims to create more consistent,
effective, and collaborative risk assessment methodologies to support emergency management. The results
obtained through this work, particularly in Task 2.3, provide critical insights into:
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- the current state of data availability, for the application of the different models from hazard to
consequences;

- characterization of the information in these datasets in relation to reference models and, if required, the
need to improve the level of knowledge through downscaling processes or collection of specific data with
in situ or remote surveys;

- the spatial scale and the need to improve it by moving from a municipal scale (adopted in BORIS) to a
sub-municipal scale to be defined common to the different cross-border countries;

- the introduction of appropriate models (for example for the vulnerability or grafigility of the new strategic
assets) for achieving the new BORIS2 goals;

- theoretical insights that could be adopted and studied in WP4.

In fact, the investigation of hazard, vulnerability, and exposure models for seismic and flood risk, particularly
in relation to critical structures and infrastructure, has proven invaluable. The analysis not only highlights the
existing gaps in data and methodology but also offers potential solutions to the challenges posed by missing
or inconsistent data. These efforts are essential to improving the effectiveness of risk assessments and ensuring
that they can be implemented across countries and risk environments.

In particular, the Emergency Limit Conditions (LCE) framework, initially developed for earthquake risk in
Italy, offered several methodological elements that could be extended to other hazards, including floods, and
adapted for use in other countries. This framework is one of the key starting points for the project's research
and development, and its potential for wider application highlights the importance of creating adaptable and
scalable risk assessment methodologies.

The integration of available data for the BORIS case studies, further strengthens the foundation for future
evaluations and action. By combining these insights with the legal and institutional frameworks in place across
the various countries, BORIS2 is poised to make meaningful contributions to improving emergency
management capabilities across Europe, ultimately enhancing resilience in the face of natural hazards.

It is important finally to conclude how this work grew out of the results of the first Task 2.1 and the first
Deliverable 2.1 and is projected into the new activities, already undertaken, of WP4 aimed to define the
“Methodology for single risk and multi-risk urban assessment to support emergency condition evaluation”.
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