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Executive Summary 

The deliverable reports on the initial set of user requirements for beAWARE, based on 

profound analysis of operational scenarios for three different pilots: Vicenza (Italy-flood 

emergency), Valencia (Spain- fire emergency) and Thessaloniki (Greece - heatwave 

emergency). 

This work was targeted to document the identified user needs for the respective user 

requirements and it was performed to ensure consistency among different contexts. 

In the first section it was demonstrated by literature how weather related emergencies, such 

as floods, fires and heatwaves, are increasing in frequency and magnitude, consiquently 

determining more and more critical impacts. During emergecy situation getting accurate 

information about the scope, extent, and impact of the disaster is critical to creating and 

orchestrating an effective disaster response and recovery effort. The goal of beAWARE is 

therefore to propose an integrated solution to support forecasting, early warnings, 

transmission and routing of the emergency data, aggregated analysis of multimodal data and 

management the coordination between the first responders and the authorities.  

In the second section the methodology, followed to define user requirements, is described. 

In detail, the results of the activities performed are later reported for each pilot in terms of: 

- risks, impacts and difficulties; 

- operational scenarios and use cases; 

- requirements. 
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Abbreviations and Acronyms 
The following abbreviations have been used in this document: 

 

AEMET State Meteorological Agency of Spain 

AMICO Flood Forecasting System for the Bacchiglione River Basin 

CCAA /ƻƳǳƴƛŘŀŘŜǎ !ǳǘƽƴƻƳŀǎ - Autonomous Communities / Regions 

CCS Rescue Coordination Centres 

CCE Control emergency coordination center 

CECOM Firefighters Command Control Centre 

CISE Command Control Centre 

COC Municipal Operational Centres 

COM Mixed Operational Centres 

COR Regional Operations Centres 

DICOMAC Command and Control Direction 

DMI Danish Metrological Institute 

DISTER Fire Detection by Thermal Sensors 

IPT Integrated Product Team 

KST Command Station 

LBS Local Preparedness Staff 

PEIF Special Plan against Forest Fire Risk 

PMA Advanced Command Post 

PSAP Public-safety answering point   

UC Use Case 

UR User Requirement 

SCN Operational scenarios 

SUEM Ready Health Intervention 
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1 Introduction 

Climate conditions are expected to change worldwide. This includes an increase in intensity 

and frequency of (among others) extreme weather events. Extreme weather-related events 

may have great humanitarian impacts entailing loss of lives, in addition to the economic and 

partly insured losses (EASAC, 2013). Data collected since 1980 by the insurance industry 

provide one indicator of trends in extreme events. Although these are not direct measures 

of extreme weather events per se and may not have recorded all perils in the earlier record, 

they show weather-related catastrophes recorded worldwide to have increased from an 

annual average of 335 events from 1980 to 1989, to 545 events in the 1990s and to 716 

events for 2002ςнлммΦ CƭƻƻŘǎ ŀƴŘ ǘƘŜ ΨŎƭƛƳŀǘƻƭƻƎƛŎŀƭΩ ǇŜǊƛƭǎ ƭƛƪŜ ƘŜŀǘ ǿŀǾŜǎΣ ŘǊƻǳƎƘǘǎ ŀƴŘ 

wild fires show the most pronounced upward trend, followed by storms (Fig. 1-1). The 

analysis presents a clear distinction between all weather-related perils and geophysical 

hazard events like earthquakes, volcano eruptions and tsunamis, with the latter group 

showing only a slight and statistically non-significant increase. 

 
Fig. 1-1. Trends in different types of natural catastrophe worldwide, 1980ς2012 (1980 levels set at 100%; 

Munich Re NatCatSERVICE ). 

 
Compared with other continents, the increase in loss-relevant natural extreme events in 

Europe has been moderate (Fig. 1-2), with an increase of about 60% over the past three 

decades. The highest increases have occurred in North America, Asia and Australia/Oceania 

with today about 3.5 times as many events as at the beginning of the 1980s. 
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Fig. 1-2. Relative trends of loss-relevant natural extreme events in different parts of the world (1980 levels 

set at 100%; data from Munich Re NatCatSERVICE). 

 
 
The economic loss burden of extreme weather events has been considerable, estimated to 

ōŜ ϵплр ōƛƭƭƛƻƴ ǎƛƴŎŜ мфул όƛƴ нлмм ǾŀƭǳŜǎύΦ ¢ƘŜ Ƴƻǎǘ Ŏƻǎǘƭȅ ƘŀȊŀǊŘǎ ƘŀǾŜ ōŜŜƴ ǎǘƻǊƳǎ ŀƴŘ 

floods, amounting to a combined total loss oŦ ƳƻǊŜ ǘƘŀƴ ϵолу ōƛƭƭƛƻƴΦ ¢ƘŜ Ƴƻǎǘ ŀŦŦŜŎǘŜŘ 

countries were Germany (455 events), France (425), United Kingdom (415), Switzerland 

(360), Italy (355) and Spain (317). In agriculture, the 2003 and 2010 heat waves and 

associated dry conditions resulted in major regional crop shortfalls. The drought conditions 

and associated fires in the 2010 heat wave also caused a 25ς30% drop in the forecast of 

wǳǎǎƛŀΩǎ ŀƴƴǳŀƭ ƎǊŀƛƴ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴΣ ŎƻƳǇŀǊŜŘ ǿƛǘƘ нллфΦ 

As result of the above mentioned observations, flooding, heatwaves, fires, etc. will become 

more common in the future leading to an increased need to better investigate them and 

develop tools in order to mitigate their possible impacts.  

 

1.1  Floods  

There are many different types of floods. They can be distinguished based on the source of 

flooding (e.g. rivers and lakes, urban storm water and combined sewage overflow, or sea 

water), the mechanism of flooding (e.g. natural exceedance, defence or infrastructural 

failure, or blockage) and other characteristics (e.g. flash flooding, snowmelt flood, or debris 

flow). River floods are a common natural disaster in Europe, and τ along with storms τ the 

most important natural hazard in Europe in terms of economic damage. They are mainly 

caused by prolonged or heavy precipitation events or snowmelt. River floods can result in 

huge economic losses due to damage to infrastructure, property and agricultural land, and 
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indirect losses in or beyond the flooded areas, such as production losses caused by damaged 

transport or energy infrastructure. They can also lead to loss of life, especially in the case of 

flash floods, and displacement of people, and can have adverse effects on human health, the 

environment and cultural heritage. 

