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1 INTRODUCTION  

Technological accessibility is critical to the development of well-informed policies and decisions. 

Despite much scientific advancement, more has to be done to link technology and mostly ICT 

solution to daily DRR governance settings, including operational procedures and processes of 

emergency responders in specific hazard based scenarios. 

DRR sensitive recommendations, recurring in major international fora on a proper integration of 

any technological and innovative solution with DRR policies and practices of emergency managers 

and responders at the service of more resilient countries and their societies, represents a major 

point of reference for I-REACT solution design and development. 

I-REACT role in enhancing capacity in DRR through the use of technological innovation and science 

is fully in line with such a strategic, starting from the present deliverable purpose. In general terms, 

I-REACT proposed system targets a double level of complexity: in one hand the technological 

challenge: develop a multifunctional solution, leveraging on innovative cyber technologies and ICT 

systems, integrating multiple systems and European assets. On the other hand, the institutional and 

policy driven challenge: secure an institutional interplay with public administration authorities, 

private companies, international organisations and programmes with the mandate to provide public 

international good both at the national level and internationally, in the frame of humanitarian 

assistance delivered through international cooperation channels. The merging of both technological 

and institutional-policy components is, therefore, meant to provide increased resilience to natural 

disasters through better analysis and anticipation, effective and fast emergency response, increased 

awareness and citizen engagement. 

In order to cope with the above challenges, I-REACT lent a close ear to the requirements of its 

potential users in order to successfully integrates existing services, at local, European, and possibly 

global scale, into a platform that supports the entire emergency management cycle, through a user 

driven and hazard based process. Such an integration starts from the early phase of I-REACT, and it 

is built upon an interactive framework set in place during the international workshop on Resilience 

to Natural hazards through Information and Communication Technology, held from 14 to 15 

September 2016 at the UNESCO Headquarters in Paris. Here, emergency responders and carefully 

selected international advisors from public and private sectors, provided inputs from their long 

standing experience, interplaying with I-REACT system developers, with substantial feedbacks and 

vision. This is about on how the system should be conceived, designed and developed in order to 

better tackle the hazards at stakes and foremost on how to bridge the existing gap between the 

proposed innovative services/solutions and end users when coping with natural hazardous events. 

The goal of tasks T2.1 - Multi-Hazard Requirements (but also T2.2 - Stakeholders & End-users 

Requirements and T2.3 - Operational Procedures, Processes & Scenarios) and its hereby deliverable, 

“Report on Multi Hazard requirements analysis” is to make I-REACT project acquiring a multiple 

hazard and professional users’ requirement framework for the design of its solutions. These 

requirements have been identified by a significant number of public and private, local, national and 
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international users, compounded by an international and interdisciplinary board of advisors. Their 

efforts, driven by the scope to formalize the requirements and to provide suitable inputs to the 

design and the development of I-REACT system. In particular, main features of selected testing 

hazards, the operational gaps detected in CPD processes and procedures triggered by such 

hazardous events, and I-REACT contribution to bond those gaps are hereby detailed for appropriate 

guidance of developing I-REACT solutions. 

1.1 PURPOSE OF THE DOCUMENT 

The Report on Multi Hazard requirements analysis is a component of the Innovation and Design 

Package (WP2) and it is meant to identify the main features of a different sets of hazards, their 

phenomenology and the current gaps which emergency managers have to face with along with I-

REACT foreseen solutions to tackle them accordingly. 

The document is, therefore, made of the following basic components: 

 An introductive part which unfolds two major chapters. The first relates to general 

considerations on the increased role of ICT based solutions in managing and mitigating the 

impact of humanitarian crises and natural based disasters with exemplary and punctual 

insights drawn from the field experience. The second focuses on the overall consistency of 

I-REACT solution and its innovative services with main international and regional (EU) 

priorities and recommendations on DRR. This is in order to include and stress out the 

importance of a policy oriented ground as a reference point to build upon and orient 

technical features and requirements of the technological solutions offered by I-REACT 

project 

 An overview of the current systems and services operational at EU scale that are relevant 

within the I-REACT framework 

 Multiple hazards profile: this is about a hazard by hazard based assessment, reporting on 

general features and different manifestation of main natural hazards to be confronted by 

the I-REACT system, which is focused on natural hazards strongly related with climate 

change, hence floods, fires and extreme weather events including heat waves. Statistics and 

relevant data in relation to their impact and occurrences are also included. Moreover, 

additional effort has been put on other hazards (droughts, landslides, earthquakes) which 

have been accommodated with a dedicated profile in the Annex 

The analysis is aimed at the identification of the emergency management phases requiring more 

improvements with respect to state-of-art management processes tackling the identified hazards 

within the emergency management cycle. This serves to outline the most important shortcomings 

to be tackled by the combination of I-REACT offered solutions which promise to be more effective 

than the systems/methodologies already in use. 

Additionally, for each hazard the main contributions implemented within I-REACT are mentioned, 

in consideration of its multiple functionalities and assets to deploy in the entire DRM cycle from 
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early warning to post-disaster scenarios. Novel services and functions are, therefore, interfaced with 

each hazard of relevance in order to display the added value of I-REACT functionalities in hazardous 

context and events. 

1.2 STRUCTURE OF THE DOCUMENT 

The document is organized as follows: 

 Chapter 1 is this introduction and description of the document itself; 

 Chapter 2 sets the background with respect to the use of ICT during emergencies caused by 

natural hazards with a focus on international activities; 

 Chapter 3 contains an overview of the main systems and services provided by the EU for 

Emergency Management and Early Warning; 

 Chapter 4 includes the profiling of multiple hazards to identify the main I-REACT 

contributions starting from the hazard phenomenology and its impacts in Europe. The 

hazards analysed are extreme weather events, floods, wildfires, and heatwaves, for which 

the I-REACT platform can provide more benefits with respect to the current state-of-art 

solutions; 

 Chapter 5 draws conclusions the application of the I-REACT technologies in the previously 

analyses hazards; 

 Annex A that contains the hazard analysis for droughts, landslides, and earthquakes, which 

are secondary to I-REACT. 

1.3 ACRONYMS LIST 

CP  Civil Protection  

ACP  African, Caribbean, Péacif Countries  

DRM  Disaster Risk Management  

EO  Earth Observation  

CIMA   International Centre for Environmental Monitoring   

CPD  Civil Protection Department   

CPA   Civil Protection Authority    

DEM  Digital Elevation Models    

DMC   Disaster Management Cycle   

DDR   Disaster Risk Reduction   

EDO  European Drought Observatory  

EDC  European Drought Centre   

EFAS   European Flood Awareness System   

EFFIS  European Forest Fire Information System   

EGNOS   European Geostationary Navigation Overlay Service   

EMS   European Emergency Management Service   

EO   Earth Observation   

ERU   Emergency Response Unit   

EU  Eeuropean Union  

EWS   Early Warning System   
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GNSS   Global Navigation Satellite System   

HWMId  Heat Wave Magnitude Index   

JRC  Joint Research Centre  

IFRC   International Federation of the Red Cross and Red Crescent 
Societies  

 

ICT  Information Communication Technology  

MODIS  Moderate Resolution Imaging Spectroradiometer  

NGO   Non-Governmental Organization   

NDRR  Natural Disaster Risk Reduction Programme of the EU  

SAR   Search And Rescue   

UC   User Committee   

UNDAC  United Nations Disaster Assessment Coordination   

UN ASIGN  United nations Adaptive System for Image Communication over 
Global Networks 

 

UNESCO  United Nations Educational, Scientific and Cultural Organization  

UNISDR  United Nations Office for Disaster Risk Reduction  

UNOSAT  United Nations Operational Satellite Applications Programme  

UAVs  Unmanned Aearial Vehicles  

WDR  World Disasters Report  

WMO   World Meteorological Organization    

WP   Work Package   

WT   Work Task   

 

1.4 REFERENCE AND APPLICABLE DOCUMENTS 

ID  Title  Revision  Date 

[RD01]  
 I-REACT Project proposal: Grant Agreement – Annex1    16/03/2016 

[RD02]  

 D2.2 Report on Users and Stakeholders requirement 
analysis, operational procedures, processes and 
scenarios 

 
1.0  15/10/2016 

[RD03]  

 D3.1 Report on emergency Management Systems, 
European Early Warning System and Sentinel data 
integration 

 
-  31/12/2017 
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2 BACKGROUND  

1.5 MULTI-RISK ASSESSMENT DEFINITION 

The current risk legislation regulates each type of hazardous event, following a sectored approach: 

different laws and methodologies address the different risks. Single-risk assessments determine the 

singular risk (i.e., likelihood and consequences) of one particular hazard (e.g., flood) or one 

particular type of hazard (e.g., Flooding) occurring in a particular geographic area during a given 

period of time1. 

This approach is inherited from a technician perspective on risk analysis and risk assessment, which 

used to focus more on the hazards than on the related vulnerability and risks. This sectored 

approach is reinforced by the fact that each category of hazard is deeply studied by a given scientific 

field (e.g., geology and hydrology).  

As a result, it is quite difficult – if not impossible – to compare risks of different origins, because the 

methodology to assess risks is too different from one risk to another and results are not easily 

comparable.  

Multi-risk approaches have emerged with the aim of coping with the limits of the existing single-risk 

assessments. The focus laid on the evaluation of territorial complex risk situations has an impact on 

the risk management strategies and on the associated decision-making process.  

To the difference with a single-risk approach, the multi-risk approach is based on a territorial 

perspective: a piece of territory is composed of different elements diversely exposed to risks and 

diversely vulnerable against various sources of hazards. The concept of multi-risk can therefore be 

defined as a risk situation, combining multiple hazardous sources and multiple vulnerable elements 

coinciding in time and space. Hewitt and Burton refer to this concept as an ‘all-hazards-at- a-place’ 

approach.23 The transfer of more and more competencies and responsibilities for the risk 

management to local decision-makers reinforces the need to assess complex multi-risks situations 

on territorial realities. For instance, in the last decade in Italy, according to the subsidiarity principle, 

mayors and regions acquired new risk management competencies in their own territories. A sound 

multi-risk assessment is thus fundamental to give answers to typical questions posed by local 

authorities1. These questions relate among others to the understanding of the risks situations that 

threaten a given territory, to the identification of the areas where it is necessary to reduce the risks 

in priority, to the best way to allocate the funds aiming at reducing and mitigating the risks.  

                                                      

1 W Marzocchi, A Garcia-Aristizabal, P Gasparini, M Mastellone, A Di Ruocco and P Novelli, (2012). Basic Principles of 

Multi-Risk Assessment: A Case Study in Italy. Natural Hazards 551–573. 
2 K Hewitt and I Burton (1971). Hazardousness of a Place: A Regional Ecology of Damaging Events. 
3 M S Kappes, M Keiler, K von Elverfeldt and T Glade (2012). Challenges of Analyzing Multi- Hazard Risk: A Review. Nat 

Hazards 1925–1958 
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While single-risk technical assessment promoted by the existing regulation overlooks the complex 

distribution of risks over a territory, the multi-risk assessment aims at providing an aggregated 

picture of the multiple risks sources over a territory. It may provide a formal scheme to compare 

and rank different kinds of hazardous phenomena (natural, industrial, etc.), and account for 

‘cascade effects’ that are usually neglected in single-risk analysis. However, it must be clearly 

underlined that multi-risk assessment is not to be considered as an alternative to single-risk 

assessment. In fact, probabilistic single-risk analysis is a necessary pre-requisite for a multi-risk 

analysis1. Multi-risk assessment differs from single-risk assessment because it provides a 

supplementary level of aggregated information on complex multi-risk situations, while single-risk 

assessments are still fundamental to provide technical information on single risks. As a matter of 

fact, multi-risk evaluation is a relatively new field4. Scientific studies mainly focus on the 

methodological issues raised by the comparison and combination of different types of hazards of 

different magnitude and frequency5, on the multi-vulnerability aspects, which require comparing 

different types of potential damages6 or on the identification of final multi-risks indicators  

Risk management policies based on multi-risk approaches are still rare, although their importance 

is recognised. For example, within international politics, one of the first references to this term has 

been made in the Agenda 21 for sustainable development7. This document calls for ‘complete multi-

hazard research’ as a part of human settlement planning and management in disaster-prone areas8. 

More recently, the EU guidelines for risk assessment recommend that multi-risks assessment should 

be applied to ‘determine the total risk from several hazards either occurring at the same time or 

shortly following each other, because they are dependent from one another or because they are 

caused by the same triggering event or hazard; or merely threatening the same elements at risk 

(vulnerable/ exposed elements) without chronological coincidence’9. While the existing debate on 

                                                      

4 See UNDRO, Composite Vulnerability Analysis: A Methodology and Case Study of the Metro Manila Area  (UNDRO 

1977); K Granger, T Jones, M Leiba and G Scott. Community Risk in Cairns: A Provisional Multi Hazard Risk Assessment. 

AGSO Cities Project Report No. 1. Australian Geological Survey Organisa- tion, 1999, Canberra, Australia.; N Ferrier and 

C E Haque, ‘Hazards Risk Assessment Method- ology for Emergency Managers: A Standardized Framework for 

Application’ (2003) Nat Hazard 271–290; G Grunthal, A H Thieken, J Schwarz, K S Radtke, A Smolka and B Merz, 

‘Compara- tive Risk Assessments for the City of Cologne – Storms, Floods, Earthquakes’ (2006) Natural Haz- ards 21–44; 

M Kappes, M Keiler and T Glade, ‘From Single- to Multi-Hazard Risk Analyses: A Concept Addressing Emerging 

Challenges’, in J P Malet, T Glade and N Casagli (eds), Proceedings of the of the International Conference Mountain 

Risks: Bringing Science to Society (CERG Editions 2010), 351–356; J Schmidt, Iain Matcham, Stefan Reese, Andrew King, 

Rob Bell, Roddy Henderson, Graeme Smart, Jim Cousins, Warwick Smith and Dave Heron, ‘Quantitative Multi-Risk 

Analysis for Natural Hazards: A Framework for Multi-Risk Modelling’ (2011) Nat Hazard 1169–1192. 
5 W Marzocchi, A Garcia-Aristizabal, P Gasparini, M Mastellone, A Di Ruocco and P Novelli (2012). Basic Principles of 

Multi-Risk Assessment: A Case Study in Italy. Natural Hazards 551–573.  
6 A Carpignano, E Golia, C Dimauro, S Bouchon and J-P Nordvik (2009) A Methodological Approach for the De nition of 

Multi-Risk Maps at Regional Level: First Application. Journal of Risk Research 513–534; M Kappes and others, ‘From 

Single- to Multi-Hazard Risk Analyses: A Concept  Addressing Emerging Challenges’, cit, 355. 
7  UNEP (1992) Agenda 21: Technical Report.   
8 UNEP, ibid.; M S Kappes and others, ‘Challenges of Analyzing Multi-Hazard Risk: A  Review’, cit, 353. 
9 European Commission (2009) Principles of Multi-Risk Assessment, Interaction amongst Natural and Man-Induced  

 Risks. 
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multi-risk is mostly focusing on the scientific and methodological aspects, it is fundamental to recall 

that the multi-risk perspective also provides the opportunity to the different stakeholders involved 

in the risk management process to express their preferences.  

Since I-REACT is an innovation action, it has to build on consolidated solutions and possibly rely 
on available standards, while the multi-risk approach is quite new and not well consolidated 
among the end-user group. The I-REACT risk approach is aimed at characterising its tools and 
services according to the following criteria: 

 Risk generated by natural hazards, the management of which is a consolidated practice 
among of public authorities;  

 Focus on hazards for which the occurrence can be predicted in due time, to alert exposed 
people and to activate response operations; 

 Focus on hazards with high expected impact, e.g. fatalities, injuries, economic loss, 
environmental impact, etc.. 

 

Considering this simple criteria, the I-REACT project proposal [RD01], and the expertise available in 

the consortium, the hazards to be addressed are defined in Section 4. Note that the I-REACT project 

will not provide an automatic evaluation of multiple risks nor will automatically estimate the 

probability of having cascading effects. 

I-REACT will support the concurrent management of multiple hazard happening at the same time 
or very close one another, segregating the data flows by hazard and time, and being able to handle 
parallel flows of data in real-time from all sources supported. 

1.6 EMERGENCY MANAGEMENT AND ICT SOLUTIONS 

Information Communication technology (ICT) has opened the gates to an unprecedented scenarios 

of innovative interplay between humanitarian organisations, affected communities and emergency 

responders. ICT has proved in several circumstances and through a number of significant solutions 

which are growing at a significant pace, its potentiality in the emergency management cycle by 

leveraging on the assessment and provision of critical information, enhancing monitoring capacity 

to better tailor the humanitarian action and response.  

However, standalone technology is not enough.  

It is worthy of mention that one of core concepts at the basis of the European Civil Protection 
Forum 2015, Partnership for Innovation, as stressed out by Carlos Moedas, European 
Commissioner for Research, Science and Innovation, was about the importance of interfacing 
emergency responders and the science/research communities. 
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In many circumstances the lack of information, the inherent complexity of modern tools and their 
poor interoperability, place constraints on end users, limiting the benefit from the utilization of 
such innovative solutions10. 

 

I-REACT project intends to perform as a facilitator in interfacing science and technology 

communities with policy makers and DRR practitioners to jointly identify needs and gaps, co-design 

and deliver a users’ tailored and friendly application and solution, in the spirit of the implementation 

of the Sendai strategy 2015-2030.  

In order to seize the paramount opportunity ushered by the application of ICT in the entire 

emergency management cycle, a number of challenges must be considered along with the daunting 

task to perform not only technologically relevant but also reliable and foremost resilience systems 

able to integrate multiple solutions and tools in a coordinated fashion. Moreover, they should be 

able to perform in harsh environmental conditions, digesting and elaborating from a wide array of 

information and communication technologies inputs in the entire DMC. As in the case of I-REACT 

the concentration of technologies which makes possible to exploit info generated by real time 

reporting, social media, imagery from space, wearable (bands, smart glasses) and drone, make the 

enterprise even more challenging.   

As also stressed out by the world Disasters Report 2013 – Technology and Humanitarian action 

(WDR 2013) published by the International Federation of Red Cross and Red Crescent Societies 

(IFRC) effects of technology can be both positive and negative in terms of disaster and humanitarian 

response. In particular, as stressed out by Patrick Vinck, Director of the programme on Vulnerable 

populations at the Harvard School of Public Health, the focus is not about technology rather than 

humanitarian effectiveness and communities’ behaviour in terms of active or rather passive 

bystanders.  

The ongoing ICT and cyber development has enabled citizens in crisis to overcome the inefficiency 

of voice based emergency service due to infrastructural or organisational failures, during and after 

a disaster, becoming the first sensors by horizontally receiving and transmitting potential relevant 

and geo-located information in the form of text, videos and images in the course of a crisis. 

 

It is also interesting to see how groups of people in disadvantaged countries have often found ways 

to provide assistance and relief by reconfiguring the technology in their hands enhanced by the use 

of social networks through which are able to identify vulnerable groups and ensure the delivery of 

aid which did not use the traditional command and control approach of many humanitarian 

agencies11. 

                                                      

10 Mardy S. (2015). Space Systems for Disaster Warning, Response, and Recovery. International Space University. 
11 Simon T., Goldberg A., Adini B., (2015). Socialising in emergencies – A review of the use of social media in emergency 

situations. International Journal of Information Management 35, 609-619. 
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On the other, despite CPDs has moved forward the adoption of internet based services and in many 

cases in near real time solutions, they traditionally rely on broadcast media and a hierarchical way 

to keep citizens informed, with clearly defined roles and functions, remaining disconnected from 

online and social media platforms. This is determined by a complexity of reasons encompassing 

ownership, privacy, and security issues and information overload, accuracy verification, validation 

problems, also concerned with the penal and civil responsibility upon CPDs on failure in assistance 

derived by misleading citizens’ information, vehiculated through social media.  

National based civil protection agencies are then put at the task to cope with this new challenge and 

opportunity. It is a two levels strategy to firstly empower CPDs with cyber technology assets and 

solutions and to secondly engage informed citizens in crisis response, through the use of the new 

communication and social media. We therefore, needed to understand by interviewing I-REACT 

selected CDPs, representing a diversified civil protection landscape, how, when and to which extend 

I-REACT proposed solution should be designed in order to better fit in their operational procedures 

and protocols. How to get situational awareness able to establish priorities, to perform a realistic 

response plan, and assign resources also by include, to different extent, social media in a process 

which should be carefully structured, managed and tested before implementation.  

As confirmed from the empirical evidence, despite Civil Protection Departments generally distrust 

online social media as a credible information source and a viable communication tool with citizens 

in crises. However, in case of failed or failing communication infrastructures, due to large scale 

disasters, like for instance in Haiti and New Orleans, the option was to rapidly deploy 

communication networks via cellular or WIFI assisted by satellite if necessary, where a citizen centric 

approach emerged. This works for raising awareness to a bidirectional communication path 

between citizens and authorities with supporting documental messages and pictures.  

The dissemination of warning information that helps people take protective measures as well as 

facilitate the coordination of recovery efforts has been studied by scholars by merging ICT and 

economic data with disasters induced fatalities for 120 countries over 1980-2013 time span. The 

emergence of cell phones and the internet over the last 3 decades provides new pathways for 

sharing disaster warning information as well as for communicating in the aftermath of disasters. 

New studies have demonstrated that ICT, with the cell phones variable retains most important 

capacity in reducing disaster-induced fatalities12.  

However, despite the rise in situational awareness which may be increasingly operated by common 

citizens through social media, whether a person receives assistance depends greatly on the 

capabilities of the responders and it seems that the emergence of ICT reduces fatalities only in the 

presence of higher levels of educational attainment and therefore of ICT literacy.  

                                                      

 
12 Toya H., Skidmore M. (2015) Information/Communication technology and natural disaster vulnerability. Economics 

Letters 137, 143-145.  
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In this very understanding the I-REACT international User workshop is not to focus on how the 
technology works rather than how I-REACT solutions may relates to different humanitarian affairs 
and contexts which simply derives from the narratives extrapolated by our end users and Advisory 
board’s members. 

 

We have indeed witnessed how, highly complex and cutting edge technological based solution 

ended up in suboptimal results in several circumstances.  This is in particular true in developing 

countries, where conversely communities have successfully mobilised lower lever of tech solution 

which can brilliantly fit with the situation and the social settings of reference. Here, social media 

and in particular, familiar technology such as Facebook has been used in several humanitarian crisis 

as vehicle of domestic and internal based connections with diaspora groups with their original 

countries, and also consulted or utilised by public authorities and national agencies of reference as 

source of advising and addressing the population.   

It has to be acknowledged that ICT revolution has been progressing at a stunning pace in terms of 

access to mobile solutions and technology with particular emphasis in developing countries. The 

most marginalised part of the population seems to prioritise the use of mobile phones even with a 

considerable impact to their own income. As reported by a study across six countries in Asia and 

Africa, the poorest spend 20% on their total budget in mobile phones. 

With such premises we are going to witness an exponential trend forward with millions of persons 
becoming users of digital devices, in low –middle income countries, without having had prior 
access to computer or laptop. 

 

Therefore, the long discussed digital divide and literacy concept has been nowadays completely 

revised: it is not more related to the access of technology, rather than more internet literacy, locally 

relevant content in appropriate languages, gender13.  

ICT in humanitarian affairs have registered a substantial boost compelled by their capacity in 

providing timely and reliable information which are essential to emergencies and disaster managers. 

But this was not always the case. Humanitarian relief operation in the recent past could rely on scant 

spatial information, not always accessible. As reported by Ivan Baehr the earthquake in Bam Iran in 

2003, which caused the death of between 30.000-40.000 people, the first map available to 

international responders was a hand-drawn map copied from the lonely Planet Traveller’s Guide. 

Despite the time gap from the event in Ban is relatively recent, in the last 13 years, satellite imagery 

and ICT has reshaped the way we deal with natural disaster and information accessible to 

emergency managers and responders14. 

                                                      

13 IFRC (2015). Can your Hear me now? Digital empowerment of local actors chapt. 7 pp. 150-170, in World Disasters 

Report: Focus on local actors, the key to humanitarian effectivness. 

14 Baehr I. (2016) Spatial Information Sharing. Crisis Response 11:3. 
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The international community has itself, since early 2000 moved steps forward the creation of a 

cooperation based regime, under the name of International Charter of Space and Major Disasters. 

This is a no binding institutional setting of sharing the global satellite assets of various owned by 

corporate, national, and international space agencies and, through which satellite-derived 

information and are made available to the United Nations Operational Satellite Application 

Programme  (UNOSAT) for further elaboration and information generation to be handed to United 

Nations Disaster Assessment Coordination (UNDAC)  in support of disaster response efforts entities 

for humanitarian purposes.   

UNOSAT has also put in place a set of solutions which UNESCO deemed necessary to investigate 

under its international cooperation functions. The intention was to further explore foreseeable 

synergies with other UN agencies and programme, in order to shape the potentiality for a later full 

scale exploitation of I-REACT solutions in international humanitarian emergencies and natural based 

crisis scenarios. It was believed that this process could not be triggered at the end of the project 

rather from its early stage, when user requirements are identified and developed in technical 

features. We may possibly figure different scenarios with I-REACT hybridised with other ICT systems 

for DRR, the direct uptake of its whole functions or even a set of simplified ones to be enacted, 

within or beyond the European borders.  

UNOSAT has, for instance, set in place the Live Map function which is a unified on line multiscale 

system of reference compiling information from various sources and partners to one common 

operational picture. Through its projects, UNOSAT also contributes to the development of a mobile 

solution for near-real time sharing of spatial info between disaster management, assessment teams 

and responders in the field. In addition to this UNOSAT and AnsuR, partner of I-REACT, have also put 

in place UN ASIGN app an Advanced global image & sensor communication system for situational 

awareness using crowdsourcing for images and data input to operations centres in near real time 

independent of local infrastructure. The ASIGN app and the UNOSAT Live map were tested and put 

operational after the typhoon Haiyan in the Philippines and more recently in the Nepal Earthquake 

in 2015. UAV and drone technology have also put in place for humanitarian response whenever 

higher resolution images of a limited available areas are required and not available otherwise.   

Nowadays we have also seen the employment of experimental systems based on integrated 

monitoring functions for earthquake monitoring buildings which will automatically provide a 

reliable, near real time assessment of structural condition and damage after disaster especially 

during active response phases.  

By been aware of the new upcoming stream of cyber technologies and innovative ICT derived 
applications in use by the international community in one hand, and have both users and 
conceivers of such innovations among our users/members of the advisory board of the project in 
the other, may induce optimism in expecting I-REACT system to become an operational 
instrument by filling the gap in the interoperability of the above systems in a crisis scenario. 
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It is by its own scope that I-REACT intends to integrate detailed risk assessments, online and real-

time nowcasting and forecasting systems that exploits different data streams including Earth 

Observations (EO), Unmanned Aerial Vehicles (UAVs), crowdsourcing, and social media into a 

resilient platform in support of the whole crisis management. 

1.7 LINK WITH INTERNATIONAL AND EUROPEAN POLICIES 

I-REACT project was conceived in 2015, a crossroad year of three major international UN deals: the 

new Framework for DRR (HFA2), the sustainable Development Goals; the Climate Change 

Agreement, also known as Paris agreement.  

I-REACT scope and related services can be considered in full consistency with such international 

converging trends of mainstreaming DRR policies and practices as a key priority and precondition to 

achieve sustainable development in the age of anthropogenic driven climatic change. The above 

mentioned landmark regimes are also intertwined, since DRR activities are an ineludible ingredient 

in achieving sustainable development. For instance, art. 8 of the Paris agreement spells out the 

importance of DRR in averting, minimizing and addressing loss and damage associated with the 

adverse effects of climate change. This is a call for international cooperation toward action in 

increasing the resilience of communities and reducing risk and damage of extreme weather events 

with early, warning and preparedness measures, among alias.  

The focus on DRR is also echoed by the 2030 Agenda for Sustainable Development, which set in 

place a renewed set of 17 goals and related targets to be achieved in 15 years’ time line in order to 

secure sustainable development for all. A particular and strong reference is made in Goal 13 which 

urges action to combat climate change and its impacts by strengthening resilience and adaptive 

capacity to climate-related hazards and natural disasters in all countries. Further references are 

made in Goal 1: end poverty in all its forms everywhere, by building the resilience of the poor and 

those in vulnerable situations and Goal 11: make cities and human settlements inclusive, safe, 

resilient and sustainable by substantially increase the number of cities and human settlements 

adopting and implementing integrated policies and plans in line with the Sendai Framework for 

Disaster Risk Reduction 2015–2030. 

Despite DRR concept is now translated in key landmark agreements of the United Nations, there 
is concern of the fact that science is not sufficiently employed in DRR policy as expressed from 
the UN International Strategy in Disaster Risk Reduction (UNISDR) echoed by its Technical 
Advisory Group (STAG). 

 

In particular, the STAG has been working to embed a broader approach to disasters which includes 

prevention, mitigation, preparedness, response and recovery. In this respect, it issued the following 

recommendations to:  1. encourage science to demonstrate that it can inform policy and practice;2. 

use a problem-solving approach to research that integrates all hazards and disciplines; 3 promote 

knowledge into action and regard science as the key to the post 2015 framework for DRR (HFA2). 
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The work of the STAG has been then continued to create a Science and Technology Roadmap to 

support the implementation of the Sendai Framework for DRR 2015-20130.  

Since during the negotiation and later on with the Road map, the international community have 

once more recognized the importance of science and technology to reduce disaster risk and 

requested to support the implementation of the priorities for action outlined in this new framework. 

The Sendai Framework for disaster risk reduction 2015-2030, successor instrument to the Hyogo 

Framework for Action 2005-2015, was adopted by United Nations (UN) Member States at the third 

UN World Conference on Disaster Risk Reduction in March 2015. It is a voluntary instrument, 

endorsed by the UN General Assembly, providing a new global approach to disaster risk 

management policy and operations. The Sendai Framework represents a shift in the policy approach 

at the global level from disaster management to disaster risk management.  The goal is to prevent 

new and reduce existing disaster risks, through multihazard and multi-stakeholders approach across 

economic, social, and environmental policy areas, with a view to increase resilience. States, their 

national and local authorities, regional and international organisations and other stakeholders, are 

invited to implement the four priorities of the Sendai Framework and seven Global targets aiming 

at reducing disaster mortality, exposure, damage and loss to economy and assets in UN member 

states and substantially increase DRR governance and the advancement of multihazard early 

warning system and risk information and assessment with a timeline target.  

I-REACT activities are fully in line with the research community’s responsibility to formulate 
applicable methodologies and tools capable to cope with the DRR challenge, behind the times of 
climate change era, and with renewed efforts to promote a general awareness on such solutions. 
In particular, I-REACT incorporate the shift in paradigm of Sendai which emphasizes the need for 
a more integrative DRR process, where scientific data and information and the tangible 
application of technology are critical to the development of well-informed policies and decisions. 

 

I-REACT, as a comprehensive Emergency Management System (EMS), aims at providing decision 

leaders in DRR with a tool capable of integrating existing services according to a multilevel concept 

as stressed out in the Sendai Framework for action, encompassing both local and European level. 

The platform provides assets not only in the response phase but also in understanding and better 

assessing risk by leveraging on online and real-time nowcasting and forecasting systems that 

exploits different data streams including Earth Observations (EO), Unmanned Aerial Vehicles 

(UAVs), crowdsourcing, and social media. The I-REACT EMS is therefore a platform of services which 

would go otherwise disjointed, linking awareness and early warning to effective responses, improve 

in the meanwhile coordination in emergency situations. 

This seems to be in line with the new approach of DRR, which has evolved over the years from the 

management of disasters to a more proactive and systemic risk reduction strategy that seek to 

minimize vulnerabilities in a society by systematically avoiding and limiting the adverse impact of 

hazards.  

Moreover, I-REACT project is consistent with more specific Sendai Framework provisions stressing 

out the importance of using appropriate communications, geospatial and space-based technologies, 
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together with their related services to strengthen the use of mobile phone networks to support 

national measures for successful disaster risk communication, as appropriate and in accordance 

with national laws. 

This compliance does not come by accident, since the European Union (EU) has played a leading 
role in the negotiations of the new Framework and many of the Sendai recommendations are 
based on existing EU disaster risk management policies and programmes, including most of the 
ongoing civil protection, development cooperation and humanitarian aid actions. Moreover, a 
range of research projects has been funded by the EU within the 7th Framework Programme with 
a direct or indirect support to the previous Hyogo Framework for Action, while further actions are 
being developed in the Horizon 2020 Framework Programme for Research and Innovation, which 
have a direct impact on the Sendai recommendation on the science-policy interaction. 

 

Proceeding from this, I-REACT, as an Innovation action project, funded by the EU Commission under 

the DRS-01-2015 - Crisis management topic 1: potential of current and new measures and 

technologies to respond to extreme weather and climate events (http://www.I-REACT.eu/), may be 

considered in its own right a projection of the EU commitment in the global DRR strategy, and more 

in general in line with the international community trends expressed in milestones international 

policy documents and reports which have seen a convergence of role of science and scientific 

innovation in DRR.  

In more specific ways, out of the four Priorities for Action, I–REACT mainly meet two priorities: 

Priority 1: Understanding disaster risk and Priority 4 priority: Enhancing disaster preparedness for 

effective response and to “Build Back Better” in recovery, rehabilitation and reconstruction. 

As far as priority 1 is concerned, the systems aims at offering a support to decision makers by 

understating of upcoming possible disaster through hazard related characteristics risk in term of 

magnitude and exposure to persons, human and natural assets. This can be operated through its 

now casting and forecasting systems for pre-disaster risk assessment, for prevention and mitigation 

along with the development and operationalization of appropriate preparedness and effective 

response to disasters. This is clearly in line with the National and local levels strategy in promoting 

real time access to reliable data, make use of space and in situ information, including geographic 

information systems (GIS), and use information and communications technology innovations to 

enhance measurement tools and the collection, analysis and dissemination of data. 

I-REACT is also in line with the priority one, linked to the Global and regional levels, since the 
international cooperation action performed by UNESCO includes dissemination of scientific and 
technological advances and the sharing with the global communities of users, technological 
community, academia and the private sectors, from local to international level. This includes 
UNESCO’s sister’s programmes and organizations engaged by mandate on dealing with 
international crises and disasters, also in developing countries. 

 

As far as priority 4 is concerned, the identified need to further strengthen disaster preparedness for 

response, take action in anticipation of events, integrate disaster by national and local levels by 

http://www.i-react.eu/
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using I-REACT as an integrated platform for simulation exercises with dedicated scenarios before an 

event strikes. However, I-REACT has been thought to also provide services to support the whole 

crisis management, linking awareness and early warning to effective responses within society and 

coordination with first responders, to gain time and improve coordination in emergency situations.  

The investment done in I-REACT by the EU Commission is meant to get a multi-hazard focused EMS 

capable to social media and hazard-monitoring telecommunications systems, through a 

participatory process, facilitated by the role of UNESCO, aimed at tailoring its technical 

requirements to the needs of users. 

At a more Regional Scale, the European Commission has reported that while several policy initiatives 

are already contributing to implement the Sendai Framework a systematic risk-informed approach 

for all EU policies to meet the Sendai objectives is not in place. Despite this, a hypothetical risk-

informed approach has been devised, consisting of four key areas specular to the four Sendai 

priorities, as it follows:  

1. Building risk knowledge in EU policies 

2. An all-of-society approach in disaster risk management 

3. Promoting EU risk informed investments  

4. Supporting the development of a holistic disaster risk management approach 

By applying this frame, I-REACT system may also be in line with key Area 1 at the European level, – 

Building risk knowledge in all EU policies (Sendai Priority 1 "Understanding disaster risk")  to further 

serve the purpose of EU member states in risk assessments for better preparedness to multiple 

existent and upcoming risks and foremost to comply with engaging the research community to 

better address disaster risk management knowledge and technology gaps and to encourage 

stronger science-policy interface in decision-making. 