More than 325 major river floods have been reported for Europe since 1980, of which more 

than 200 have been reported since 2000. The rise in the reported number of flood events 

over recent decades results mainly from better reporting and from land-use changes. Global 

warming is projected to intensify the hydrological cycle and increase the occurrence and 

frequency of flood events in large parts of Europe. Flash floods and pluvial floods, which are 

triggered by local intense precipitation events, are likely to become more frequent 

throughout Europe (EEA Report, 2012).  

Losses caused by floods in Europe have increased and the death toll continues to be high, as 

illustrated in Table 1-1. 

 
 

Table 1-1. Floods in Europe with the highest (inflation-adjusted) losses  
 

 
Source: see Table 4.1 on page 61 of the full report (NAS and NMI, 2013), where the sources of information are 

listed; additional data are from Dartmouth Flood Observatory. 

 
The Floods Directive (EC, 2007) establishes a national and international framework for the 

assessment and management of flood risks aimed at the reduction of the trans-national 

adverse consequences for human health, the environment, cultural heritage and economic 

activity. The Floods Directive also offers citizens, businesses and governments a clear overall 

understanding of possible flood risks (vulnerable areas and potential damage), the 

objectives and measures in place to reduce or control the risks and the order in which the 

designated response teams will implement the measures. 
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An overview of the concepts of floodrisk and uncertainty and flood terminology to be used 

in the beAWARE project are reported in FLOODsite (2005). 

1.2  Forest Fires 

EU Forests and other wooded land cover 155 million ha and 21 million ha, respectively, 

together more than 42 % of EU land area. The forests play a key role in protecting European 

ecosystems and biodiversity, have a central role in trapping carbon which would otherwise 

be released in the atmosphere and thus aggravating climate change.. 

Forest fires are an integral part of forest ecosystem dynamics in many ecosystems where 

they are an essential element of forest renewal. They help control insect and disease 

damage and eliminate litter that has accumulated on forest floors. At the same time, forest 

fires are an important disturbance agent in many forested landscapes. Fire risk depends on 

many factors such as weather, vegetation (e.g. fuel load and condition), topography, forest 

management practices and socioΆeconomic context, to mention the main ones. Extreme fire 

episodes and devastating fire seasons of recent years in Europe were in most cases driven by 

severe fire weather conditions. Although most of the wild fires in Europe are ignited by 

humans (either accidently or intentionally), it is widely recognised that weather conditions 

and accumulation of fuel play a dominant role in affecting the changes in fire risk over time. 

Thus climate change is expected to have a strong impact on forest fire regimes in Europe. 

Fire risk depends on many factors, including climatic conditions, vegetation (e.g. fuel load 

and condition), forest management practices and other socioȤeconomic factors. The 

number of fires in the Mediterranean region has increased over the period from 1980 to 

2000; it has decreased thereafter. In a warmer climate, more severe fire weather and an 

expansion of the fire-prone area and longer fire seasons, as a consequence, are projected, 

but with considerable regional variation. The impact of fire events is particularly strong in 

southern Europe on already degraded ecosystems. 

In 1992 a regulation provided the legal framework for specific measures devoted to forest 

fire prevention between 1992 and 2002. It was replaced 31. December 2002 by Forest Focus. 

The purpose of Forest Focus was to establish a new EU scheme for monitoring forests and 

environmental interactions to protect EU forests against pollution and forest fires. The 

scheme supported the implementation of forest fire prevention measures from 2003 to 

2006. Between 2007 and 2013 financing under LIFE+ was available for awareness raising 

campaigns, providing information to the public, and training of forest fire prevention agents. 

It was replaced by Regulation 1293/2013 applicable from 2014 to 2020.1 

                                                      

1
 http://ec.europa.eu/environment/forests/fires.htm 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2007:149:TOC
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The need for a common accepted glossary of terminology to use in Europe for wildfires and 

forest fires was addressed in the European Forest Fire Networks Project (EUFOFINET). This 

led to a European Glossary for Wildfires and Forest Fires (2012) which can be used in the 

beAWARE project.2  

1.3  Heat wave due to extreme temperatures  

Global climate change is affecting the frequency and intensity of extreme events. Extremes 

of both warm and cool temperature are important indicators as they can have strong 

impacts on natural as well as human systems. Importantly, a temperature that is 'normal' for 

one region may be extreme for another region that has not regularly experienced this 

temperature in the past. For example, mortality has been estimated to increase by 1-4 % for 

ŜǾŜǊȅ м ϲ/ ƛƴŎǊŜŀǎŜ ŀōƻǾŜ ŀ ƭƻŎŀǘƛƻƴǎǇŜŎƛŦƛŎ ǘŜƳǇŜǊŀǘǳǊŜ ǘƘǊŜǎƘƻƭŘΣ ǿƛǘƘ ǘƘŜ ŜƭŘŜǊƭȅΣ 

disabled and socioΆeconomically deprived at most risk (Baccini et al., 2008; EEA, 2011). 

Extremes of cold have become less frequent in Europe while warm extremes have become 

more frequent. Since 1880, the average length of summer heat waves over western Europe 

has doubled and the frequency of hot days has almost tripled. Recent cold winters in 

northern and Western Europe do not contradict the general warming trend on decadal time 

scales. Historic records show a clear long-term warming trend across Europe but it is normal 

to observe considerable variability between and within years due to natural variability. 

Extreme high temperatures are projected to become more frequent and last longer across 

Europe over the 21st century. 

 

 

 

 

                                                      

2
http://www.northumberland.gov.uk/NorthumberlandCountyCouncil/media/Fire-and-Rescue/European-

Glossary-for-Wildfires-and-Forest-Fires.pdf 
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Fig. 1-3.  Projected average number of summer days exceeding the apparent temperature

3
 

Note: The maps show the number of summer days in Europe exceeding the apparent temperature (heat index) threshold of 
плΦт ϲ/ ŀǎ ǎƛƳǳƭŀǘŜŘ ōȅ ŦƛǾŜ 9b{9a.[9{ wŜƎƛƻƴŀƭ /ƭƛƳŀte Models for the IPCC SRES A1B emission scenario. The apparent 
temperature (often referred to as the heat index) represents heat stress on the human body by accounting for 
temperature. 
 