I-REACT is also in line with Key Area 4 - Supporting the development of a holistic disaster risk 

management approach (Sendai Priority 4 "Enhancing disaster preparedness for effective response 

and to "Build Back Better" in recovery, rehabilitation and reconstruction") since it facilitates capacity 

of local and national authorities and communities and other actors in managing disaster risk. We all 

know that when disaster strikes, responders must have a clear picture based upon the number of 

person, the extent of the area affected and its damage along with the required resources available. 

These are exactly the figures that I-REACT system may get with its modular although integrated way 

of functioning and user tailor driven conception.  

Moreover, with reference to the EU Strategy on adaptation to climate change, I-REACT can also 
be considered part of the overall EU Commission effort to contribute to the implementation of 
strategy action eight: Bridging the knowledge gap. This is in one hand derived by the fact that I-
REACT is part of the programming of the EU’s 2014-2020 framework for research and innovation, 
with its potentialities to better interface public and private sectors, science and policy makers in 
DRR. On the other, it also contributes in mitigating material cost and human losses, related to 
climate change based disasters, by leveraging on its potentialities both in preparedness and 
response phases. 
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As far as floods, scourge of Europe in the last decades, are concerned, I-REACT, by its conception, 

has been devised to particularly tackle such a hazard, being built upon the legacy of FLOODIS project. 

Through its functions, it is in support of member states being able to reduce the impact of flooding 

and can be included among the measures meant to achieve the objectives of flood risk management 

through dedicated plans which are upon all EU member states, according to the Directive 

2007/60/EC of 23 October 2007 on the assessment and management of flood risks. The directive 

requires the establishment of flood risk management plans coordinated at the level of the river 

basin district, as from article 7, Chapter IV, which states that member states shall establish 

appropriate objectives for the management of flood risks …, focusing on the reduction of potential 

adverse consequences of flooding for human health, the environment, cultural heritage. Moreover, 

flood risk management plans shall also address prevention, protection, preparedness, including 

flood forecasts and early warning systems as it is in the nature of I-REACT holistic approach to all 

DRM cycle.  

I-REACT dedicated and calibrated efforts could possible adapt, with its all or a few of its 

functionalities, to various emergency contests in developing countries. A possible synergy may for 

instance be foreseen with the EU based initiatives both at Regional and Country Level, under the 

ACP-EU NDRR Program to support disaster risk reduction activities in Africa, Caribbean and the 

Pacific (ACP) countries. I-REACT could serve well in advancing ACP countries’ national disaster risk 

reduction agendas, providing tailored-based and demand-driven technical assistance, in particular 

in the target areas of risk identification and assessment and early warning systems and situational 

awareness for Disaster Risk Reduction (DRR) as an overall effort to climate adaptation policy 

development and implementation.  

UNESCO is keen to pursue an agenda of scaling up the possible benefit derived from the use of I-

REACT outside the European borders into a more global perspective of DRR cooperation. Upon this 

specific intention, in line with the international cooperation related task functions performed in the 

project, UNESCO has supported and identified specific stakeholders and advisory board members 

to pursue the above agenda.  
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2 EU EMERGENCY MANAGEMENT SERVICES AND SYSTEMS 

Under the umbrella of the Copernicus programme (http://www.copernicus.eu/) the EU has created 

services and systems in order to support all Member States in improving emergency management. 

In this section, both the early warning and the EO based mapping components of Copernicus are 

briefly analysed in order to outline the baseline on which the I-REACT system will rely to its 

integrations that will be implemented within I-REACT for floods, fires and extreme weather events. 

2.1 EARLY WARNING SYSTEMS 

To face emergencies, the European Commission has realized early warning systems, shared with EU 

Civil Protection Mechanism's participating states, in order to improve natural disasters monitoring 

and alerting to reduce potential damages. In the following paragraphs are described the systems 

related to floods, forest fires and weather warning. 

2.1.1 EUROPEAN FLOOD AWARENESS SYSTEM - EFAS 

Fully operational since 2012, the European Flood Awareness System (EFAS) is one of the longest 

running early warning flood systems in the world that covers such a diverse geographical area and 

boasts so many cooperating partners. It is also the first operational European system monitoring 

and forecasting floods across Europe (https://www.efas.eu/). Today, this early warning system has 

the ability to begin providing warnings up to ten days in advance. This is made possible through the 

four operational centres executing the different parts of the service: 

 The EFAS Computational centre 

 EFAS Dissemination centre 

 EFAS Hydrological data collection centre 

 EFAS Meteorological data collection centre 

The service delivers the needed flood early warning information to the partner National/Regional 

Hydrological Services and the European Response and Coordination Centre (ERCC). Technical 

leadership and development is provided by the DG JRC under the umbrella of the Copernicus 

emergency management service. 

The service is currently not fully open to the public. Flood warnings are only made available to the 

partners (https://www.efas.eu/partners.html) and the ERCC. Currently the historical flood 

information access is being tested (Figure 2-1). It is also expected that in the near future the flood 

warnings produced by the EFAS service will be open especially since it is funded under Copernicus. 

http://www.copernicus.eu/
https://www.efas.eu/
https://www.efas.eu/partners.html
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Figure 2-1: The EFAS European flood archive prototype. 

This sophisticated operational information system is one of the best flood early warning systems in 

the world and is based on many European technical advances including the weather reports 

generated by the European Centre for Medium-Range Weather Forecast (ECMWF). Without this 

service, European flood related damages and deaths would likely be much greater. 

2.1.2 EUROPEAN FOREST FIRE INFORMATION SYSTEM - EFFIS 

Wild fires across Europe continue to threaten life and property and the European forest fire 

information system (EFFIS) provides the necessary information to prepare, mitigate and follow this 

increasingly damaging hazard (http://forest.jrc.ec.europa.eu/effis/).  

EFFIS is a tool that has been established jointly by the European Commission (EC) services 

Directorate General (DG) for Environment and the DG Joint Research Centre (JRC) together with the 

relevant fire services in the EU Member States and European countries. 

The goal of EFFIS is to provide harmonised information on forest fires and assess their effects in the 

pan-European region. For this purpose, collaboration with EU Member States and neighbouring 

http://forest.jrc.ec.europa.eu/effis/
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countries has been on-going since 1998. Today, there are 39 Member Countries cooperating with 

EFFIS. EFFIS computes and shares fire related information such as fire danger indices used to predict 

the degree of danger of fire occurrence and spread across Europe. Figure 2-2 shows a Fire Weather 

Index obtained from EFFIS on Sept 8, 2016. The fire danger forecast of EFFIS generates daily maps 

forecasting 1 to 10 days in advance using numerical weather predictions. EFFIS normally operates 

using meteorological forecast data received daily from three systems, the European Centre for 

Medium-Range Weather Forecast (ECMWF), and the French (MeteoFrance) and German (DWD) 

meteorological services. Since 2007 and after testing different fire danger indices, EFFIS adopted 

the Canadian Forest Fire Weather Index (FWI) System as the method fort the assessment of the fire 

danger level in a harmonized manner throughout Europe. Fire danger, presented at Figure 2-2, is 

mapped in six classes (very low, low, medium, high, very high and extreme) with a spatial resolution 

of about 16 km (ECMWF data), 10 km (MF data) and 36 km (DWD data). The fire danger classes are 

the same for all countries and maps show a harmonized picture of the spatial distribution of fire 

danger levels throughout the EU. 

EFFIS also provides information on fuel moisture and drought conditions. Active fires are detected 

using EO imagery: the MODIS and VIIRS sensors. Temperature differences between the areas that 

are actively burning with respect to neighbour areas allows the identification and mapping of active 

fires. The spatial resolution of the active fire detection system is between 375 m (VIIRS) and 1 km 

(MODIS).  

Access to the data is provided via license which can be found here 

(http://forest.jrc.ec.europa.eu/effis/about-effis/data-license/). The geospatial layers can be 

accessed using WMS and/or requested using a form. The layers are presented at three temporal 

scales: last 24 hours, last seven days, and last 30/90 days. There is also a fire history viewer provided. 

The shared data includes: 

 The current situation - meteorological fire danger maps and forecast up to 6 days, daily 

updated maps of hot spots and fire perimeters 

 Long-term fire weather forecast 

 Fire historical database 

 

http://forest.jrc.ec.europa.eu/effis/about-effis/data-license/
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Figure 2-2: Fire Weather Index obtained from EFFIS on Sept 8, 2016.   

In comparison, the German Weather Service (DWD) offers a national wildfire danger index 

integrating temperature, humidity, precipitation, and wind. It is divided into five classes. The index 

is used by the forest authorities of the different German states. In Bavaria, as soon as level 4 is 

reached (high fire risk), aerial surveys are conducted especially on weekends. At level 5 (very high 

risk), these surveys are daily. This helps in detecting fire and smoke early. In contrast, the state of 

Brandenburg has a sensor system in place with 108 cameras and specially trained personnel 

monitoring continuously 1.1 Mio hectares of forest. When smoke is detected by a camera, an alert 

is sent by one of six wildfire centres to the local fire brigades to extinguish the fire. In Spain, The 

Coordination Centre of the National Forest Fire Information (CCINIF) provides information to public 

authorities and the general public about forest fires. Among those are a daily report about active 

fires and their status, daily fire risk maps and fires statistics. During the summer season and during 

the winter months with increased risk of forest fires, the existing services are reinforced by the 

stand-by aircraft and helicopter transport brigades for reinforcement (BRIF) plus Mobile 

Meteorology and Transmissions Units (UMMT) and Aircraft Communications and Observation 

(ACO), which are distributed throughout the country. 

2.1.3 METEOALARM 

On the European level, weather warnings are issued by the EUMETNET MeteoAlarm service 

(www.meteoalarm.eu). It is a co-operative initiative by more than 30 National Weather Services 

(NWSs) in Europe, and the initiative is strongly supported by WMO (the World Meteorological 

Organization).  

The warnings include the following adverse weather events: heavy rain with risk of flooding, severe 

thunderstorms, gale-force winds, heat waves, forest fires, fog, snow or extreme cold with blizzards, 

file://///hqfs/DFS/sc/Public/DRR/Venice%20Office%20cooperation/★★IREACT★★/6-WP/WP2/T2.1/LATEST%20VERSIONS/www.meteoalarm.eu
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avalanches, and severe coastal tides. The raw data are open and provided though RSS feed, which 

is easy accessible.  

Colour-coded maps show where in Europe the weather is expected to become dangerous. All the 

countries involved in the service have agreed on using similar colour coding based on likely impacts 

and danger. The colour coding is the following: Green: Nothing to worry about; Yellow: Potential 

danger; Orange: Dangerous situation; Red: Great danger due to extremely severe weather.  

An example of such warning is show in Figure 2-3. For each weather variable (e.g. heavy rain or 

snowfall), meteorological “impact thresholds” define the colour to be assigned. These thresholds 

are set by the NWS in charge for the region, and they naturally differ at least to some extent from 

one country (or area) to another. The user gets more detailed information, i.e. at regional level, 

about the expected weather hazard by clicking an area on the map. The warnings cover a 24 hour 

(48 hour) period and are updated several times a day by the NWSs that are responsible for their 

specific forecasting areas. 

 

Figure 2-3 An example of colour-coded warnings in different countries involved in the EUMETNET-Meteoalarm 

service15. 

2.2 EMERGENCY RESPONSE 

Since 2001 in Europe EU Civil Protection Mechanism works on emergency response, fostering 

cooperation among national civil protection authorities. 

2.2.1 COPERNICUS EMS 

As a service module of the European Copernicus Programme for Earth Observation, “Copernicus 

EMS” (formerly known as GIO-EMS, GMES Initial Operations Emergency Management Service) 

mapping products provide to all actors involved in the management of natural disasters, man-made 

                                                      

15 EUMETNET-Meteoalarm www.meteoalarm.eu 

file://///hqfs/DFS/sc/Public/DRR/Venice%20Office%20cooperation/★★IREACT★★/6-WP/WP2/T2.1/LATEST%20VERSIONS/www.meteoalarm.eu
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emergency situations and humanitarian crises with timely and accurate geospatial information 

derived from satellite-based remote sensing. It is completed by available in situ or open data 

sources. The datasets are divided in the following main categories: 

 Floods 

 Earthquakes 

 Landslides 

 Severe storms 

 Fires 

 Technological Disasters 

 Volcanic Eruptions 

 Humanitarian Crises 

 Tsunamis 

 Industrial accidents 

As soon as the service is activated, Copernicus EMS triggers the production of maps to support 

emergency management. The Copernicus EMS service can be used by authorized, associated and 

general public users. Authorized and associated users can activate the service whereas public users 

are not authorised, but can be informed about an event through the web portal.  

Depending on the level of urgency, each disaster category contains two different service modes – 

Rapid Mapping and Risk and Recovery Mapping mode, whereby each service mode contains three 

different map product types, as reported in Table 2-1.  

Type of disaster Floods 

Service mode 
Rapid Mapping Risk and Recovery Mapping 

Map products 
Reference Delineation Grading Reference Pre-disaster Post-disaster 

Table 2-1: Copernicus EMS service modes and map types. 

 

Copernicus satellites, such as Sentinel-1 and commercial satellites, support a wide range of 

applications on hazard forecasting and nowcasting, mapping and monitoring and high resolution 

impact assessment. Satellites deliver information for weather forecasts and other missions offer 

measurements of soil moisture and provide detailed digital elevation models of areas at risk. These 

can serve as the basis for hazard risk simulations and forecasts. During an event, satellite images 

can show the extent of disaster and its progression. In the aftermath, satellites support the creation 

of risk maps showing the disaster extent and the type of damaged land.  
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2.2.1.1 RAPID MAPPING SERVICE 

The Rapid Mapping service consists of the on-demand and fast provision (hours-days) of geospatial 

information. This information supports emergency management activities immediately following an 

emergency event. The service is based on the acquisition, processing and analysis, in rush-mode, of 

satellite imagery and other geospatial raster and vector data sources. The products are standardised 

following a set of parameters the user can choose when requesting the service. The list of activations 

is sorted according to the disaster type and structured according to the activation code, title (event, 

location), date and country of a specific event. For each event it is also possible to create a GeoRSS 

feed or to visualize the event related data in Google Maps.  

Once an event is selected, metadata is used to describe it in more details through the following 

information: 

 Event time (UTC, LOC and flood activation time) 

 Number and type of produced maps 

 Affected country 

 Area description 

 Name of activator (e.g. Italy, Presidenza del Consiglio dei Ministri - Dipartimento della 

Protezione Civile - Centro Situazioni) 

 Activation reason (e.g. Heavy rainfall caused severe floods and landslides in…)  

 Requested product 

The Rapid Mapping service provides three different map products: 

 Reference maps – provide general overview about the affected area of interest  

 Delineation maps – show full disaster extent for a specific time period 

 Grading maps – show magnitude and damage grade caused by event on infrastructure 

An example of activation with the related delineation map is shown in  Figure 2-4: Copernicus EMS 

platform with available raster and vector data for a current flood.. 
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Figure 2-4: Copernicus EMS platform with available raster and vector data for a current flood. 

2.2.1.2 RISK AND RECOVERY MAPPING SERVICE 

This service consists of the on-demand provision of geospatial information supporting emergency 

management activities not related to the immediate response phase. This service addresses 

prevention, preparedness, disaster risk reduction or recovery phases (product delivery in 

weeks/months). Given the wide variability of situations to be addressed, the user may request Risk 

and Recovery Mapping products in two ways: 

 Choosing from a pre-defined set of detailed topographic features (in particular regarding 

infrastructures) and disaster risk information (hazard, exposure, risk). This allows having a 

standard base structure 

 Describing in free text the information needs specific to the given situation and type of 

product wanted. This allows including a wide range of optional information layers, 

depending on the user’s needs 

The maps of the Risk and Recovery Mapping can be divided in the following categories: 

 Reference maps – provide general overview about the affected area of interest 

 Pre-disaster situation maps – thematic map before the event, helps regional planning and 

identification of damage 

 Post-disaster situation maps – thematic map after the event, helps regional planning and 

identification of damage, supports change detection analysis and vulnerability assessment 
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Figure 2-5: A reference map of Salzburg produced as part of the Risk and Recovery Mapping service. 

Usually the delivery of these products can last up to 8 weeks. 

Risk and Recovery Mapping services (see Figure 2-5) can only be requested by Authorised Users, 

while Associated Users have to contact their focal point in order to trigger the service. The service 

also allows the provision of tailored information related to the specific event and to the relevant 

crisis management cycle phase, e.g. 

 land use zoning plans (risk maps used to assess different effects on land use, settlements 

and infrastructure) 

 mitigation measures (to limit the consequences of floods and to improve flood awareness 

among the population) 

2.2.2 CIVIL PROTECTION MECHANISM 

In Europe, the Civil Protection is organized nationally. Each country has measures in place to assist 

its citizens in case of civil emergencies. However, disasters are not bound to borders and a single 

event can affect several countries (e.g. a flood). To coordinate a response to such events on 

European level the EU Civil Protection Mechanism (EUCPM) was established in 2001. The 

coordination and cooperation on EU-level aims at avoiding a duplication of efforts ensuring that 

assistance reaches people in need rapidly and effectively. It also offers assistance when a disaster 

event overwhelms a country’s own response capacity. In such case, other European countries can 

provide assistance through the EUCPM.  

Today, 34 countries are members of the EUCPM. They include 28 EU Member States, Iceland, 

Montenegro, Norway, Serbia, the former Yugoslav Republic of Macedonia and Turkey. The EUCPM 

not only assists during European crisis and not only on its Member States territories but can also be 
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triggered by any other country in the world. Since its establishment it has received more than 200 

requests for assistance.  