The forecasted increase in the hot days during the summer will most probably increase the 

appearances of heatwave phenomena as well. Table 1-2 shows the impact of major 

heatwaves in Europe and the casualties that were related to those, emphasizing the severity 

of heatwaves.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      

3 https://www.eea.europa.eu/data-and-maps/indicators/global-and-european-temperature/global-and-european-
temperature-assessment-4; EU-FP6 project ENSEMBLES; (http://eca.knmi.nl/ensembles); Haylock et al, 2008 ; 
(http://www.ensembles-eu.org/) van der Linden and Mitchell, 2009, Fischer and Schaer, 2010. 

http://eca.knmi.nl/ensembles
http://www.ensembles-eu.org/
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Table 1-2. Mortality attributed to hot summers or heatwave periods in Europe

4
 

 
 
Therefore, the development of tools that contribute to more effective management of the 

phenomenon is essential in order to minimize its impact, especially in urban areas. 

1.4  beAWARE Project goals  

Disaster response planners, rescue teams and first responders should be able to use a wide 

variety of technologies and tools to assist them during an incident. In every disaster and 

crisis, incident time is the enemy, and getting accurate information about the scope, extent, 

and impact of the disaster is critical to creating and orchestrating an effective disaster 

response and recovery effort.  

                                                      

4
 R. Sari Kovats, Kristie L. Ebi, 2006. άHeatwaves and public health in EuropeέΦ 9ǳǊƻǇŜŀƴ WƻǳǊƴŀƭ ƻŦ tǳōƭƛŎ IŜŀƭǘƘ  
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The goal in beAWARE is to develop a uniform system to deal with emergency related to 

extreme weather conditions that can be adapted to the specific features of case studies 

and type of emergency. This could lead to an optimization of resources during complex 

emergency situations and to the possibility of applying the system in different places 

characterized by similar problems.  

More specifically, beAWARE will provide support to authorities and first responders in all the 

phases of an emergency using a wide variety of technologies that will be developed starting 

from the understanding of platforms, theories and methodologies that are already used for 

disaster forecasting and management. 

With the aim to improve forecasting, early warning systems, transmission of the emergency 

data and coordination between first responders and authorities, beAWARE tools will be 

demonstrated in 3 concrete pilot cases, representative of generic issues related to Flood, 

Fire, and Heatwave: 

1. Floods in Vicenza City (Italy),  a highly populated and urbanized area, with extremely 

complex drainage and irrigation networks and important economic activities, ecological 

and cultural assets, characterized by high floodrisk; 

 

2. CƻǊŜǎǘ CƛǊŜǎ ƛƴ ±ŀƭŜƴŎƛŀ ό{Ǉŀƛƴύ ƛƴǎƛŘŜ ǘƘŜ ¢ƘŜ bŀǘǳǊŀƭ tŀǊƪ ƻŦ [Ȱ!ƭōǳŦŜǊŀ located about 8 

kilometers fŀǊ ŦǊƻƳ ǘƘŜ /ƛǘȅ /ŜƴǘǊŜΦ ¢Ƙƛǎ ŜŎƻǎȅǎǘŜƳ ŦƻǊƳŜŘ ōȅ ŀ ƭŀƪŜ ό[Ȱ!ƭōǳŦŜǊŀύΣ ǊƛŎŜ 

fields that surround it, The Devesa forest and beaches with their dune environments is a 

biodiversity hot spot with a great natural, landscape and cultural value. The Devesa 

forest is 10 km long, about 1 km wide and occupies an area of 850 ha. It is located in El 

Saler district, which is mainly dedicated to the agricultural, fishing and tourist sector and 

has a population of 1704 people although it increases in summer since The Natural Park 

ƻŦ [Ȱ!ƭōǳŦera is a leisure and beach zone; 

 

3. Heatwaves in Thessaloniki (Greece), a highly populated and urbanized area. It is the 2nd 

largest city in Greece and on its North-East side is located a suburban forest. Based on a 

study made in 2013 regarding the density of population in the cities in Greece, the urban 

complex of Thessaloniki is in the highest population density level in Greece with over 

9000 people/km2. High temperatures during summer combined with high humidity 

conditions, create a very challenging and with grate hazards environment. 

 

This document describes the use cases and requirements of the beAWARE system, the 

methodology used to define the use cases and the risks, challenges and the impacts 

identified and analysed in order to define these use cases. 
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2 Methodology 

The beAWARE system is intended to provide various services before, during, and after the 

occurrence of natural disasters focusing on floods, forest fires, and heatwaves, as described 

in the section above. A common methodology has been used to define the use cases and 

requirements of the beAWARE system. More specifically, beAWARE started with the 

identification of the status of available tools through an existing situation analysis in order to 

clarify the current digital landscape concerning emergency service requirements. beAWARE 

has studied the requirements of the pilot cases at hand by identifying and interviewing 

stakeholders (Municipalities, Regional/local Civil Protection Agencies, etc.) concerned with 

integrated risk management (floods/flash floods/fires/heatwaves), focusing on their needs 

and the current gaps both in the situational awareness and command and control aspect of 

the disaster response. Therefore, the first phase of the Project was dedicated to gather the 

necessary understanding of the users and their needs in order to formulate an initial list of 

requirements. 

Later weekly telcos were performed among the Consortium partners in order to share a 

common way to report all the informations aquired during the previous phase.  

During the User Requirements Workshop, held in Venice the 10-11 May 2017, the list of 

requirements extracted from all the Use Case descriptions was clarified and shared among 

the consortium partners. As a next step, the technical partners will go through the list of 

requirements in order to verify their technical feasibility. In detail, a consolidated set of 

system requirements will be elicited. This will include joint consideration of all user 

requirements from all the scenarios, generalization, abstraction and clustering of similar or 

associated user requirements, formalization and standardization of the requirement 

specifications, and allocation of system requirements to beAWARE subsystems. 

2.1  Conventions 

In detail, the following structure was established: a general emergency situation is 

subdivided in scenarios, use cases and requirements (Fig. 2-1) following the definitions 

reported below and characterized by a unique identifier, which allows the partners to speak 

ŀ άŎƻƳƳƻƴ ƭŀƴƎǳŀƎŜέΣ ŀƴŘ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ   

 

 

http://mklab.iti.gr/beaware/doku.php?id=1stworshop
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Fig. 2-1: Requirement analysis scheme 

 
An operational scenario is defined as the environmental and ecological context of the 

natural disaster and its impact on the elements at risk and stakeholder assets.  

The following naming and indexing convention applies: 

¶ Operational scenarios are catalogued as [SCN_X] 

o The Flood scenario is catalogued as SCN_1 

o The Fire scenario is catalogued as SCN_2 

o The Heatwave scenario is catalogued as SCN_3 

 

A use case is defined as a conceptual description of intended or expected utilization of the 

beAWARE system to prepare for, respond to, or act upon the occurrence of the scenario or 

various aspects therein. It is defined and specified from the operational user's point-of-view. 

The use case serves to explain how the end users perceive the system and its intended 

values, but it is not binding in terms of implementation. 

The following naming and indexing convention applies: 

¶ Use Cases are catalogued as [UC_xyy], where x is the identifier of the scenario to 

which the UC belongs, and yy is the serial number of the use case (we assume that 

there will not be more than 100 use cases perscenario). 

 

User requirements describe expectations, requests, and guidelines for functionalities, 

capabilities, conditionalities, and features of the beAWARE system that would facilitate 

successful completion of the use-cases. 

That said, since user requirements may be incomplete, biased, non-realistic, similar, 

complementary, or even contradicting to other user requirements, the user requirement set  

constitues a baseline for a set of functional requirements, that will be elicited and 

consolidated by the beAWARE system architecture Integrated Product Team (IPT), and will 

be considered as the binding requirement set.  
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The following naming and indexing convention applies: 

¶ User Requirements are catalogued as [UR_xzz], where x is the identifier of the 

scenario in which the requirement originated, and zzis the serial number of the 

requirement. 

All the end users worked on providing specific examples for all their cases, integrated in a 

document format shared during the telcos. In detail such document had to contain the 

following informations: 

¶ A  graph diagram  

¶ A story line 

¶ Examples of the visual information that might be presented to the authorities (e.g. 

spots in a map etc) 

¶ Example of the textual information that might be presented to the authorities  

¶ Example of messages that might be presented to the people 

¶ Example of messages that might be presented to first responders 

¶ Example of reports from the first responders that might be presented to the 

authority (tasks etc.) 

¶ The roles under the term authority 

¶ Mobile application equipment 

 

All the textual examples were provided in both languages (native and English). 

2.2  The Requirements Elicitation Process 

The purpose of this document is to describe the user requirements for beAWARE, based on 

profound understanding of the operational scenarios of flood, fire, and heatwave. The 

process for generating this set of requirements and for transforming it into a formal set of 

system requirements is defined as the requirements elicitation process. 

First, we describe in section 3 the risks and impacts of each operational scenario defined for 

the beAWARE program ς flood, fire, and heatwave ς per elements at risks and assets of 

humanitarian, economic, cultural, and ecological importance. We also describe the 

difficulties, challenges, and inhibitors of mitigating and preventing these risks. 

Secondly, in section 4 we provide an explanation and description of the operational 

scenarios as they emerge and evolve with current-state solutions and procedures. The 

scenario description and analysis provides for understanding the ecological situation, 

environmental and economic impacts and implications, decision-maker roles, 

responsibilities, and considerations, etc. 

Once the description of scenario-related risks and impacts and scenario dynamics are 

clarified, in section 5 we describe the use-cases for beAWARE systems, which represent how 
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the end-users and operational stakeholders expect beAWARE to assist them while coping 

with scenario-related challenges. Use cases describe how users expect or request to interact 

with beAWARE, which kinds of inputs and outputs they expect or intend to exchange with 

the system or through the system with other users, and how they perceive the internal 

dynamics of the system as it provides these values. 

Finally, based on the understanding and clarification of how users will interact with the 

system and benefit from such interactions, in chapter 6 we specify the operational 

stakeholder and user requests, intents, expectations, constraints, and requirements 

(collectively referred to as user requirements) per use cases of each scenario. The final result 

is therefore a set of scenario-based, operationally-justified, and prioritized set of user 

requirements. 

Based on this deliverable, a consolidated set of system requirements will be elicited. This 

will include joint consideration of all user requirements from all the scenarios, 

generalization, abstraction and clustering of similar or associated user requirements, 

formalization and standardization of the requirement specifications, and allocation of 

system requirements to beAWARE subsystems. This set of system requirements will be 

elaborated in D7.2 ς System Requirements and Architecture. 

An illustration of the requirements elicitation process described above is shown in Fig. 2-2. 

As we can see the input to this activity is the inital scenario set. The activities pertaining to 

Task T2.1 and to its corresponding Deliverable D2.1 are Risk and Impact Analyzing, Scenario 

Analyzing, Use Case Analyzing, and User Requirement Specifying. The latter provides the 

User Requirement Set ς the final output of D2.1, which constitutes the basis for the System 

Requirement Specification activity and for generating the System Requirement Set. 

 
Fig. 2-2. The Requirements Elicitation Process 
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After the delivery of D2.1 and D7.2, requirements development and implementation 

continue to evolve throughout the program, with the completion of intermediate prototype 

versions and the final version. In between, revised and refined requirement sets are going to 

be published as part of deliverabled D2.3 (M15, towards 1st Protoype at M18), D2.5 (M22, 

towards 2nd Prototype at M24), and D2.7 (M31, towards Final System at M36). This is 

illustrated in  Fig. 2-3 along with more detailed specification of the requirement sets and 

system version contents. 