The operational centre of the EUCPM is the Emergency Response Coordination Centre (ERCC) in 

Brussels, Belgium. The centre monitors emergencies globally on a 24/7 basis and coordinates the 

fast deployment of intervention teams and equipment (e.g. search and rescue teams and specific 

medical and technical equipment), provided through Member States. To further enhance the 

European disaster preparedness, European countries created the European Emergency Response 

Capacity (EERC) in 2014, as part of the EU Civil Protection Mechanism. The EERC brings together a 

range of relief teams, experts and equipment. Participating states make them available and keep 

them on standby for EU civil protection missions all over the world. This voluntary pool allows for a 

faster and more effective EU response to disasters and it ensures better planning and coordination 

of EU operations. 

Besides the direct assistance in the field, the EUCPM offers training exercises to its members’ civil 

protection staff. Moreover, communication and information systems are provided through the web-

based Common Emergency Communication and Information System (CECIS). The alert and 

notification system allows real time exchange of information between participating states and the 

ERCC. The ERCC uses a large number of monitoring tools supporting the forecasting and 

management of disasters. They include three systems developed by the JRC: the European Flood 

Alert System (EFAS), the European Forest Fire Information System (EFFIS), the Global Disaster Alerts 

and Coordination System (GDACS). Meteoalarm is a platform offered by the European 

meteorological services and an agreement with the European Mediterranean Seismological Centre 

(EMSC) allows quick earthquake detection in the Mediterranean. A cooperation with the 

Intergovernmental Oceanographic Commission (IOC-UNESCO) aims at establishing a tsunami 

warning system for the North Atlantic and the Mediterranean.  

Recent EUCPM activations were during the forest fires in Portugal and flash floods and landslides in 

the former Yugoslav Republic of Macedonia in August 2016. 

2.3 INTEGRATION OF EU SYSTEMS WITHIN I-REACT 

I-REACT will implement a tight integration with both the Copernicus EMS mapping service and Early 

Warning systems, i.e., EFAS and EFFIS.  

I-REACT is subscribed to the GeoRSS feed of Copernicus EMS, and consequently the service will be 

notified about new event activations or when new maps are published on the Copernicus EMS 

website. All metadata available within the GeoRSS feed will be ingested, together with the available 

map data published in the compressed .zip package. All maps will be inserted into the I-REACT GIS, 

and used to deliver maps to end-users both through the web-based Decision Support System and 

mobile technologies according to the end-user needs. In order to realize such integration, the 

outcomes of the FLOODIS project will be reused, and extended to integrate all maps produced by 

Copernicus EMS under any of the supported hazards. 
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For delivering these data to the user, OGC (Open Geospatial Consortium) Web Services represent 

standards that are perfectly suited to fulfil the requirement of compatibility, but also scalability. At 

a minimum, the Web Mapping Service (WMS) would be the first access mechanism for users 

wanting to view the information available through I-REACT for their area of interest and/or event of 

interest. The WMS standard is widely used for delivering maps and is able to scale based on the 

dynamic user loads. Other OGC web services, such as the Web Features Service (WFS) that provides 

geographical features and/or the Sensor Observation Service (SOS) to provide sensor web data 

could also be provided if the users request it. 

I would like to write that I-REACT will implement an extreme weather event detection that will 

improve the spatial resolution with respect to the Meteoalarm. Part of the research being done 

within the context of the I-REACT project will be to improve extreme weather event detection. The 

current spatial resolution of the Meteoalarm is fairly coarse, i.e. regional, and does not actually 

detect extreme events but rather forecasts the possibility of such events based on weather 

conditions and warns the public to behave accordingly. The different specialities of the I-REACT 

partners will be leveraged in order to research, develop and test a system capable of detecting 

extreme events at better than regional scale to complement the Meteoalarm.  

The specification of the Copernicus EMS, the EFAS, and the EFFIS integration will be finalized within 

WP3, and detailed in [RD03]. 
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3 HAZARD PROFILES 

According to data from the European Environment Agency (EEA), in Member States the extreme 
weather (storm, windstorm) and climate (extreme temperature, drought, wildfire) events 
accounted for 90% of total reported disaster events, and around 82% of the total damages over the 
period 1980-2013.  

Figure 3-1 shows all the loss-relevant natural events over Europe during the period 1980-2010. 
While heat waves, droughts, wildfires and earthquakes have been major perils in Southern and 
South-eastern Europe, it is floods and storms that have cause relevant losses in Western and Central 
Europe. In terms of statistics, in the NatCatSERVICE16 database 4100 natural loss events in Europe 
have been registered since 1980. Of these, 91% were attributed to weather-related phenomena 
(41% related to storms of all kinds). 

 

Figure 3-1 Distribution of loss-relevant natural extreme events in Europe 1980–2010. 

 

                                                      

16 NatCatSERVICE www.munichre.com/natcatservice 

https://mobsolutions.polito.it/owncloud/remote.php/webdav/Projects/I-REACT/Working/WP2/T2.1%20Multi-Hazard%20Requirements/www.munichre.com/natcatservice
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I-REACT will implement an extreme weather event prediction and early-warning framework that 
will complement and improve upon the time-space resolution of existing regional scale EU level 
services like Meteoalarm. 

 

According to the Emergency Events Database (EM-DAT)17, in Europe disasters caused by natural 
hazards accounted for around 143k causalities and up to 224 billion € of overall economic losses 
between 1998 and 2015, as reported in Table 3-1.  

Hazard Type Nº  of recorded events Total deaths 
Nº of people affected 

(million) 
Total Damage 

(billion $) 

Flood 424 2114 9,58 1055,02 

Storm 260 1214 7,89 716,44 

Extreme temperature  207 143132 1,39 152,35 

Wildfire 66 352 1,28 110,76 

Earthquake 47 2597 0,47 314,89 

Landslide 26 634 0,02 13,30 

Drought 22 2 1,28 126,38 

Volcanic activity 3 0 0,00 0,20 

Total 1055 150045 21,91 2489,33 

Table 3-1: Disasters caused by natural hazards in Europe between 1998-2015  

Flood is the biggest hazard in terms of total economic damage, followed by storms, while the 

deadliest hazard is extreme temperature, followed by earthquake and flood. Wildfires are less 

impacting (ranking fourth in affected people), however there is a growing concern due to climate 

change, which is driving up temperatures and increasing wildfire risk. The wildfires season is getting 

longer and they are projected to burn more land as temperature continue to rise. Climate change 

effects and extreme weather events, such as heavy storms and heat waves, do not only drive up 

floods and fires, but they also represent a possible trigger for other natural hazards, such as 

avalanches, landslides18 and droughts, while no widely recognized scientific prove exist about the 

causality of such effects on volcanic eruptions and earthquakes. 

I-REACT aims at tackling the most frequent and impacting hazards, with a focus in weather and 

climate related ones. In consideration of the technologies and the approaches proposed within 

the I-REACT project [RD01], and given the expertise present in the consortium, the primary 

hazards considered are floods, wildfires and extreme weather events, including storms and 

extreme temperatures (heat waves). I-REACT will contribute to make society more resilient in 

dealing with this natural hazard group, which accounts for the 91% of events, the 98% of deaths, 

the 92% of affected people and the 82% of total economic losses. 

                                                      

17 EM-DAT, 2016 
18 M.J. Crozier (2010). Deciphering the effect of climate change on landslide activity: A review, Geomorphology, Volume 

124, Issues 3–4, 15, Pages 260-267 
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In this Section, the I-REACT primary hazards are analysed in more details with respect to their 

phenomenology and statistics at EU level. Also, for each hazard the emergency management 

process is briefly analysed based on the past knowledge of the consortium partners, including 

considerations borrowed from the outcomes of previous EU projects. This analysis is aimed to 

outline the I-REACT contributions for each hazard, and to finally map the use of the proposed ICT 

solutions in the different hazards and throughout the emergency management cycle. 

Droughts, landslides and earthquakes, are considered secondary targets and they will not be fully 

addressed the project. However, some functionalities will be designed to be ready – or easily 

extendable to hazards which are briefly analysed in Annex A. 

3.1 EXTREME (HIGH-IMPACT) WEATHER EVENTS 

The conception and meaning of terms and phrases depicting the harmful and destructive effects 

caused by adverse weather events are neither uniquely and generally understood nor are they 

always obvious. There are several seemingly analogous words and terms which, however, may have 

a somewhat similar meaning in different contexts. These terms can address the severity, extremity, 

harshness, rarity, or impacts of adverse weather events quite disparately and from different 

perspectives. “Adverse weather” can be addressed as “atmospheric conditions at a specific time 

and place that are highly unfavourable to a particular target sector which is vulnerable to such 

conditions “.  

I-REACT deals in essence with floods and fires and it is quite obvious that adverse weather 

conditions play a significant role in their context. Nevertheless, there needs to be a clear 

distinction between common or recurrent weather events like rain, snow, wind, etc. as opposed 

to severe, extreme or rare weather events like heat waves, snow storms, hurricanes or tornadoes, 

which all can have high impacts on all sectors in society. 

 

An exhaustive summary on definitions of weather related terminology is elaborated by 

Stephenson19 . This is only a brief summary of the following four terms, all of which are characterized 

by strong multi-dimensionality in meteorology: 

1. Severe weather event 
2. Extreme weather event 
3. Rare weather event 
4. High-impact weather event 

 

                                                      

19 Definition, diagnosis, and origin of extreme weather and climate events. In: “Climate Extremes and Society”, R. 

Murnane and H. Diaz (Eds), Cambridge University Press, 348 pp, 2008 



 
Improving Resilience to Emergencies through Advanced Cyber Technologies 

 

  

 

Project: I-REACT Report on Multi Hazard requirement analysis Deliverable ID: D2.1 
Grant Agreement: 700256   Call ID: H2020-DRS-1-2015 Page: 38 of 101 

 

(1) “Severe” is defined in dictionaries/thesauruses as adjective meaning “rigorous; violent; very 

strict; unsparing; hard to endure; and inflicting (physical) discomfort”. Severe weather events can 

cause losses of human lives, monetary losses or have destructive effects on the environment. Severe 

events can be estimated by analysing expected long-term losses (risk analysis). The probability of 

the event then needs to be known as well as the level or extent of exposure to the event (e.g. 

number of exposed people). The severity of an event is a function of both the meteorological event 

itself and the state of human affairs affected by the event. For example, in the transport sector, 

increased transportation volumes will lead to increased exposure to meteorological features 

affecting the transport. 

(2) “Extreme” may be defined as adjective “exceeding the ordinary, usual or expected; having 

highest limit or degree; or being outermost; greatest; stringent; or very violent”. Extreme events 

will often cause large damage or consequences to the society. For example, flash flooding can result 

from extremely heavy local rainfall, whereas flooding over large spatial areas typically relates to 

large amounts of rain during an extended time. Falling down of electricity lines, on the other hand, 

may result from heavy snowfall or forceful winds. Very low temperatures will increase energy 

consumption and also prevent outdoor activities, whereas extremely high temperatures can cause 

notorious health effects. An extreme event can be defined as having an all-time maximum value 

and/or exceeding a pre-measured high (or low) threshold. Extreme events are generally also rare 

events, e.g. having a one per cent (1 %) probability of occurrence during a given time period at a 

given location. 

(3) “Rare” is adjective meaning “uncommon; unusual; infrequent; seldom occurring or found”. Rare 

events have a low probability of occurrence (e.g. 0.1 %). Rare events often cause large damages, 

because the society and the environment are not adapted to them. Hence, despite rarity, high 

vulnerability can lead to large losses.  

(4) “High-impact” is defined in dictionaries/thesauruses as noun “having shocking or striking effect 

or influence”. High-impact meteorological events are typically also severe events. It is common to 

make a separation based on time scales, i.e. between short-duration and long-duration weather 

events. Examples of high-impact events with a relatively short life cycle are rapidly moving strong 

cyclones, or convection-generated heavy precipitation cells associated with strong vertical air 

motions, or rapid freezing of the road surface due to the cooling of the lowest atmospheric surface 

layer resulting from outgoing long-wave radiation. An example of a long-duration weather event is 

the so-called blocking high pressure over a large area, typical for the northern hemisphere 

springtime, which can give rise to a prolonged heat wave and draught. The monsoon circulation is 

another example of a long life cycle high-impact weather phenomena in the tropics. The World 

Meteorological Organization (WMO) prefers the usage of the term “high-impact” against “severe” 

to cope for events covering all time scales. 

The most common adverse weather phenomena are: 

 Precipitation, or rainfall (rainfall intensity or accumulation causing flooding; rainfall type 

(rain, snow, freezing rain, sleet)) 

 Visibility (affected by fog; heavy rainfall or snowfall; drifting snow, dust, smoke, haze) 
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 Temperature (low or freezing temperature causing slipperiness; high temperature causing 

heat waves) 

 Wind (high wind speed; strong cross-traffic wind speed 

 Humidity (formation of hoar frost causing slipperiness) 

These variables follow a continuous statistical distribution. They are often, however, transformed 

into binary values meaning that the so defined events will either happen or not, e.g. there is heavy 

precipitation or there is not. They can also be considered as multi-category events, e.g. precipitation 

can be stratified into several mutually exhaustive categories, where one of the categories might be 

a rare or extreme event category. 

The following Figure 3-2 visualizes as an example the interpretation of the terminology. The two 

histograms show the frequency of observations (y-axis) as a function of temperature (x-axis) in 

Sodankylä, Finland (left) and at a hypothetical location (right). The message is that the temperature 

range of plus/minus one degrees can always have high-impacts due to associated slipperiness, but 

can be either common like in cold Finnish climate (left) or a relatively rare event (right). 

 

Figure 3-2: Left: Real 50-year temperature data distribution in Sodankylä, Finland. Right: The temperature scale (x-

axis) has been shifted using the same data to illustrate potential/hypothetic conditions in a warm climate. 

Adverse weather events affect society in many ways. Different transport modes are vulnerable to 

various high impact weather phenomena, and these issues were studied in the EU FP7 projects 

EWENT (2009-2012) and MOWE-IT (2012-2014). Impact thresholds for different weather events 

were defined In the EWENT project ( 
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Table 3-2).  

 

 

 

 

 

 

 

 

 

Table 3-2: The impact thresholds for different weather events affecting transportation, defined in the FP7 EWENT 

project20 21. Abbreviations: Rs = snowfall amount, Tmean = daily mean temperature, Tmax = daily maximum 

temperature, R = rainfall, WG = 3-second wind gust. 

With these thresholds it was possible to make Europe-wide analysis of the frequencies of different 

harmful weather phenomena in the “present” and future climates by making use of climate models. 

The ongoing FP7 project RAIN (2014-present) studies the impacts of adverse weather events on 

critical infrastructures (especially transportation, energy and telecom sectors). The investigations 

include e.g. comprehensive interviews of stakeholders as well as weather service personnel. The 

outcome of these previous projects is utilized here, especially the results from RAIN Milestone, 

M2.1: “List of Definitions and Thresholds”, and RAIN Deliverable, D2.2: “Past Cases of Extreme 

Weather Impact on Critical Infrastructure in Europe”.  

This initial definition of extreme weather event detection will be further expanded in Task 4.1 

“Weather Forecast Models”, where differentiated threshold will be set for each region in order to 

identify high impact events.  

3.1.1 HAZARD DESCRIPTIONS AND STATISTICS 

Precipitation - Heavy rainfall 

Precipitation/rainfall is a meteorological variable which can have large variations in intensity, spatial 

extent, and duration. Two major factors are essential in the formation of heavy rainfall: (a) there 

must be enough water vapour in the atmosphere (b) some processes must trigger the onset of 

                                                      

20 Vajda A., Tuomenvirta H., Jokinen P., Luomaranta A., Makkonen L., Tikanmäki M., Groenemeijer P., Saarikivi P., 

Michaelides S. Papadakis M., Tymvios F., Athanasatos S. (2011). Probabilities of adverse weather affecting transport in 

Europe: climatology and scenarios up to the 2050s. Reports 2011:9, Finnish Meteorolological Institute. 85 pp. 
21 Vajda A., Tuomenvirta H., Juga I., Nurmi P., Jokinen P., Rauhala J. (2013). Severe weather affecting European transport 

systems: the identification, classification and frequencies of events. Natural Hazards, DOI 10.1007/s11069-013-0895-4. 

Events Thresholds 

1st 2nd 3rd 

Snowfall Rs ≥ 1 cm/24h Rs ≥ 10 cm/24h Rs ≥ 20 cm/24h 

Cold spell Tmean ≤ 0 °C Tmean ≤ -7 °C Tmean ≤ -20 °C 

Heat wave Tmax ≥ 25 °C Tmax ≥ 32 °C Tmax ≥ 43 °C 

Heavy 
rainfall 

R ≥ 30 mm/24h R ≥ 100 mm/24h R ≥ 150 mm/24h 

Wind gust WG ≥ 17 m/s WG ≥ 25 m/s WG ≥ 32 m/s 

Blizzard Rs ≥ 10 cm/24h, Tmean ≤ 0 °C, WG ≥ 17 m/s 
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rainfall.  Large-scale extreme summertime precipitation in Central Europe is typically associated 

with Mediterranean cyclones traversing into Central Europe. During winter, westerly or north-

westerly airflow associated with strong cyclonic activity over Northern Europe is one key factor for 

heavy precipitation events. Strong convection associated with local cyclones is a typical feature in 

the Mediterranean during winter. Some of the processes triggering the onset of precipitation 

include frontal systems, convective instabilities, orographic forcing and cut-off lows. Convective 

precipitation is often associated with small-scale short duration extreme events leading to flash 

floods, while precipitation associated with frontal systems is more widespread, typically lasts longer 

and can result in large-scale flooding.  

Heavy precipitation and flooding commonly affect the road and railroad networks22. Extreme 

precipitation can also trigger landslides. Large-scale, long-lasting precipitation events will also result 

in increases in river discharge. High water levels can reach even areas which are not directly affected 

by rainfall (floods and landslides are covered in more detail later in this document). 