 

Fig. 2-3. Requirement Development and Delivery Timeline 
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3 Risks and Impacts for Flood, Fire and Heatwave 

 
Even though the processes that generate the disaster might be fundamentally different, 

techniques to assess risk, evaluate preparedness, and assist response appear to have much 

in common and can share and benefit from advances in mobile technologies, 

communications, video analytics, geographic information science (such as data acquisition 

and integration; data ownership, access, and liability issues; and interoperability) and 

information technology in general.  

Each one of above cited scenarios (Flood, Fire, and Heatwave) can be characterized by a 

level of risk: the evaluation of risk and its components is in fact crucial in order to address 

correctly the development of the beAWARE system. 

Therefore risks and impacts will be described in the following in general terms, using the 

knowledge from the specific cases of Vicenza, Valencia and Thessaloniki respectively, since 

the goal of the project is to develop technologies that can support the management of these 

crisies  in all possible similar contexts. 

3.1  The concept of Natural Risk  

The concept of risk refers to the combination of the probability of a certain hazard to occur 

and of its potential negative impacts (EC, 2007; FLOODsite, 2009; UNISDR, 2009):  

R = f (H x V x E) 

where 

Hazard (H): The hazard is the occurrence of the physical event, which can happen with a 

certain probability and intensity. The difference between the hazard and the disaster is that 

a hazard may not cause any negative impact (EEA, 2010).  

 

Vulnerability (V): Vulnerability is defined in this report as the susceptibility or predisposition 

for loss and damage to human beings and their livelihoods, as well as their physical, social, 

and economic support systems when affected by hazardous physical events. Vulnerability 

includes the characteristics of a person or group and its situation that influences its capacity 

to anticipate, cope with, resist, respond to, and recover from the impact of a physical event 

(Wisner et al., 2004; Schneider et al., 2007; Cardona, 2010; Gaillard, 2010). 

 

Exposure (E): Exposure is defined in this report as the presence of people, livelihoods, 

environmental services and resources, infrastructure, and economic, social, and cultural 

assets in areas or places that are subject to the occurrence of physical events and that 

thereby are subject to potential future negative impacts (UNISDR, 2009; Gasper, 2010). 
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The first two elements, hazard and vulnerability, are characterized by probability 

distributions, while the latter, exposure, provides the unit of measurement of risk, that is 

money (see Fig. 3-1).   

(a) Source: Crichton (1999), redrawn. 
(b)Source: Martina (2012), redrawn. 

Fig. 3-1. Graphical descriptions of risk (Kulturisk FP7 Project, 2011) 

 
Risk is, therefore, the damage that occurs or will be exceeded with a certain probability in a 

certain time period (Merz et al., 2010).  

In the case of a flood event, the hazard outcome is a map of intensity (expressed in terms of 

depth, persistence, or velocity) of the flood, provided by the hydrological analysis and 

modeling i.e. flood frequency analysis, geomorphological characteristics of the region under 

assessment (pathway) and manufactured barriers against the hazard (attenuation) elements 

of the assessed area. Considering different return times and measures of intensity, multiple 

hazard maps are produced. Exposure identifies the presence of people and assets and as 

much as possible the social, environmental and economical value of them. Vulnerability is 

defined as another map resulting by the combination of physical and social components. The 

physical component is captured by the likelihood that receptors located in the area 

considered, could potentially be harmed (susceptibility of receptors). The social one is the 

ex-ante preparedness of society given their risk perception of awareness to combat hazard 

and reduce its adverse impact or their ex-post skills to overcome the hazard damages and 

return to initial state (represented by adaptive and coping capacities). 

Hazard, vulnerability and exposure are foreseen as maps, therefore, they are spatially 

explicit and they will be integrated in a GIS context. For instance, in a grid cell of GIS maps of 

a certain size, we can explicitly show the expected depth of a flood and the presence of 

buildings and people and the likelihood of them to be damaged or harmed (Fig. 3-2). 

The beAWARE project aims at reducing risk by supporting the implementation of 

countermeasures that can reduce: 

¶ the power of hazards,  e.g. by supporting decision makers in managing structural 

measures such as dams that can control flood volume; 
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¶ the exposure and  vulnerability in hazard zones, e.g. by alerting in advance people in 

flood vulnerable areas. Early warning systems coupled with real time responses are also 

a useful countermeasure that reduce exposure and vulnerability of people and 

communities. 

 

 

Fig. 3-2. Example of flood risk maps generation (Flood Risk Management Plan - AAWA, 2017) 

 
 

3.2  Element at Risk  

The European Flood Directive (EC, 2007) represents an ad hoc legislative framework to 

support the development of proper flood management strategies, in order to reduce the 

adverse consequences for human health, the environment, cultural heritage and economic 

activities resulting from such calamities. We adapted this classification of exposed elements, 

commonly used in flood risk analysis, for all the beAWARE scenarios.  

In this sense, Table 3-1 reports a list of elements that could be affected by floods, fires or 

heatwaves belonging to the four main categories of elements at risk: 1) Social, 2) Economic, 

3) Ecological, and 4) Cultural.  
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Table 3-1. Elements at Risk 

Macro 
category 

# Element at risk Flood Fire Heatwave 

Social E01 Inhabitants 
 
  

Yes, in particular 
those living close 
to the river, or in 
basements   and 
unable to leave 
their houses (e.g. 
due to water 
blocking exit to the 
street) or cars. 

Yes, in particular 
those living close 
to forest biomass 
& visitors 

Yes,  
due to power 
blackouts, causing 
elevators not to 
work 
 
Those unanble 
(elders, sick people, 
etc) to leave their 
houses and are stuck 
with no A/C 
 
Children, Outdoor 
workers 
(construction, 
roofers, migrant 
workers), Military , 
Elderly 
 

Economic E02 Public & private 
buildings 

Yes Yes, especially 
close to the 
forest 

 

E03 Industrial activities Yes   

E04 Communication  
Infrastructure  
 

Yes Yes  Yes 
(e.g. Affected Public 
transport lines) 

E05 Cars  Yes  
(e.g. parked or 
moving) 

Yes Cars (e.g. parked or 
moving) 

E06 Substations and 
Pumping stations 

Yes  Yes substations. 
Extensive power 
needs might cause a 
failure 

E07 Telecommunications 
 

Yes Yes  

E08 Road and 
railway 

Yes Yes  

E09 Agriculture: 
livestock 

Yes  
 

Yes Yes,  
Livestock  

E10 Agriculture: 
crops and other 
plants (e.g. 
Vegetables, 
Vineyards) 

Yes,  
(oversaturated 
with water) 

Yes Yes,  
due to drought  
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Macro 
category 

# Element at risk Flood Fire Heatwave 

Ecological E11 Natural habitat Yes Yes  

E12 Forest biomass  Yes Yes,  
due to drought 

E13 Animals and plants Yes Yes,  
in protected 
environment 

Yes,  
in protected 
environment 

E14 Dunes  An essential task 
in this 
environment due 
to its weakness 

 

Cultural  E15 Historical buildings Yes,  
in particular those 
located in the city 
center 

Yes 
 

 

E16 Historic sites 
 

Yes   

E17 Objects of art 
standing 
alone or firmly 
attached as an 
integral part of 
buildings 

Yes   

 

3.3  Impacts 

According to the Common Implementation Strategy Working Group on Floods (WGF 2012)  

the Consequences/impacts/effects can be defined as : άAn impact points at the economic, 

social or environmental damage that may result from a flood. An impact may be expressed 

quantitatively or qualitatively. The terms consequence, impact and effect can be used 

ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅέ  

A possible classification of these impacts is presented in Table 3-2 wich is an elaboration of 

the catalogue of flood consequences proposed in WGF (2012) which  integrates the flood 

consequences identified in Halcrow (2008), Penning-Rowsell et al. (2005) and Ecodecision 

(2006). 
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Table 3-2. Impacts 

Macro 
category 

# Impact Flood Fire Heatwave 

S
O

C
IA

L  IM01  
 

Impact  
on human health: 
Quasi direct 
physical health 
effects (e.g. 
Injuries) 

Yes 
Injuries from 
being knocked 
over by flood 
water, thrown 
against hard 
objects or struck 
by moving 
objects; injuries 
from over-
exertion during 
the flood (e.g. 
sprains); 
hypothermia; 
cold, coughs, 
flu, headaches; 
sore throats or 
throat 
infections; skin 
irritations (e.g. 
rashes) 

Yes 
Health problems 
due to exposure 
to heat & smoke 
(e.g. respiratory 
difficulty, burns,  
shock, and 
unconsciousness), 
and malnutrition 
due to lost crops.   

Health problems 
due to exposure 
to heat 
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Macro 
category 

# Impact Flood Fire Heatwave 

IM02 
 

Impact  
on human health: 
Longer term 
physical health 
effects: 
 

Yes 
 
Gastro-intestinal 
illnesses;  
cardiac 
problems; 
respiratory 
problems (e.g. 
asthma, chest 
infections, 
pleurisy); 
lacerations, 
abrasions and 
contusions; 
sprains and 
strains; skin 
irritations (e.g. 
rashes, 
dermatitis, etc.); 
high blood 
pressure; kidney 
or other 
infections; 
stiffness in 
joints; muscle 
cramps; insect 
or animal bites; 
erratic blood 
sugar level 
(diabetics); 
weight loss or 
gain; allergies 
(e.g. to mould 
spores) 

Yes 
 
Respiratory 
problems; long 
term skin 
problemes (e.g. 
fire wounds with 
infections and scar 
tissue); 
malnutrition may 
cause long term 
effects (e.g.  loss 
of bone density 
and damage to 
the organs). 

Health problems 
due to exposure 
to heat 
 
Body becomes 
unable to 
regulate itself & 
sweating 
mechanism fails; 
core body 
temperature 
rises  
Symptoms:  
Very high body 
temperature  
Red, hot skin  
Rapid strong 
pulse  
Throbbing 
headache  
Confusionς 
altered mental 
state  
Dizziness, 
nausea, 
vomiting  
Unconsciousness  
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Macro 
category 

# Impact Flood Fire Heatwave 

IM03 Impact  
on human health: 
Pshycological 
health effects 
 
 

Yes  
 
Anxiety;  
panic attacks; 
increased stress 
levels; 
depressions; 
lethargy / lack 
of energy; 
feelings of 
isolation; 
sleeping 
problems; 
nightmares; 
flashbacks to 
the event; 
increased use of 
alcohol or drugs; 
Anger/tantrums; 
Mood 
swings/bad 
moods; 
increased 
tensions in 
relationships 
(e.g. more 
arguing); 
difficulty 
concentrating 
on everyday 
tasks; thoughts 
of suicide 
 

Yes 
 
Anxiety;  
panic attacks; 
increased stress 
levels; 
depressions; 
lethargy/lack of 
energy; sleeping 
problems; 
nightmares; 
flashbacks to the 
event; increased 
use of alcohol or 
drugs; 
anger/tantrums; 
mood swings/bad 
moods; increased 
tensions in 
relationships (e.g. 
more arguing); 
difficulty 
concentrating on 
everyday tasks; 
thoughts of 
suicide. 
 
The pshycological 
heath effects 
depends on the 
affected person 
(e.g. their life 
situation, 
experience, and 
copingmechanism) 
 

Yes 
(e.g. due to 
Overcrowded 
public places) 
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Macro 
category 

# Impact Flood Fire Heatwave 

IM04 
 

Impact  
on human health: 
Death  

Yes 
(e.g. for 
drowning or 
severe Injuries) 

Yes 
(e.g. severe 
injuries caused by 
heat and smoke, 
severe 
malnutrition,   
overwhelming 
pshycological 
effects such as 
depression) 

Yes 

IM05 Impact on family 
life and social 
relations: 
Difficulties in 
meeting basic 
needs.  
Difficulties in 
recovering the 
house. 
Difficulties in coping 
with relatives 
suffering from 
health problems.  
Evacuation from the 
area. 
Loss of time and 
recreational 
opportunities. 
Disruption of 
financial situation. 