A statistical analysis of extreme rainfall events shows that the intensity (water amount in unit of 

time) decreases with increasing duration, while the rainfall accumulation increases with duration. It 

depends on the individual infrastructure elements whether rainfall intensity or accumulation is 

more relevant. Heavy precipitation associated with large-scale low pressure systems can be 

forecasted quite well several days ahead with present Numerical Weather Prediction (NWP) models, 

enabling thus provision of early warnings in a 2-5 day time range. The lead time to forecast (and 

provide warnings against) convective heavy rainfall events is shorter due to their local and typically 

short-lived character.  

 

Windstorms 

Most of the widespread windstorms hitting Europe are caused by severe extratropical cyclones and 

occur mostly during the winter season (Note: Convective windstorms are discussed in the following 

section). The cyclones form and grow in a baroclinic environment, i.e. in a region of strong 

meridional (north-to-south) temperature gradient resulting from differential heating by the sun 

between the equator and the poles. Extreme cyclones that affect Europe usually form over the 

North Atlantic and intensify when approaching Europe. Such regions of enhanced cyclone activity 

are commonly referred to as storm tracks. The strongest surface wind speeds within extratropical 

cyclones are typically located to the south of the surface pressure core or minimum, and the 

strongest gusts are related to the passage of frontal zones separating colder and warmer air masses 

of the cyclonic system. 

 

                                                      

22 Leviäkangas P., Tuominen A., Molarius R., Kojo H., Schabel J., Toivonen S., Keränen J., Ludvigsen J., Vajda A., 

Tuomenvirta H., Juga I., Nurmi P., Rauhala J., Rehm F., Gerz T., Muehlhausen T., Schweighofer J., Michaelides S., 
Papadakis M., Dotzek N., Groenemeijer P. (2011). Extreme weather impacts on transport systems. VTT working papers 
168: 119 p. Available at: http://ewent.vtt.fi/Deliverables/D1/W168.pdf 

 

http://ewent.vtt.fi/Deliverables/D1/W168.pdf
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Windstorms can affect large areas and are responsible for high number of casualties and economic 

losses adding up to several billion euros annually. Typical direct effects of extreme winds are the 

falling of trees and loosening of rooftops, hence damaging critical infrastructures. For example, the 

storm Kyrill affected large parts of Europe in January 2007. Kyrill caused hurricane-force wind 

speeds, which destroyed around 75 million trees.  Falling trees and overturning of trucks along 

highways will lead to disruptions in road and railway transportation. Another example is storm 

Gudrun, which affected large parts of Sweden in January 2005. The fallen trees had serious effects 

on the transportation system and power supply. The train connection between Stockholm and 

Malmö was closed for 12 days after the storm and power cuts impacted over 600 000 people.  

In order to calculate the strength of storm, the XWS 'eXtreme Wind Storms' catalogue was created 

in a project in collaboration between the UK Met Office, University of Exeter, University of Reading 

and the National Centre for Atmospheric Science (NCAR). The catalogue is intended to be a resource 

for both academia and the (re)insurance industry. 

Many countries have regulations for wind loads on buildings and structures basing on a 50-year 

return period of extreme wind speed. In Germany, as an example, the 50-year return levels vary 

from 22.5 m/s in the southern regions to 30 m/s in the coastal areas. The reference wind speed used 

is the 10-minute wind speed average over an open landscape.  

Convective windstorms 

Strong winds that occur in association with convective storms (thunderstorms) should be 

considered separately from large-scale windstorms, since they are typically present at smaller time 

and spatial scales and are formed by different processes. Strong winds associated with 

thunderstorms can be very local and are typically related with winds blowing down and out of the 

storm rather than into the system. They are often classified as microbursts or microbursts 

depending on the dimensions of the affected area. The main driving force behind convective wind 

gusts is the evaporation of precipitation that the storm produces, which cools the air through which 

the rain is falling.  Typically, wind gust speeds in the range of 30–40 m/s occur with these violent 

convective systems, but even speeds in excess of 50 m/s have been observed occasionally. 

The convective windstorms can have huge impacts on infrastructure. A severe system with wind 

speeds of up to 40 m/s struck the highly populated Ruhrgebiet area in western Germany on 9 June 

2014. The windstorm caused severe damage on the rail infrastructure, and also major motorways 

and urban street networks were blocked by fallen trees. Moreover, the mobile phone experienced 

disruptions. One important aspect of convective wind storms is that they occur mostly during the 

summer season when trees have leaves and are thus more vulnerable to wind force. A good example 

is a thunderstorm that occurred in Finland on 5 July 2002.  The extent of the wind damage area was 

about 450 km and one million m3 of trees were blown down in the numerous downbursts along the 

stretch of the storm. 

 

The World Meteorological Organization (WMO) definition for wind gusts in convective windstorms 

is the 3-second wind speed average at a 10-meter height above the ground. Minor damages usually 
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start occurring around 25 m/s (90 km/h), and damages become more serious at and above 33 m/s 

(117 km/h) wind speeds. 

 

Tornadoes 

A tornado (waterspout) is a vortex between a convective cloud and the earth surface and with winds 

being strong enough to cause damage to objects. Tornadoes can be visible by condensation of water 

(a funnel cloud) and/or by material being lifted off the underlying surface, and they vary in intensity 

and size. Weak tornadoes can occur with relatively benign cumulus clouds, whereas strong 

tornadoes occur almost exclusively with supercell storms. Supercell storms are convective storms, 

which encompass a deep, persistent, rotating updraught or mesoscale cyclone. Tornadoes, in 

particular strong ones, are relatively rare phenomena. However, they do occur throughout the 

Europe as reported by the European Severe Weather Database (ESWD) of the European Severe 

Storms Laboratory (ESSL).   

The necessary conditions for the initiation of strong tornadoes include sufficient atmospheric 

instability and low-level humidity to allow for strong thunderstorms and specific wind conditions 

especially in the lowest kilometre above the ground. The climatological tornado distributions show 

that the most favourable conditions in Europe occur during summer in the western, central and 

eastern parts of the continent and in the autumn in the Mediterranean. Strong tornadoes occur 

occasionally also in connection with wintertime windstorms. 

 

Tornadoes have great destructive potential, because of their accompanying extreme wind speeds, 

with houses and buildings often destroyed as well as other severe local damages on critical 

infrastructures. The worst-case scenario would be that of a violent tornado passing through densely 

populated areas. Consequences for the critical infrastructures of a major European city would be 

very large, roads be blocked and telecommunication networks overloaded hampering emergency 

response actions. 

 

Tornado intensity can hardly ever be measured directly, because only few wind measuring 

instruments (anemometers) withstand tornado force winds, and specific Doppler-wind radar 

measurement networks do not have adequate spatial resolution to resolve the tornado-scale 

circulation. Therefore, tornado intensity is usually assessed basing on damage caused. There are 

several damage scales in use worldwide, the most common ones being the Fujita, Enhanced Fujita 

and T scale.  

Hail 

Hail is a form of precipitation consisting of small ice pieces with a diameter of over 5 mm. Hailfall 

occurs in strong convective storms, which often produce lightning (thunderstorms). Hail formation 

takes place in strong updraughts of a storm cloud at altitudes where temperature is below freezing 

and can be even -40 °C. Graupel (soft hail, snow pellets) can form when supercooled droplets of 

water are collected and freeze on falling snowflakes, forming 2–5 mm particles. The ultimate size of 
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hail stones is strongly determined by the updraught speed, because the stone will start losing 

altitude as soon as its fall speed exceeds it. The fall speed of hailstones is c. 15 m/s for a 1 cm 

diameter hailstone, 30 m/s for a 5 cm hailstone and 45 m/s for a 10 cm hailstone.  

The larger the hailstone and its associated fall speed, the greater the damage potential. The 

economic impacts can be enormous. Two hail events in July and August 2013 in Germany produced 

jointly the highest insurance compensations of any natural disaster in 2013 (according to Munich 

RE, 2014). Most of the damages were caused to building roofs and facades and to vehicles. Car 

damage can occur when hailstone diameter exceeds 3 cm, whereas roof damages require hails 

larger than 4 cm. In addition, high accumulations of hail can cause obstruction of drainage channels 

and thus enhance the risk of flooding. Hail also poses a risk to aviation causing potential damage if 

an aircraft encounters large hail during the flight. For example, an aircraft was badly damaged during 

its flight from Stockholm to Helsinki on 21 July 2001 when flying through an intensive hailstorm at a 

height of 4600 m when approaching Helsinki. 

 

Lightning 

Lightning is a transient, high-current electric discharge with path lengths of the order of kilometres. 

Lightning strikes are characteristic for thunderstorms associated with deep convective 

(cumulonimbus) clouds. Large amounts of water vapour condense to water droplets and ice crystals 

in the strong updraughts of these clouds causing growth of graupel particles up to 5 mm in size. The 

graupel particles become positively and negatively charged when they collide with smaller ice 

crystals. The ice particles are carried to the upper parts of the cloud, whereas the larger graupel 

particles tend to fall downward rendering the top of the cloud positively charged and the lower part 

negatively charged. Lightning events follow as discharges occurring within the resulting electric 

fields, both within the cloud (intracloud) and between the cloud base and the earth surface.  

Lightning safety issues have great impacts on air transport, since all airport ground operations must 

be halted whenever there are thunderstorms in the vicinity leading, together with re-routing, to 

costly delays. Also, when lightning hits an aircraft it has to land for inspection. Lightning strikes are 

an important contributor to outages in electricity grids. 

Snowfall and snow storms (blizzards) 

Snowfall is precipitation in a solid (crystal) form occurring typically in temperatures below 0°C and 

is connected with wintertime cold air masses. Snow accumulation can be 10 cm or even much more 

in heavy snowfall conditions. Heavy snowfall accompanied by strong wind gusts can lead to a 

blizzard. Snow accumulation on the ground commonly leads to traffic and transport disturbances. 

Heavy snowfall events (≥10 cm) occur mostly in the northern parts of Europe like in the Scandinavian 

countries with an average frequency of 5-20 days per year. However, the most affected areas are 

the Alps, the Scandinavian mountains and Iceland having average annual frequency of 45-55 days. 

Heavy snowfall events are rarer in central and southern Europe, where the probability is somewhat 

higher in the east than in the west.  



 
Improving Resilience to Emergencies through Advanced Cyber Technologies 

 

  

 

Project: I-REACT Report on Multi Hazard requirement analysis Deliverable ID: D2.1 
Grant Agreement: 700256   Call ID: H2020-DRS-1-2015 Page: 45 of 101 

 

Heavy snowfall covering large areas are usually associated with low pressure systems. The heaviest 

snowfall is often observed in the cold air mass, on the northern side of the low pressure centre or 

just ahead of the approaching warm frontal zone. Rising upward air motion due to orography (hills, 

mountains) can strengthen the precipitation. Snowfall is in some cases a result from convection in 

a cold air mass, but the event has then usually a more localized character. In the coastal areas dense 

snow showers can form over the adjacent open sea water (sea-effect snow). 

Snowfall reduces road surface friction and visibility increasing the risk for road accidents. Severe car 

pile-ups have occurred under such conditions, for example in the Czech Republic and Austria in 

March 2008. Similar severe snowfall induced car pile-ups occurred in the Helsinki metropolitan area 

on 17 March 2005 and on 3 February 2012. Hundreds of cars were crashed and dozens of people 

injured in both cases, and three people died in the March 2005 event. The traffic gets paralyzed in 

large areas during these kind of events. The removal of crashed vehicles can take several days, and 

the post-event investigations and evaluation leading to reparation of vehicles as well as insurance 

claims will take a lot of time.  

If a rare heavy snowfall hits a metropolitan area in western Europe the impacts can be substantial. 

A prime example was the snowfall in the UK in early February 2009. A 10 cm snow accumulation 

resulted in the closure of the Heathrow airport and stopping of the London buses resulting in 

massive traffic jams and delays. The total costs in lost working time were estimated at 1.3 billion 

pounds. 

In the case of a blizzard, heavy snowfall and blowing snow due to strong wind gusts will effectively 

reduce visibility and simultaneously the grip on the pavements becomes poorer resulting in 

disruptions in road and air traffic. Likewise, rail transport may run into problems as rail points may 

get stuck due to blowing snow. Trees may fall on the roads, rails and electricity lines due to the gusty 

winds. A blizzard hitting southern Finland caused a snow accumulation of 20-30 cm in 24 hours and 

wind gusts up to 27 m/s on 23 November 2008. The event resulted in double and locally even 

fourfold amount of car accidents. Wide electricity cuts occurred, too, the number of households 

affected by power failures being more than 40 000. Also some building damage occurred, mostly 

detached roofs and falling scaffoldings. 

Heat waves 

Lass et. al (2011)23 define a heat wave as “a prolonged period of excessively hot weather, which may 

be accompanied by high humidity”. However, as Souch and Grimmond (2006)24 and Robinson 

(2001)25 point out, there is no universal definition of a heat wave, because this phenomenon is 

related to the usual weather in the area. The definition given by the World Meteorological 

                                                      

23 Lass, W., Haas, A., Hinkel, J., Jaeger, C. (2011). Avoiding the Avoidable: Towards a European Heat Waves Risk 

Governance. International Journal of Disaster Risk Science, 2 (1): 1–14. doi:10.1007/s13753-011-0001-z. 
24 Souch, C., and S. Grimmond. (2006). Applied Climatology: Urban Climate. Progress in Physical Geography 30 (2): 270–

79. 
25 Robinson, P. J. (2001). On the Definition of Heat Waves. Journal of Applied Meteorology 40 (4): 762–75. 
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Organization takes into account this variability: “a heat wave occurs when the daily maximum 

temperature of more than five consecutive days exceeds the average maximum temperature by 5 

Celsius degrees (9 Fahrenheit degrees), the normal period being 1961–1990”26.  

The most evident effect of heat waves on the population is the rise in morbidity and mortality 

associated with heat-related illnesses. Furthermore, the rise in mortality triggered by heat waves 

occurs within one or two days of the temperature rising: hence, the time period necessary to 

effectively face a heat wave is very short (see Figure 3-3). 

 

Figure 3-3: Temperature-mortality relative risk functions for 11 US cities, 1973–1994.27  

In general, a U- or V-shaped relationship exists between daily mortality counts and temperature, 
because deaths increase both when temperatures fall and when temperatures rise above 
population-specific threshold values (Figure 3-3).       

The population most exposed to heat-related risks is composed by: children; elderly people over 65; 
pregnant women; people of low socioeconomic status and homeless people; people affected by 
chronic illnesses; people affected by mobility and cognitive constraints; people with alcohol 
dependence and drug dependence; isolated people living alone (e.g. single, widowed, divorced 
people)28 29.  

Also geography is a key risk factor, because it affects acclimatization to higher temperatures. In fact, 
populations living in warmer climates adapt more easily to hot weather, and the heat-related 
mortality in these areas is thus triggered by higher temperatures. Furthermore, the rural population 
is less at risk than the urban one, because the latter is exposed to urban heat-island (UHI) effects. 
This phenomenon is the rise in temperatures in men-made areas compared to the surrounding 
natural areas, which makes the former a warmer island, as shown in Figure 3-4. 

                                                      

26 Frich, A., L. V. Alexander, P. Della-Marta, B. Gleason, M. Haylock, A. M. G. Klein Tank, and T. Peterson. (2002). Observed 

Coherent Changes in Climatic Extremes During the Second Half of the Twentieth Century. Climate Research 19 (3): 193–

212. DOI:10.3354/ cr019193. 
27. Curriero et al., (2002). Temperature and Mortality in 11 Cities of the Eastern United States. American Journal of 

Epidemiology. Vol. 155, No. 1 
28 Sandink, D. (2013). Reducing heat-wave risk through active and passive measures. Municipal World - Canada’s 

Municipal Magazine. 1-888-368-6125. 
29 Public Health England. (2015). Heatwave Plan for England. 
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Figure 3-4: Rise in temperatures in men-made areas compared to surrounding natural areas30.  

Finally, it must be considered in which moment of the year the heat wave occurs. In fact, heat waves 
occurring before the summer can be more severe because the population may not have 
acclimatized to high temperatures yet. 

The World Health Organization explains that “most heat-related illnesses [...] are in essence 
consequences of varying severity of failure in the thermoregulatory system”. Furthermore, severe 
heat increases the sweat production, which in turn can lead to dehydration. The heat-related 
illnesses which can affect the population during a heat wave are the following7: 

 respiratory and cardiovascular diseases 

 heat cramps  

 heat rash (small, red, itchy papules) 

 heat oedema (mainly in the ankles) 

 heat syncope (dizziness and fainting, due to dehydration, vasodilation, cardiovascular 
disease and certain medications) 

 heat exhaustion (non-specific features of malaise, vomiting and circulatory collapse, and is 
present when the core temperature is between 37°C and 40°C. If untreated, it may evolve 
into heatstroke) 

 heatstroke (failure of the body’s thermo-regulation mechanism which leads to a medical 
emergency, with symptoms of confusion, disorientation, convulsions, unconsciousness, hot 
dry skin, and core body temperature exceeding 40°C for between 45 minutes and eight 
hours. It can result in cell death, organ failure, brain damage or death) 

Furthermore, Heat waves can lead to drought (see Section 5.1) and algal blooms, and thus affect 
the water supplies. 

The top ten European heat waves that occurred in the period 1950–2014 have been ranked by 
Russo, Sillmann and Fischer (2015)31, according to an improved version of a novel universal heat 

                                                      

30 https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=190806  
31 Russo, S., Sillmann, J., Fischer, E.M. (2015). Top ten European heatwaves since 1950 and their occurrence in the 

coming decades. Environmental Research Letters 10.  

https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=190806
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wave index capturing both the duration and magnitude of heat waves. Furthermore, their study 
shows the spatial distribution of the magnitude of the most recent heat wave in summer 2015. 