Yes Yes 

 

Yes 

IM06 Disruption of 
community services 
(Education 
Governance 
Health and home 
care Security) 

Yes Yes Yes 

IM07 Loss of memorabilia 
and irreplicable 
items 

Yes Yes  
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Macro 
category 

# Impact Flood Fire Heatwave 
E

C
O

N
O

M
IC 

 

IM08 Buildings  
(residential) 
and contents: 
 
Damage to the 
building frabric  

Yes Yes  

IM09 Buildings  
(residential) 
and contents: 
 
Damage to contents 
(domestic 
appliances; 
electrical 
appliances; 
furniture and 
furnishings; clothes; 
Χύ 

Yes Yes  

IM10 Damage to vehicles Yes ς water & 
mud 

Yes ς ashes & 
smoke 

 

IM11 Economic activities: 
Damage to the 
building frabric 

Yes Yes  

IM12 Economic activities: 
Damage to building 
services 

Yes Yes  

IM13 Economic activities: 
Damage to movable 
equipment 

Yes Yes  

IM14 Economic activities: 
Damage to fixtures 
and fittings 

Yes Yes  

IM15 Economic activities: 
Damage to stocks 

Yes Yes Yes 

IM16 Economic activities: 
Loss of earnings 

Yes Yes Yes 
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Macro 
category 

# Impact Flood Fire Heatwave 

IM17 Public utilities and 
related 
infrastructure: 
Damage to power 
plants 

Yes Yes Yes 
(as consequence 
people can be  
trapped in 
elevators of 
stuck in 
elevators or in 
houses without 
A/C) 

IM18 Public utilities and 
related 
infrastructure: 
Damage to water 
and sewage 
treatment plants  

Yes   

IM19 Public utilities and 
related 
infrastructure: 
Damage to 
electricity, gas, 
district heat, water 
and 
telecommunications 
transmission 
infrastructure  

Yes Yes  

IM20 Public utilities and 
related 
infrastructure: 
The phone lines are 
down or tied up or 
simply not working. 

Yes Yes  

IM21 Public utilities and 
related 
infrastructure: 
Losses caused by 
the disruption of 
electricity, gas, 
district heating, 
water and 
telecommunication 
services  

Yes Yes Yes 
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Macro 
category 

# Impact Flood Fire Heatwave 

IM22 Transport 
infrastructure: 
Damage to the 
road, railway, port 
and airport 
infrastructure 

Yes Yes 
Damage to the 
infrastructure, 
such as the poorly 
laid roads, which 
were un-usable 
after the fire 
 

 

IM23 Transport 
infrastructure: 
Traffic jam 
 

Yes Yes Yes 

IM24 Transport 
infrastructure: 
Accidents  

Yes Yes Yes 

IM25 Transport 
infrastructure: 
Losses caused by 
the disruption or 
interruption of the 
road and railway 
network and port 
and airport 
infrastructure (not 
always an economic 
cost) 

Yes 
(e.g.) Bus 
service 
interruption 

Yes 
(e.g.) Bus service 
interruption 

Yes 
(e.g.) Bus service 
interruption 

IM26 Agriculture/Arable: 
Damage to land, 
Damage to crops, 
Damage to 
equipment 

Yes Yes Yes 

IM27 Agriculture /  
Livestock: 
Loss of livestock 
Damage to land 
Temporary loss of 
grazing 

Yes Yes Yes 

IM28 Agriculture /  
Horticulture: 
Damage to land; 
Loss of produce 

Yes Yes 
Loss of materials 
like rubber trees, 
crops 

Yes 
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Macro 
category 

# Impact Flood Fire Heatwave 

IM29 Agriculture /  
Forestry: 
Damage to forestry 

Yes Yes  
Loss of forest 
resources.  
 

Yes 

E
C

O
L

O
G

IC
A

L
 

IM30 Impact on the 
quantity and quality 
of ecosystem goods 
and services 

Yes (Power cuts 
related to floods 
may disrupt 
water treatment 
and supply 
plants thereby 
increasing the 
risk of water-
borne diseases 
as described) 

Yes 
 
air pollution, 
waters with forest 
fire ashes, crop 
pollution 
 
loss of biomass, 
landscape impact 

 
Loss of land, such 
as the local forest 
gardens  
 

Yes, 
microclimate of 
the city will be 
affected. 

C
U

L
T

U
R

A
L

 
 IM31 Damage to build-up 

heritage Damage to 
parks and gardens  
Damage to 
archaeological sites 

Yes (e.g. 
Damage to 
artworks) 

  

 
 

3.4  Difficulties 

ά5ƛŦŦƛŎǳƭǘƛŜǎέ ŀǊŜ ŦŀŎǘƻǊǎ ǇǊŜǾŜƴǘƛƴƎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ŦǊƻƳ ƻǇŜǊŀǘƛƴƎ ŜŦŦƛŎƛŜƴǘƭȅ ŘǳǊƛƴƎ ŎǊƛǎƛǎ 

management. During the first phase of the Project, stakeholders (Municipalities, 

Regional/local Civil Protection Agencies, etc.) concerned with integrated risk management 

(floods/flash floods/fires/heatwaves) were identified and interviewed, focusing on their 

needs and the current gaps both in the awareness and command and control aspect of the 

disaster response. In detail the following list of difficulties resulted:  
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Table 3-3. Difficulties 

# Description Flood Fire Heatwave 

D01 Uncertainty of weather 
forecasts 

Especially in case 
of flash floods in 
small catchment 
areas caused by 
small scale rain 
events, more 
difficult to be 
evaluated. 
 
Low resolution of 
weather 
forecasts (> 
5kmq). 
 
Increasing 
uncertainty for 
forecasts 
characterized by 
wider time 
windows (> 3 
days) 
 

Especially for a areas 
characterized by o 
special micro-climate 
conditions 

Especially for a 
small area in real 
time 

D02 Uncertainty of forecast/ 
prediction models 

Lack of recorded 
environmental 
data (flood 
areas, water 
depth) to 
calibrate 
Hydrological-
hydraulic 
forecast models. 