The Heat Wave Magnitude Index (HWMId) is defined as the maximum magnitude of the heat waves 

in a year; where: 

 Heat wave: period ≥ 3 consecutive days with maximum temperature (Tmax) above the 

daily threshold for the reference period 1981–2010. The threshold is defined as the 90th 

percentile of daily maxima temperature, centred on a 31-day window. Hence, for a given 

day d, the threshold is the 90th percentile of the set of data Ad defined by  

 

 
 where ⋃ denotes the union of sets and Ty,i is the daily Tmax of the day i in the year y; 

 

 

 HWMId magnitude: sum of the magnitude of the consecutive days composing a heat wave, 

with daily magnitude calculated as follows:  

 

 
 

with Td being the maximum daily temperature on day d of the heatwave, T30y25p and T30y75p are, 

the 25th and 75th percentile values, respectively, of the time series composed of 30 year 

annual Tmaxs within the reference period 1981–2010.  

By definition the slope of the Md (Td) is defined at each specific location depending on  

T30y75p and T30y25p which are different in places with different climates. 

 

 

 HWMId unit: the denominator of the Md function, defined as the difference between T30 

75 y p and T30 25 y p (see equation (2)), is the inter quartile range (IQR) of the 30 yearly 

Tmaxs within the reference period 1981–2010. At each specific location, it represents a non-

parametric measure of the variability of the time series composed by annual Tmaxs in 1981–

2010. If a day of a heat wave has a temperature value Td T = 30 75 y p its corresponding 

magnitude value calculated by means of the Md function will be equal to one. Hence, a daily 

heatwave magnitude unit is equivalent to that of a day with temperature T30 75 y p and a 

corresponding anomaly equal to the IQR of the yearly maximum in 1981–2010. According to 

this definition, if the magnitude on the day d is 5, it means that the temperature anomaly on 

the day d with respect to the T30 25 y p is 5 times the IQR which is the definite predetermined 

heat wave magnitude unit. 



 
Improving Resilience to Emergencies through Advanced Cyber Technologies 

 

  

 

Project: I-REACT Report on Multi Hazard requirement analysis Deliverable ID: D2.1 
Grant Agreement: 700256   Call ID: H2020-DRS-1-2015 Page: 49 of 101 

 

The heat wave ranking method used in this study is based on two different aspects: the percentage 

of area at different HWMId levels (3, 4, 5, 6, etc K) and the HWMId peak. Given two heat waves 

HW0 and HW1, HW0 is greater than HW1 if the percentage of area across all HWMId levels, is 

greater than that of HW1. Where the ranking is not consistent across all HWMId levels, heatwaves 

are ranked by the HWMId peak value. This approach constitutes a solid starting point that could be 

taken into account in the definition of the I-REACT risk model for hazards.  

The figure below lists the strongest European heat waves identified since 1950 (see Figure 3-5). It 

also shows the corresponding geographical pattern of the HWMId, from the Ensembles 

OBServations gridded dataset (E-OBS)32.  

                                                      

32 Haylock, M. R., Hofstra, N., Klein Tank, A. M. G., Klok, E. J., Jones, P. D. and New, M. 2008. A European daily high-

resolution gridded dataset of surface temperature and precipitation. Jornal of Geophysical Research 113.  
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Figure 3-5: Strongest Heat Waves in Europe since 195033: July 1954; June 1969; July 1972; July 1976; August 1994; 

July 2006; July 2007; July 2010; August 2014; July 2015. 

 

One of the main effects of climate change is that changes are accelerated, and of course also heat 

waves are subjected to this acceleration. The observational data on temperature extremes 

concerning the time-period 1901-2003 reveal, on the one hand, a decrease in cold days and nights 

and, on the other hand, an increase in hot days and nights (see Figure 3-6). 

 

                                                      

33 Russo et al., 2015. Top ten European heatwaves since 1950 and their occurrence in the coming decades. Environ. Res. 

Lett. 10  
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Figure 3-6: Observational data on extreme temperatures from 1901 to 200334.  

This increase in average temperatures does affect extremes as well, including heat waves353637. For 

example, as already mentioned, summer 2003 is considered one of the top ten heat waves in the 

time period 1950 - 2015. However, it has been estimated that it will become a normal summer at 

                                                      

34 Alexander, L. V., et al. (2006), Global observed changes in daily climate extremes of temperature and precipitation, J. 

Geophys. Res., 111, D05109, doi:10.1029/2005JD006290. 
35 Barriopedro, D., E. M. Fischer, J. Luterbacher, R. M. Trigo1, and R. García-Herrera. (2011). The Hot Summer of 2010. 

Redrawing the Temperature Record Map of Europe. Science 332 (6026): 220–24. DOI:10.1126/science.1201224. 
36 Beniston, M., and H. F. Díaz. (2004). The 2003 Heatwave as an Example of Summers in a Greenhouse Climate? 

Observations and Climate Model Simulations for Basel, Switzerland. Global Planetary Change 44 (1–4): 73–81. 
37 Meehl, G., and C. Tebaldi. (2004). More Intense, More Frequent, and Longer Lasting Heat Waves in the 21st Century. 

Science 305 (5686): 994–97. 
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around 2050 and a rather cold summer at around 2100. Furthermore, also the Intergovernmental 

Panel on Climate Change 200738 infers that climate change does exacerbate intensity and/or 

frequency of extreme weather events. In particular, it was estimated that over the last decades “It 

is likely that heat waves have become more frequent over most land areas” and “It is more likely 

than not that anthropogenic forcing has increased the risk of heat waves.” As far as 21st century 

regional changes are concerned, “It is very likely that hot extremes, heat waves and heavy 

precipitation events will become more frequent”, while one of the impact of future climate changes 

on Europe is considered to be an increase in “health risks due to heat waves and the frequency of 

wildfires.” (Figure 3-7). 

 

Figure 3-7: Forecast of increasing incidence of heat waves in Europe39. 

Considering that climate change is leading to warmer winter and warmer summer conditions, and 

that high mortality is caused both by extreme cold and extreme warm temperatures, as shown in 

Figure 4-3, one of the effects of climate change that has been investigated is its impact on 

temperature-related mortality. In particular, McMichael, Woodruff, and Hales (2006)40 forecast that 

the decrease in winter mortality will be lower than the increase in summer mortality. The net effect 

will thus be positive in numbers, especially in southern Europe. Furthermore, it must be considered 

that a major role will be played by adaptation measures and acclimatization, which could 

significantly reduce the death toll. 

                                                      

38 Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: Synthesis Report. 
39 Houghton JT et al., eds. (2001). Climate change 2001: the scientific basis. Contribution of Working Group I to the Third 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, Cambridge University Press. 
40 McMichael, A. J., R. E. Woodruff, and S. Hales. (2006). Climate Change and Human Health: Present and Future Risks. 

Lancet 367 (9513): 859–69. DOI:10.1016/S0140-6736(06)68079-3. 
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3.1.2  DESCRIPTION AND STATISTICS 

The distribution of statistics at EU level related to climatic events related to natural hazards in EEA 

member countries in the period 1980-2013 is shown in Table 3-3.  

Hazards 
Number of 

events 
Fatalities Losses (million €) 

Insured losses 
(million €) 

Meteorological events  1.835 3.793 148.107 83.540 

Climatological event (heat 
wave)  37 74.739 26.174 1.184 

Climatological event (other)  651 3.035 65.691 8.812 

Table 3-3: Hazards in EEA member countries. 

We can observe that the climatological events that cause the highest amount of fatalities is heat 

waves. For this reason, in the report we make a special focus on this hazard in order to understand 

its phenomenology and the ways in which I-REACT could help in the mitigation of its impacts. 

 

Since 1980, Europe has had an increase in loss-relevant weather events of around 22%, as measured 

by the slopes of the calculated regression curves. The total loss-relevant events for this period is 

about 3.700. 

Moreover, Figure 3-8 shows the annual numbers of loss-relevant weather events in Europe 1980-

2010.  

 

 

Figure 3-8: Annual number of loss-relevant weather events Europe 1980-2010. 3700 total loss-relevant events for 

this period. 

By countries, the largest increase in frequency of weather-related loss events since 1980 occurred 
in Germany with a 200% increase in the number of events. The second and third largest increase 
were in Spain, 120%, and Switzerland, 110%. The increases in France, 20%, United Kingdom, 30%, 
and Italy, 10%, were comparably low (Figure 3-9). 
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Figure 3-9: Trends in numbers of loss-relevant extreme weather events in the six most affected countries in Europe 

1980-2010. 

Regarding most recent values, in 2013, almost 400 billion Euro were reported as an economic 

damage in Europe. The distribution of weather and climate related damages among the EEA 

member countries was uneven. The highest overall losses in absolute terms were registered in 

Germany, Italy, and France (see Table 3-4). The highest losses per capita were recorded in 

Switzerland, Denmark, and Luxembourg. The three least affected countries in absolute terms were 

Liechtenstein, Iceland and Malta. In relative terms (per capita) the least affected countries include 

Turkey, Bulgaria and Malta. The large portion of fatalities due to climatological events is highly 

influenced by the heatwave of 2003, where 70.000 fatalities were reported as excess mortality. 

Country 
Total 

(million €) 
Insured 

(million €) 
Insured 

(%) 
Per 

person 
Per 

sq.km 
Number of 
fatalities 

Austria 10.957 3.178 29 1.379 130.634 740 

Belgium 3.016 1.603 53 294 98.806 1.753 

Bulgaria 1.235 1 0 150 11.140 155 

Switzerland 17.812 8.425 47 2.517 431.444 1.337 

Cyprus 357 9 2 537 38.562 73 

Czech 
Republic 9.563 3.088 32 926 121.256 208 

Germany 78.721 34.382 44 1.046 220.403 9.789 

Denmark 9.432 5.598 59 1.781 219.776 42 

Estonia 241 29 12 168 5.331 9 

Spain 32.834 3.920 12 800 64.891 14.576 

Finland 1.729 208 12 338 5.108 4 
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France 53.182 25.410 48 860 84.038 20.213 

Greece 7.435 89 1 703 56.344 2.395 

Croatia 2.248 4 0 499 39.714 718 

Hungary 5.521 69 1 535 59.347 702 

Ireland 2.984 1.569 53 774 42.756 62 

Iceland 47 16 33 171 454 52 

Italy 59.624 1.945 3 1.039 197.383 20.486 

Liechtenstein 5 3 58 174 33.880 1 

Lithuania 984 6 1 285 15.066 69 

Luxembourg 700 432 62 1.645 270.834 130 

Latvia 415 50 12 173 6.423 92 

Malta 62 24 38 167 197.426 7 

Netherlands 6.147 2.768 45 396 147.983 1.725 

Norway 3.587 1.922 54 806 11.079 43 

Poland 13.935 859 6 367 44.566 1.097 

Portugal 6.783 300 4 665 73.563 2.974 

Romania 8.424 56 1 383 35.339 1.278 

Sweden 3.630 1.032 28 412 8.277 46 

Slovenia 919 143 16 462 45.325 241 

Slovakia 1.332 66 5 251 27.166 108 

Turkey 3.040 238 8 49 3.879 1.644 

United 
Kingdom 46.046 31.372 68 782 185.274 3.512 

Total 392.949 128.813 33 710 68.755 86.281 

Table 3-4: Total Loss extreme weather and climate extremes damage in 2013 Euro value. 

3.1.3 EMERGENCY MANAGEMENT PROCESS 

General Considerations 

Here some of the findings of the ongoing EU FP7 project RAIN (www.rain-project.eu) are reviewed. 

The project investigates the impacts of adverse weather events on critical infrastructure (mainly 

transport, energy and telecommunication networks). The project will develop early warning 

systems, decision support tools and engineering solutions to ensure rapid reinstatement of the 

network. During the first year of the project, two questionnaires were arranged. Firstly, 28 semi-

structured interviews with stakeholders (mostly operators of Critical Infrastructure or emergency 

management officials) were carried out in person or by telephone during November and December 

http://www.rain-project.eu/
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2014 (conclusions in RAIN deliverable D2.2). Secondly, a questionnaire for European weather 

services was provided online (in total 18 weather services answered the online questionnaire, more 

info in RAIN deliverable D2.3). Based on these questionnaires, for example the following gaps were 

identified: 

 

 Lack of information about the effects of climate change on extreme weather probabilities 

(prevention in the longer range). The RAIN project will develop maps and gridded datasets that 

will show those probability distributions. 

 Lack of communication between Weather Service providers and Critical Infrastructure operators 

(preparedness and response), although many stakeholders have arrangements (or contracts) 

with weather services. Here the setup of checklists and Decision Support Systems is important. 

 Mainly private Weather Services are suffering from limited data access. 

 Warnings should specify the expected impacts of dangerous phenomena (preparedness). 

 

Heat waves 

 

In order to cope with heat-related problems, many European countries have adopted general heat 

plans. These plans include several strategies to face heat-related hazards, such as: education and 

awareness measures; heat events preparedness and avoidance; communication and evaluation 

plans; heat health warning systems (HHWS); health surveillance systems; longer terms strategies. 

These heat plans are organized on a national, regional or local level, and, as a consequence, they 

can be very different from each other (Lass et al. 2011)41. 

For example, in England an heat wave plan is published annually since 200442, and it rules the heat-

health watch system, which is activated every year from June, 1st to September, 15th. This watch 

system includes five levels, as described below: 

 Level 0: Year round long term planning in order to reduce the effects of climate change and 

to facilitate adaptation. 

 Level 1: It is the default alert level of the heat plan running from June, 1st to September, 15th 

in order to ensure awareness and preparedness of the social and health care services; 

 Level 2: it is based on threshold day and night-time temperatures that are defined by the 

Met Office and that vary from region to region. This level is triggered in case of a 60% 

probability of temperatures high enough to have effects on health on at least two 

consecutive days; 

 Level 3: t is based on threshold day and night-time temperatures that are defined by the Met 

Office and that vary from region to region. This level is triggered in case the Met Office 

confirms that threshold temperatures have been reached; 

                                                      

41 Lass, W., Haas, A., Hinkel, J., Jaeger, C., (2011). Avoiding the Avoidable: Towards a European Heat Waves Risk 

Governance. International Journal of Disaster Risk Science, 2 (1): 1–14. doi:10.1007/s13753-011-0001-z. 
42 Public Health England, (2015). Heatwave Plan for England. 
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 Level 4: this level is established at national level when heat-related harms extend beyond 

the health sector because of the heat wave severity and/or duration 

Many heat plans include a Heat Health Warning System (HHWS), whose aim is to alert the decision 

makers and the population to impending severe hot weather and to provide instructions to avoid 

heat-related health problems. A significant increase in the adoption of HHWS was registered in 

Europe after the heat wave of 2003.  

Another interesting case is the EuroHEAT research project, which was coordinated by the Global 

Change and Health program of the WHO Regional Office for Europe and co-funded by the EU 

Directorate General for Health and Consumers43 . The aim of this project was to measure the health 

effects of heat in European cities in order to improve the preparedness and response strategies of 

health systems. In particular, the project highlighted that the adverse health effects of heat waves 

are largely preventable if certain conditions are met44. Furthermore, a web-based heat wave 

forecasting tool called EuroHEAT was created (http://www.euroheat-project.org/dwd/). Based on 

the Ensemble Prediction Systems (EPS) of the European Centre for Medium Range Weather 

Forecasts (ECMWF), this tool consists of a fifty members’ ensemble. With this system, possible initial 

uncertainties are simulated by adding small perturbations within the limits of uncertainty of the 

initial data to the original initial conditions. In this way, an ensemble of slightly different initial 

conditions is created. Each ensemble member is then used as starting point for a forecast and, as a 

result, an ensemble of forecasts is produced. Lass at. al note that “the skill of the EPS forecast is very 

good for short lead times, but decreases significantly with increasing lead times.” 

The summary table (Table 3-5) on the importance of improving the emergency management in 

different phases is presented below. 

Hazard Prevention Early Warning (including 
monitoring) 

Response Post-
Disaster 

Extreme weather events, 

including heat waves 
Moderate High High High 

Table 3-5: Importance of improving the emergency management in the different phases. 

3.1.4 I-REACT CONTRIBUTIONS 

Extreme weather event detection and models 

                                                      

43 World Health Organization - Regional Office for Europe, (2004). Heat-waves: Risks and Responses. Health and Global 

Environment Change 2. 
44 World Health Organization - Regional Office for Europe (2008). Improving Public Health Responses to Extreme 

Weather / Heat-Waves. EuroHEAT Meeting Report. 

http://www.euroheat-project.org/dwd/
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Changes in extreme weather and climate events have been observed since about 1950. Some of 

these changes have been linked to human influences, including an increase in warm temperatures 

extremes and an increase in the number of heavy precipitation events in a number of regions. It is 

likely that the frequency of heat waves has increased in large parts of Europe. Moreover, there are 

a likely more land regions where the number of heavy precipitation events has increased than where 

it has decreased45. The frequency and intensity of heavy precipitation events has likely increased in 

Europe. Impacts from recent climate-related extremes, such as heat waves, droughts, floods, 

windstorms and wildfires, reveal significant vulnerability and exposure of some ecosystems and 

many human systems to current climate variability46. Fire frequency is expected to increase with 

human-induced climate change, especially where precipitation remains the same or is reduced47. A 

general but moderate increase in precipitation, together with increased productivity, also could 

favour generation of more flammable fine fuels, increasing the risk, severity, and frequency of forest 

fires in Europe48. In most regions, there is likely to be an increased risk of forest fires, resulting in a 

change in vegetation structure that in turn exacerbates this risk49. 

I-REACT aims to provide the expected scenarios of changes in frequency and intensity of extreme 

events (such as heavy precipitation and high temperatures). Climate change scenarios, particularly 

those for extremes, are needed for all aspects of future design where the weather and climate are 

key determinants of everyday life. Moreover, the potential fire growth changes due to the climate 

change will be calculated taking into consideration the vertical instability of the atmosphere.    

                                                      

45 IPCC, (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer 

(eds.)]. IPCC, Geneva, Switzerland, 151 pp. 

46 IPCC, (2014). Climate Change 2014: Impacts, Adaptation and Vulnerability. Part B: Regional Aspects. Contribution of 

Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Intergovernmental 

Panel on Climate Change, Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 
47 Stocks, Brian J., M.A. Fosberg, T.J. Lynham, L. Mearns, B.M. Wotton, Q. Yang, J-Z. Jin, K. Lawrence, G.R. Hartley, J.A. 

Mason, & D.W. McKenney, (1998) "Climate Change and Forest Fire Potential in Russian and Canadian Boreal Forests." 

Climate Change, 38, pp. 1-13. 
48 Miranda, A.I., Borrego, C., and Viegas, D. (1994). Forest fire effects on air quality. In: Baldasano, J., Brebbia, C., Power, 

H., and Zannetti, P., eds. Proceedings of the 2nd International Conference on Air Pollution, Vol. 1: Computer simulation. 

Computacional Mechanics Publications, Southampton, pp. 191–199. 
49 Cramer W & Steffen W (1997). Forecast changes in the global environment: What they mean in terms of ecosystem 

responses on different time-scales. In: Huntley B, Cramer W, Morgan AV, Prentice HC & Allen JRM (Eds.) Past and future 

rapid environmental changes: The spatial and evolutionary responses of terrestrial biota. Berlin: Springer-Verlag. NATO 

ASI Series Vol.I 47:415-426 
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I-REACT will apply statistical downscaling to provide reliable and plausible future scenarios of 

temperature and precipitation-based extremes for selected European demo-sites for future 

timeframes50. 

 
To achieve the extreme scenarios, a standard observed and climate model data sets will be 

developed for calculating a standard set of extreme statistics across the demo-sites. The study will 

be focused mainly on the changes in extremes, for this reason, a number of extreme temperature 

and precipitation indices will be defined. Many of the indices will be based on thresholds defined 

on the basis of statistical quantities such as the 90th or 10th percentiles. 

 

I-REACT will utilize the abovementioned findings of RAIN-project and provide novel services to the 

end-users, enabling efficient data transfer and communication (e.g. between the user and duty 

forecaster) whenever needed. Forecasted occurrence risk of high-impact weather events will be 

provided in the form of risk maps at forecast time scales from hours up to couple of weeks, even to 

the seasonal scale concerning relevant weather parameters. The focus will be on the rare adverse 

weather events occurring in the tail ends. The forecast products will be thoroughly verified. The 

end-users have later the opportunity to evaluate the services in pilots. 

 

The forecast products for whole Europe are calculated by using the so-called ensemble techniques 
(a more detailed description will be given in WP4). The forecast systems used are the European 
scale GLAMEPS (8km resolution, updated 4 times daily), from a few hours to a couple of days, and 
the Global ECMWF-ENS system (16km, updated twice a day), from a few days to a couple of 
weeks. In addition, the sub-European scale HarmonEPS (2-3km) will be demonstrated in sub-daily 
time-scale. From the ensembles produced by these forecasts systems we can get the probability 
distributions of relevant weather parameters. For example, the ECMWF-ENS system produces an 
ensemble consisting of 51 individual forecasts, thus one single forecast accounts for ca. 2% of the 
probability distribution (if only one single forecast is predicting anomalously cold weather, that 
gives a probability of 2% for such conditions in the ECMWF-ENS system). For warning purposes (an 
example of operational warnings at FMI website: http://en.ilmatieteenlaitos.fi/warnings), we can 
use certain thresholds for adverse weather (for example those shown in Table 3-6); the thresholds 
can be flexibly changed/updated during the project). From the probability distribution we can 
calculate the probability of adverse weather (i.e. the probability of a specific weather parameter 
exceeding the threshold).  

 

Based on the priorities given by the end-users [RD02], the most useful variables for event specific 

warning are: wind, temperature, rainfall rate/accumulated rainfall, and snow melt (related to rising 

temperature). Thus, in I-REACT the FMI will mainly concentrate on providing forecast data of these 

                                                      

50 STARDEX (Statistical and Region dynamical Downscaling of Extremes for European regions) Fifth Framework 

Programme project. 

http://en.ilmatieteenlaitos.fi/warnings
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parameters, and also the forecast data needed to run the Canadian Forest Fire Weather Index (FWI 

index) over Europe (the data provided are shown in Table 3-6). 

 

Parameter Function Forecast length Spatial 
resolution 

Temporal 
resolution 

Precipitation Monitoring and 
warning of heavy 
precipitation (also 
heavy snowfall); 

calculating the FWI 
index 

2 days *) 
10 (15) days **) 

8km 
16km 

3h 
3h 

Temperature Monitoring and 
warning of snow 
melt; calculating 

the FWI index 

2 days 
10 (15) days 

8km 
16km 

3h 
3h 

Dew point 
temperature 

Calculating the 
FWI index 

2 days 
10 (15) days 

8km 
16km 

3h 
3h 

Wind speed (10 min 
average) 

Calculating the 
FWI index 

2 days 
10 (15) days 

8km 
16km 

3h 
3h 

Maximum 3s wind 
gust (during 3h) 

Warning of violent 
wind gusts 

2 days 
10 (15) days 

8km 
16km 

3h 
3h 

*) GLAMEPS 
**) ECMWF-ENS 

Table 3-6: A list of the ensemble forecast data of different weather parameters provided by the FMI (in I-REACT 

WP4). From the ensembles, the probability distribution and ensemble mean can be calculated. 

Heat Waves 

All the plans and protocols for heat waves described in the previous sections have been proved 

effective in the emergency management of the local areas and territories they have been defined 

for. However, what is indeed missing nowadays is a general and unified emergency management 

protocol for heat waves that would provide specific guidelines for citizens and protocols for first 

responders to act in case of emergency. Existing solutions provide either the first or the second but 

not both. 

One of the main contributions of the I-REACT project for heat waves will be the definition of a 

unique emergency management plan that will combine most of the characteristics of existing 

solutions, and that will be easy to integrate with the other emergency plans defined for other 

hazards. 

  

I-REACT can also contribute to urban planning interventions, which can have relevant effects on 

heat waves management but are still rarely deployed51. Spatial information is particularly relevant 

                                                      

51 Milan, B. F., Creutzig, F., (2015). Reducing urban heat wave risk in the 21st century. Current Opinion in Environmental 

Sustainability 14: 221 - 231. 
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for prevention strategies and during the early warning stage, as they can be used to improve risk 

management and to efficiently plan the intervention resource. In particular, risk maps can be 

elaborated adopting spatial models of health - environment interactions which provide information 

concerning topography profiles, building densities, vegetation bodies, transport networks, night 

temperatures and socio-demographic data. In fact, detailed spatial information can allow policy 

makers to focus on the areas affected by the highest heat related mortality. Such measures are also 

inclusive in terms of social justice, because they do not involve differences depending on poverty 

levels or racial and ethnic compositions. It has also been shown that the efficacy of urban planning 

increases with the number of population at risk and the severity of the hazard52.  

Another crucial aspect which must be addressed by I-REACT is the use of crowdsourcing information 

in order to localize the population and the individuals at risk. This implementation would be 

particularly useful during the early warning and post-disaster stage, but it can also significantly 

contribute to heat wave prevention. 

3.2 FLOODS 

3.2.1 DESCRIPTION AND STATISTICS 

USGS Water Science Glossary defines floods as “an overflow of water onto lands that are used or 

usable by man and not normally covered by water”53. The Floods Directive54 recalls about the same 

definition as part of land the water covering of lands not normally covered by water.  

The I-REACT project specifically looks at flood disaster driven event in order to provide the 

necessary tools to involve a larger community and their interplay during the entire Disaster 

Management Cycle.   

 

The European Commission's Humanitarian Aid and Civil Protection department, formerly known as 

the European Community Humanitarian Aid Office, provides on a regular base the ECHO factsheets, 

focused on specific issues related to the Department’s work. In 2015, one of the ECHO factsheets 

was focused on the Disaster Risk Management55. According to this factsheet, the severity and 

frequency of natural disasters has risen steadily over the past decades, partly as a result of climate 

change, urbanisation, population growth and environmental degradation. In 2013, Central Europe 

suffered once-in-a-hundred-years flood, for the second time in just 13 years.  

                                                      

52 Shashua-Bar, L., Pearlmutter, D., Erell, E., (2009). The cooling efficiency of urban landscape strategies in a hot dry 

climate. Landscape and Urban Planning, 92:179-186. 
53  http://water.usgs.gov/edu/dictionary.html#F 
54 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:288:0027:0034:EN:PDF 
55 EC, Humanitarian Aid and Civil Protection, Disaster Risk Management, ECHO factsheet 

http://water.usgs.gov/edu/dictionary.html#F
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Among others, the main natural and man-made disasters have been identified throughout an 

analysis taking into consideration some key events, such as climate change, ecosystem degradation 

and space weather. This analysis revealed floods to be the most common risk addressed by the 

countries in EU, as shown in the Figure 3-10.  

 

Figure 3-10: Major risks assessed (n° of potentially affected countries) 

As matter of fact, the periodic occurrence of flood events in urban and suburban areas represents 

a big issue for the entire mankind. Flood events in European countries (and worldwide), caused in 

recent years many human and economic losses, with heavy impacts in densely populated areas. 

Flood consequences are exacerbated by urban sprawl and climate change, especially in areas close 

to creeks and rivers. This situation often translates in flash floods that are very difficult to predict in 

advance and hard to manage with respect to population alerting, operational planning, and flood 

evolution prediction56.  

 

The result of the analysis underlined in the ECHOS factsheet is confirmed by the Centre for Research 

on the Epidemiology of Disasters’57 58. In fact, looking at the last 22 years (1990-2012), floods in 

Europe seem to be one of the main natural disasters, causing the highest number of both total and 

average annual damages (together with storms), as shown in the Figure 3-11. 

                                                      

56 FLOODIS: Mobile Sensing for flood emergency services in the cloud 
57 http://www.cred.be  
58 www.emdat.be 

 

http://www.cred.be/
http://www.emdat.be/
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Figure 3-11: Estimated total damages ($US billion) per disaster type (1990-2012) 

The significance of floods as a national problem varies greatly between the European countries both 

in terms of average annual flood damages and the extreme potential losses. 

In order to be able to deal with large problems, it is necessary to break them down. Within the I-

REACT project, three different flood types are being dealt with: river, coastal, and surface water 

flooding. Each type of flood has its own characteristics and develops differently, thereby, 

necessitating different preparedness and response actions.  

River flooding is most common across Europe and is caused when a river cannot hold the amount 

of water being drained into it from the catchment. Coastal flooding, also sometimes referred to as 

storm surges, are caused when inclement weather together with high tidal conditions increase the 

sea levels. The abnormal rise in sea level can spill into low-lying coastal areas. Surface water flooding 

can occur after a heavy rainfall when the intensity of the rain event is higher than the infiltration 

capacity of the surface. The un-absorbed water may trigger a so called flash flooding event which 

can have place in both natural and human-made environments. 

River flooding is chiefly caused by sudden increases in water level that may be produced by heavy 

precipitation, nearby melting snow or ice, or a combination of both things. It's important to study 

these events and the amount of flooding probability of a given river, in order to foresee the inherent 

risk and develop mitigation systems or plans of action to prevent such natural disasters, to increase 

the resilience of people and properties. Flooding from rapid ice or snow melting can occur in cold-
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mountains areas where large quantities of snow or ice accumulated close to the riverbed melt 

during with the rise of temperature; and in Arctic rivers, where the river freezes during the dry and 

cold winter resulting in a very low flow of water and a high flow during the snowmelt season. 

Water does not present any great risk of flooding in its solid state as it tends to remain fixed to the 

ground. Nonetheless, during the snowmelt period these large mantles of snow or ice can melt at 

high speed, substantially incrementing the river levels and thereby the risk of river flooding. The 

increase of water flow relies on the snowmelt rate and therefore on the temperature and humidity 

of the environment. With climate change and global warming, temperatures tend to increase at a 

higher speed causing the water flow also to increase and therefore the chances of flooding. 

Consequently, flooding from rapid snow melting is becoming a bigger issue. 

Once melting begins, the ground begins to saturate as the water begins to filter in. The quantity of 

water that can filter through the ground is highly variable according to the terrain composition and 

its saturation level. When the liquid water caused during the melting process reaches the terrain's 

saturation level, it begins to flow along the surface of the land. Both the water that filters into the 

ground and the water flowing along the surface tend to flow in a direction towards an aquifer, as 

shown in Figure 3-12. As the snow or ice-melt water arrives at the river it produces a change in the 

water level or flow circulating along the riverbed. The increase in water flow in the river can have 

different consequences in different sections of the river - meaning that while this added water 

volume may not cause any problems in one section of the river, it may have dangerously impact 

another section. 

 

Figure 3-12: Schema of mountain ecosystem. When temperatures increase, accumulated snow and ice in more 

elevated areas melts and this can filter through the earth as well as flow along the ground surface before reaching a 

body of water like a lake or river. 

There are very few coastlines around the globe that are not currently influenced by human 

pressures even though they may not be inhabited. This statement found in the IPCC’s Climate 
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Change 2007: Working Group II: Impacts, Adaptation and Vulnerability59 should be a wake-up call 

because these areas have been converted to other use and therefore have lost their natural 

defences against floods. Consequently, populated areas have become more vulnerable since 

unsustainable development has exacerbated the potential for flood disasters. Inland European cities 

are also not exempt from this natural hazard.  

In a recent EEA report entitled “Urban adaptation to climate change in Europe 2016: Transforming 
cities in a changing climate”60 among other issues, the EEA emphasizes the need for European 
cities to develop climate change adaptation efforts to cope with expected climate changes and 
prepare for more extreme flooding.  

 

In the report, the EEA categorises this adaptation into three options: coping, incremental, and 

transformative. They encourage the transformative option because such a systematic approach, on 

the long term, provides the most benefits not just to reducing the flood hazard but also to capitalize 

on “non-climatic benefits”. This has an important impact for all three main types of floods because 

long terms city planning may be wisely conducted to avoid loss of resilience to floods hazards. 

We should also pay attention to the fact that climate change will not only affect those cities and 

regions currently prone to flooding but it will potentially have wider impact on new regions which 

will become more susceptible to flood disasters. Several flood specific studies have shown this for 

river floods61 62 as well as coastal flooding63 64. Furthermore, this trend will also most likely affect 

other weather related hazards as well65. 

People are naturally linked to water for their living and this can be seen by the increasing trend of 

economic assets and people concentration in urban areas. Since there is no indication that this trend 

will subside anytime soon, better planning to improve health and quality of life, through the building 

of resilient societies and their assets, is vital.  

                                                      

59 https://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch6s6-2-2.html 
60 http://www.eea.europa.eu/highlights/building-resilient-cities-key-to 
61 Rojas R, Feyen L, Bianchi A, Dosio A, (2012). Assessment of future flood hazard in Europe using a large ensemble of 

bias-corrected regional climate simulations. J Geophys Res Atmospheres  

62 Alfieri L, Burek P, Feyen L, Forzieri G (2015). Global warming increases the frequency of river floods in Europe. Hydrol 

Earth Syst Sci 19:2247–2260.  
63 Nicholls RJ, Klein RJT (2005). Climate change and coastal management on Europe’s coast. In: Vermaat J, Salomons W, 

Bouwer L, Turner K (eds) Managing European Coasts. Springer, Berlin Heidelberg, pp. 199– 226  

64 Hinkel J, Nicholls RJ, Vafeidis AT, et al. (2010). Assessing risk of and adaptation to sea-level rise in the European Union: 

an application of DIVA. Mitig Adapt Strateg Glob Change 15:703–719. doi:10.1007/s11027-010- 9237-y 
65 G.Forzieri, L. Feyen, S. Russo, M. Vousdoukas, L.Alfieri, S. Outten, M. Migliavacca, A. Bianchi, R. Rojas, A. Cid., (2016).  

Multi-hazard assessment in Europe under climate change. Climatic Change DOI 10.1007/s10584-016-1661-x  

Springer 
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3.2.2 EMERGENCY MANAGEMENT PROCESS 

The emergency managers dealing with flood disasters are constantly in a dilemma situation, since 

mitigation and adaptation interventions to a potential flood event that does not occur is costly, 

especially at the infrastructural level. On the other hand, if no preparation is attempted potential 

loss of life and heavy economic losses may skyrocket. For this reason, flood prevention, monitoring, 

and early warning are very important in the flood emergency management process. 

The forces of nature are yet to be harnessed by humans and in the meantime it is necessary to be 

prepared. Flooding is a force majeure and therefore cannot be prevented entirely. However, 

acknowledging this, understanding the consequences of being ill-prepared, and planning for the 

possibility of flooding should help reduce the potential damage from a flood event. For this reason, 

the importance of I-REACT for the prevention of flooding is moderate. Users will be provided with 

important information related to flood events but it will be up to the users to decide how they apply 

this information. 

Effective and accurate flood monitoring is key for emergency managers to make the right calls 
with respect to potential flood disasters. I-REACT is placing a lot of emphasis on this because it is 
one of the most effective ways to minimise cost of life and damages, if and when, a flood disaster 
occurs. 

 

The sooner that authorities, whose role is to aware the affected population and install preventative 

measures, the greater the chances of successfully mitigating the devastating effects of a flood 

disaster. I-REACT will work on improving not only the access to the relevant information, but also 

the manner in which are displayed, so that managers can base their decisions on the best 

information available in-hand. 

However, even in the best preparedness and mitigation scenarios, disasters still occur with the 

involvement of emergency responders and civil protection units. I-REACT can improve the 

effectiveness of their response by putting into the hands of disaster risk managers and responders, 

a set of technologies (such as wearable ones) in order to keep the responders safe. In addition, 

sophisticated models elaborating on real-time information derived from deployed teams on the 

ground as well as from citizens will be able to contribute in improving the overall flood situation 

awareness for disaster management. 