Fire can start in different 
ways (e.g. natural or 
human causes) 
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# Description Flood Fire Heatwave 

D03 Missing decision-
support system 
platform: 
- Visualized reports; 
- Environmental 

sensor data; 
- Number of people in 

danger; 
- Availability & 

location of rescue 
teams in the field 

Yes 
-to know where 
people are really 
in danger in 
order to send 
rescue teams; 
- to know the 
number of 
people and 
assets that are 
(or may 
be)affected by 
the flood; 
-to know real 
time 
environmental 
data (from 
standard sensors 
and 
meteorological 
radar); 
- to know  flood 
model forecasts;  
- to Visualize 
pertinent 
information 
provided via 
mobile Apps, 
calls, text 
messages,  as 
well as social 
media streams  

Yes 
- to know where people 
are really in danger in 
order to send rescue 
teams or ordering 
evacuations/confinment; 
- to know the number of 
people and assets that 
are (or may be)affected 
by the forest fire; 
- to Visualize pertinent 
information provided 
via mobile Apps, calls, 
text messages,  as well 
as social media streams 

Yes 
- to know where 
people are really 
in danger in 
order to send 
rescue teams; 
- to know the 
number of 
people and 
assets that are 
(or may 
be)affected by 
the heatwave; 
- to Visualize 
pertinent 
information 
provided via 
mobile Apps, 
calls, text 
messages,  as 
well as social 
media streams 
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# Description Flood Fire Heatwave 

D04 Missing Automatic 
warnings & 
recommendations 
- Citizens 
- First responders 

- Send location of 
safe places; 
- Send warnings 
in order to avoid 
possible 
interferences 
with ways to be 
used only by civil 
protection 
volunteers; 
- to warn people 
of a river 
overtopping 
and/or breaking; 
- to warn people 
on the progress 
of flooding and 
on  flooded 
underpasses;  
- to warn people 
approaching a 
flooded area 

Yes 
- Send location of safe 
places; 
- Send warnings in order 
to avoid possible 
interferences with first 
responders; 
- to warn people of pre-
emergency level 3 
establishment (extreme 
fire risk) ; 
- To inform people of 
forbidden 
activities/behaviours; 
- To inform people of 
self-protection 
measures; 
- to warn people 
approaching a burning 
area 

Yes 
- Send location 
of places of 
relief; 
- Send warnings 
to people about 
imminent 
heatwave 
 
 

D05 Assign tasks to first 
responders 

Yes 
- Assign tasks to 
first responders 
and evaluate 
their evolution 
in real time  
 

Yes 
- Assign tasks to first 
responders and evaluate 
their evolution in real 
time  
 

Yes 
- Assign tasks to 
first responders 
and evaluate 
their evolution 
in real time  

D06 Limited visibility Monitor river 
level, levee 
overtopping & 
breaking and  
rainfall, 
especially at 
night 

Monitor fire evolution, 
satellite cameras access. 

 

D07 Detect people and cars In the river and 
in flooded road 
underpass 

Yes, in the forest area  

D08 Limited time between 
model forecast and the 
implementation of first 
responder actions 

Yes Yes Yes 
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# Description Flood Fire Heatwave 

D09 Overcrowded in 
summer time and 
vacation weekends 

 Could obstruct the 
arrival of first 
responders and make 
evacuation more difficult 

 

D10 Difficulty in predicting a 
blackout 

  Yes 

D11 Handling traffic, even 
before a blackout 
occurs 

  Yes 

D12 Dealing with people 
that will gather in 
multiple locations 
across the city 

  Yes 

D13 Pin-point exact 
location(s) where 
rescue teams are 
actually needed 

Yes Yes, due to uncertainty 
of forest fire forecast. 
Weather conditions may 
rapidly change. 

Yes, multiple 
reports from 
various sources 
may make it 
difficult to assess 
if several rescue 
teams are 
required for 
several different 
groups of people 
in danger, or 
whether all 
reports are 
referring to the 
same incident 
and one rescue 
team can handle 
the situation 

D14 Dark spots where 
communications may 
be lost 

Yes Yes  

 
 
Since beAWARE should address any Flood, Fire, and Heatwave at any geographical location 
this section was dedicated to the description of the general risks, impacts, and difficulties 
related to any of these kind of events. In order to demonstrate how the beAware solution 
will be capable of managing these general challenges, three demonstation scenarios and 
use-cases will be implemented in Vicenza, Thessaloniki and Valencia. These scenarios and 
use-cases that are representative for generic issues related to Flood, Fire, and Heatwave are 
described in the following sections 4 and 5. Finally, starting from current gaps and difficulties 
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related to these real crisis management problems, expectations from the beAWARE system 
will be translated in terms of users requirements as reported in section 6. 
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4 Operational Scenarios 

4.1  SCN_1: Flood 

Description of Flood Demonstration site 

The catchment of the upper Bacchiglione River, closed at Ponte degli Angeli in the historical 

centre of Vicenza (Fig. 4-1), is located in the north of the Veneto Region, a plain that is 

fringed by the Alpine barrier at a distance of less than 100 km to the north of the Adriatic 

Sea (Barbi et al., 2012). 

 
Fig. 4-1. The Bacchiglione Catchment closed at Vicenza 

 
With regard to the precipitation climatology, the southern part of this plain is the drier, with 

approximately 700ς1000 mm of mean annual rainfall, whereas more than 2000 mm are 

measured close to the pre-alpine chain. Obviously, these differences are mainly related to 

the mountain barrier and its interaction with southerly warm and humid currents coming 

from the Mediterranean Sea (Smith, 1979). Indeed, the topography of the region rises from 

the southern plain at about 30 m above sea level (a.s.l.) to about 1500ς2200 m a.s.l. in the 

first orographic barrier, the pre-alpine chain, and then further to the north to the Dolomites, 

a mountain massive that peaks at over 3000 m a.s.l. In the northern part of the Bacchiglione 

catchment, the terrain elevations raise from 250 to 1000 m a.s.l. in less than 1 km, with 

slopes up to 70%. A significant portion of the annual rainfall often concentrates into very 

short periods of time in the form of what often turns out to be an extreme event with deep 

convection playing a central role (Barbi et al., 2012; Rysman et al., 2016). As a consequence, 

severe flooding event have threatened agricultural and urban areas in the recent years (e.g. 

Scorzini and Frank, 2015), since the upper Veneto plain is a highly populated and urbanized 

area. These floods are characterized by low response time (lower than 12 hours) and are 

also triggered by snowmelt. 




















































































































































































