The same information can be used in the post-disaster phase in order to provide ground 

measurements and historical information for building back better. For these reasons, the I-REACT 

project places a high importance on early warning, monitoring, and response with respect to flood 

disasters. 

The information gathered during early warning, monitoring and response phases of a flood disaster 

can all be This same information can be used in the post-disaster context. After a flood disaster has 

occurred, it is important to try and recover as quickly as possible from the damages and after effects 

of such an event. Important information for this post-disaster event is to plan clean-up and 
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reconstruction efforts which require documentation of the event. Both phase in order to provide 

ground measurements and historical information can be used to plan the for rebuilding efforts and 

hopefully provide insight into how to improve the infrastructure for the next time. I-REACT will not 

directly be used in the rebuilding efforts, the data produced by the system will be useful and 

therefore is of moderate importance for emergency management. 

The summary table (Table 3-7) on the importance of improving the emergency management in 

different phases is presented below. 

Table 3-7 Importance of improving the emergency management in the different phases 

3.2.3 I-REACT CONTRIBUTIONS  

The three main I-REACT DRM cycle related components are prevention, preparedness and response. 

In the flood context, this means providing information on past events to better understand occurred 

disasters and look into the future in the long-term to better understand the potential consequences 

of climate change related to flooding. No one really knows how flooding will affect European cities 

in the future and, therefore, it is important to understand present day effects to cope with the future 

ones. The long-term analysis will provide actors involved in the planning of flood defences for the 

mitigation of its effects based on future scenarios. This is especially important to bring everybody 

to a similar level of preparedness. Even across Europe, Member States are not equally prepared for 

this type of particular disaster. 

Even though the infrastructure may not be in place to mitigate flood disasters, I-REACT can provide 

early flood warnings based on a number of European information sources and assets. The goal is to 

maximize current capacities and make them available to a wider set of users so that early warnings 

can be more effective to take informed decisions in case of a looming disaster. Management services 

to report such information in a consistent and understandable manner to key decision makers will 

help reduce the potential devastation of a flood disaster. Today, citizens and communities play key 

roles in hazard management because of their ability to interact with sophisticated systems and 

provide much needed information on the ground. 

Preparedness also means educating the public to behave according to the hazard. Flood information 

for citizens relates to understanding of the risk related to such a disaster and how to act and in the 

case of an emergency. If citizens are prepared, it can reduce their level of anxiety and allow them to 

act efficiently in times of crisis. 

In the event that a flood disaster occurs, the I-REACT platform will provide information from all 
available open data sources, especially from the European assets such as Copernicus. 
Furthermore, it provides access to and manages social media streams in order to serve emergency 

Hazard Prevention Early Warning (including monitoring) Response Post-Disaster 

Floods Moderate High High Moderate 
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response teams with the most up-to-date information available. At the same time, citizens can 
use the I-REACT app to help them get in to safe areas according to the emergency plans of the 
local authorities. Rescue operation teams and professional volunteers may also provide civil 
protection operational centres with real time and situational information from flooded areas, if 
safe to do so, and keep track of the evolving disaster at a real time basis. 

 

One of the Copernicus Emergency Management Services (EMS) is the Rapid Mapping Service66 

(RMS) that is triggered by specific authorities identified in each Member State. Since the service 

began, there have been a total of 69 flood related activations around the world. Of those flood 

activations, 50 of them were from within the European Union. This number however is only a small 

piece of the actual flood events that happened and not officially triggered for rapid mapping. 

Furthermore, the geospatial flood disaster information, provided through the EMS, is not issued and 

made available very quickly. Most of the time it takes at least one day before flood extent maps are 

delivered via service. For this reason, I-REACT will not only depend on Earth Observation based 

information during a flood disaster because emergency responders need situational information as 

it happens. 

During the course of a flood disaster, information related to the status of the flood can be obtained 

from a variety of sources including rescue personnel in the field, social media and EO. Rescue 

personnel can update the crisis centre on the current state of the flood at its location. One of the 

benefits of I-REACT is to allow rescue personnel to send more accurate information at a faster pace. 

Social media and the proliferation of smartphones provide an important source of immediate 

information in crisis situations. During a flood, a person with the I-REACT app on his/her smartphone 

can provide essential data about the flood situation. Even simple information that includes location, 

water level and extension are vital to crisis managers. Furthermore, such real time information can 

also be elaborated by flood models at the crisis management centre to update the situation and 

forecasting the evolution of the on-going flood in order to support the best possible decisions in the 

response phase. The mutable nature of a flood disaster means that constant flood updating is crucial 

to reduce both casualties and damages. 

3.2.3.1 FLOOD NOWCAST AND FORECAST 

I-REACT has been conceived in order to provide information across many different temporal scales 

of a flood event including pre/during, and post-flooding. In order to be able to provide such 

information, it is necessary also to have access to a variety of data including outputs from flood 

forecasting services such as EFAS, river gauge data measured during a flood event, and geospatial 

information of the area. Flood models can be very complex due to their dimensionality in space and 

time. Therefore, the more relevant data is available and up-to-date, the better the flood can be 

modelled. 

                                                      

66 http://emergency.copernicus.eu/mapping/ems/service-overview 

http://emergency.copernicus.eu/mapping/ems/service-overview
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Models are possible representations of reality and, in the case of flood models, they can be quite 

complicated. Mathematical modelling of physical processes such as flood is not trivial and is based 

on fluid mechanics and other mathematical equations that try to describe the different processes. 

Flood models are normally classified by the number of dimensions they can represent and, thus, 

vary from simple to more complex.  

The simplest types of flood models that is the hydraulic modelling. Such simple models use the 

topography as input and can be quickly computed. In order to improve such models, additional data 

about the actual extent and/or depth of the floodwater at specific points should be used. Due to 

the fact that no flow processes are simulated by such simple models, a reliable forecast of floods is 

not possible this manner. However, with the provision of real time of field information, the model 

can produce almost instantaneous flood extent maps when high quality digital elevation models 

(DEM) are available. 

This type of model will be used during flood disaster emergency responses when both citizens and 

professional responders use I-REACT to provide current flood extent information that can be used 

to provide real-time updates on the flood. 

More complicated flood modelling requires more time and computing resources, and a variety of 

relevant inputs such as weather forecasts. These types of models will also be applied within I-REACT 

in order to provide other flood related forecasting both in the near future, i.e. during a flood 

disaster, as well as into the farther future based on climate change expectations. 

 

During a disaster response, I-REACT will be running complex flood forecast models based on 
current and forecast weather predictions for the affected region. This will provide rescue efforts 
with a more long-term understanding of the possible evolution of the flood. An important gap 
that I-REACT will be bonding is the interpretation of the forecasted flood results. Such flood model 
outputs are produced for modelling experts and need to be interpreted. 

 

Therefore, it is important that I-REACT provides informative flood forecast information that can be 

easily and correctly interpreted by the user who may not necessarily be a modelling expert. While 

one can produce flood inundation maps based on EO data with confidence, since it is a real time 

snapshot picture, the same amount of confidence should not be placed on flood inundation model 

outputs. The reason is that it is a representation of a possible reality. This sentiment has been 

recently echoed by Adrian Wynn of the UK Met Office at a recent HEPEX workshop presentation67. 

In his talk, he described the difficulty to interpret model based flood guidance to crisis managers 

and how to interpret it. In the UK, the Met Office with the Environment Agency produce a flood 

guidance statement that includes a Flood Risk Matrix. The manual for the flood guidance 

statement68 tries to simplify what the models are showing into a matrix that “provides the 

                                                      

67 http://www.ecmwf.int/en/h-saf-and-hepex-workshops-coupled-hydrology 
68 http://www.ffc-environment-agency.metoffice.gov.uk/services/FGS_User_Guide.pdf 

http://www.ecmwf.int/en/h-saf-and-hepex-workshops-coupled-hydrology
http://www.ffc-environment-agency.metoffice.gov.uk/services/FGS_User_Guide.pdf
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assessment of likelihood against the potential impacts of flooding and assigns a risk colour and 

level”. Such solutions will also be integrated into I-REACT in order to maximize flood risk and 

modelling understanding by all users. 

A core tenant of I-REACT  is finally reflected in the words of Margareta Wahlström, former United 

Nations Special Representative of the Secretary-General for Disaster Risk Reduction: "Access to 

information is critical to successful disaster risk management. You cannot manage what you cannot 

measure."69. 

3.2.3.1 WATER VELOCITY 

Given a hydrogram of a section of a river, it is possible to evaluate its progress into downstream 

sections taking into consideration both geometry and roughness of the riverbed. As such, if the 

velocity of the water flowing through a section of the river is known, as well as its geometry and 

characteristics, it is possible to determine the chance of a flood occurring in the various sections of 

the selected river. There are already numerous tools designed to take measurements of the water’s 

velocity as it travels along a river. Nonetheless, given the cost of these tools, not all rivers are 

equipped with them. 

 

I-REACT will include a model that is able to capture and communicate videos processed by using 
computer vision and analysis in order to estimate the velocity of flowing water 70,71. 

 

The following requiremens should be respected:  

 The video shall be able to be captured by a CCTV / USB camera 
 The video shall be able to be captured by a Smartphone camera 
 The video shall be able to be captured by a UAV camera 
 It shall be possible to invite volunteers to “crowd-source” relevant video clips, e.g. from up 

a river, recognizing that fixed cameras may not be everywhere.  
 The software in the field should record and send relevant video, working with low 

bandwidth. Interactive visual communication is also required.  
 The video clips shall be received at a central location (control centre) 
 The video velocity analysis shall be done at the receiver side 
 It should be possible to assess water level when compared to a reference point 
 The software must have access to accurate GNSS location data of the video clip’s origin, and 

save and communicate this to the receiver side.  
 The application should also be able to send photos, text and audio / sound 

                                                      

69 https://www.unisdr.org/we/inform/disaster-statistics 
70 Bechle, A. J., & Wu, C. H., (2014). An entropy‐based surface velocity method for estuarine discharge measurement. 

Water Resources Research, 50(7), 6106-6128. 
71 Ran, Q. H., Li, W., Liao, Q., Tang, H. L., & Wang, M. Y., (2016). Application of an automated LSPIV system in a 

mountainous stream for continuous flood flow measurements. Hydrological Processes. 

https://www.unisdr.org/who-we-are/srsg-drr
https://www.unisdr.org/who-we-are/srsg-drr
https://www.unisdr.org/we/inform/disaster-statistics
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 The application should have the option of filling out smaller questionnaires for additional 
data  

The application targets lower cost, better coverage and faster access to relevant data in order to 

make it possible to conduct a rapid risk assessment and estimation of the flood likelihood. In this 

way preparatory risk reduction actions might be taken. When flooding occurs, the information is 

relevant for disaster management. 

The probability of flooding can e.g. come from detecting unusually high water speed. Wherever 

reference photos or video are available, the height of the water above / below normal level can be 

assessed. When a riverbed profile is available, it may be possible to estimate water volume flow per 

unit time, but this is assumed to require data that often may not be viable.   

There are different kinds of systems to measure the volumetric flow of a hydrological site. The 

majority of appraisals require precise tools and information that is not usually accessible to most 

people.  

In consideration of the fact that I-REACT also includes crowdsourcing information on monitoring 
river flooding potential, we’ll focus on the approximate estimation of an appraisal that can be 
made via the estimation of the surface velocity of the river water. For this, we will concentrate 
on the use of floatation devices to measure the velocity of the water surface. 

 

This system functions by floating an object downstream and measuring the time it takes to travel a 

determined longitudinal section of the river. This process is very simple but may have a high error 

margin if the change in water velocity depending on its sectional position in the river is not taken 

into account. As can be seen in Figure 3-13, the speed of the water varies substantially transversally 

along the riverbed. The velocity of the water is higher in the surface and central areas of the river, 

and decreases gradually as it reaches the edges or banks of the river. Given that normally the use of 

floatation objects to measure the velocity of the water is performed taking the measurements in 

the central area of the river, it’s advisable to multiply the value of the obtained velocity by a 

coefficient of 0.7-0.8 (depending on the size of the riverbed) in order to approximate the average 

speed of the water. 
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Figure 3-13: Velocity distribution of the water through almost the entire cross section of the river72. The 

measurements were done using a Doppler based instrument that has some limitations when measuring the velocity 

close to surfaces, however the missing velocities can be calculated by extrapolation of the vertical velocity profile. 

Thereby, the application which will be carried out in this work only requires a short video of the 

river which is to be measured taken with the application. Most rivers carry small objects that can be 

detected through the computer vision tools that will be integrated in the application. These objects 

will be tracked downstream in the video to measure the speed of the superficial water that flows 

through the river. If the application is not able to detect any object in the river, the user will be asked 

to throw a floating object such a branch to the river and repeat the video. 

3.3 WILDFIRES 

3.3.1 HAZARD DESCRIPTION AND STATISTICS 

Wildfires are a common phenomenon in Europe. Under natural conditions, forest fires are not 

necessarily hazardous but essential for several tree species regeneration and ecosystem dynamics.  

Nevertheless, forest fires can get out of control and lead to significant damages to the natural and 

built environment. The fires can have different causes ranging from natural without any human 

involvement to intentionally caused by people (see Table 3-8). It is estimated that in Europe over 

                                                      

72 NVE https://www.nve.no/ 

https://www.nve.no/
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95% of all forest fires are caused by humans including negligence when smoking cigarettes, using 

campfires and other open fires that are not extinguished properly, and even arson73. According to a 

study by the EEA (2010), fire events in Europe show increased intensity and produce more serious 

impacts due to fundamental changes in land-use and demography. The fire spread is mainly driven 

by the presence of fuels (shrub and wood) and the meteorological conditions that determine the 

dryness of the fuels. Fire ignition and spread are both enhanced by cumulated drought, high 

temperature, low relative humidity, and winds.  

 

Cause Description 

Unknown Wildfire with no cause found. 

Natural Any wildfire caused by natural origin, with no human involvement in any way (e.g. lightning, 
volcanism, gas emissions). 

Accident Wildfire unintentionally and indirectly caused by human without use of fire, connected neither 
to will nor to negligence rather to fatality (e.g. electrical power, railroads, vehicles, works, 
weapons, self-ignition). 

Negligence Wildfire unintentionally caused by human using fire or glowing object, not connected to fatality 
(e.g. as a result of vegetation management, agricultural burnings, waste management, 
recreation, fireworks, cigarettes, ashes). 

Deliberate Wildfire intentionally caused by human with the use of fire (interest in profit, conflict/ revenge, 
vandalism, excitement, crime). 

Re-kindle Wildfire caused by re-ignition of a previous fire, due to latent heat or embers. 

Table 3-8: Classification of the causes of wildfires in the EU74  

It is expected that climate change will produce even more favourable conditions for forest fires 
and also extend the fire season into regions of Europe currently not at high risk. Fire seasons will 
start earlier and will finish later in the year. Moreover, it is expected to bring increased 
temperatures and longer drought periods—conditions that will make forests more susceptible to 
wildfires. 

Additionally, higher temperatures in central and northern latitudes could enhance fire probability 

in these areas, thus expanding the regions subject to forest fires75. By 2090, the area burned by 

forest fires in the European Union could increase by 200% because of climate change according to 

a study by Khabarov et al (2016)76. 

According to EFFIS, around 65 000 fires occur annually in Europe (incl. Turkey) burning more than 

half a million hectares of forested area. The affected areas are not only in the Mediterranean, which 

                                                      

73 http://www.iiasa.ac.at/web/home/about/news/20140908-REC-fires.html 
74 Camia, A., Durrant, T., San-Miguel-Ayanz, J., (2013). Harmonized classification scheme of fire causes in the EU adopted 

for the European Fire Database of EFFIS. Executive report. JRC Scientific and Policy Reports.  EUR 25923 EN. Luxembourg. 
75 EEA, 2010, Mapping the impacts of natural hazards and technological accidents in Europe. An overview of the last 

decade. EEA Technical report No 13/2010. Luxembourg. 
76 Khabarov, N., Krasovskii, A., Obersteiner, M., Swart, R., Dosio, A., San-Miguel-Ayanz, J., Durrant, T., Camia, A., 

Migliavacca, M., 2016, Forest fires and adaptation options in Europe, Regional Environmental Change, 16: 21. 
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is generally characterised by long, hot and dry summers, but also in Northern Europe, such as in 

Sweden in 2014.  

The main fire season is normally considered as the period between March and October. However, 

critical fire events can occur outside of this period if the meteorological conditions favour fire 

ignition and spread77. 

In total, approximately 2.178.794 wild fires occurred in Europe between 1980 and 2013 (see Figure 

3-14). 

 

Figure 3-14: Number of recorded forest fires in Europe between 1980 – 201378. 

About 70% of those fires occurred in the European Mediterranean Region. These fires are 

responsible for 85% of the total burnt area in Europe. Figure 3-15 shows the burnt areas in km2 

between 1980 – 2013.  

                                                      

77 JRC, 2015, Forest Fires in Europe, Middle East and North Africa 2014. JRC Technical Reports. EUR 27400 EN. 
78 http://forest.jrc.ec.europa.eu/effis/ 
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Figure 3-15: Burnt areas in Europe between 1980 – 201379. 

The European wildfires affected almost 1.3 million people during the period from 1980 to 2013 

(EMDAT). The average economic loss is estimated to be EUR 1.5 billion annually. Considering that 

additional indirect damage to local economies and the loss of human lives and property are not 

taken into account, this is a conservative estimate (EEA 2010).  

3.3.2 EMERGENCY MANAGEMENT PROCESS 

The emergency management process of wildfires is a big effort. Large areas of forested and thus 

usually uninhabited land has to be monitored frequently especially during the dry and hot summer 

months.  

Prevention: It has been widely recognized that prevention is the most effective approach to face 

wildfires. FAO’s Fire management Voluntary Guidelines80 state that: “Fire prevention may be the 

most cost-effective and efficient mitigation programme an agency or community can implement”. 

Preventing unwanted, damaging fires is always less costly than suppressing them. Even regions with 

well-prepared fire brigades, equipped with sophisticated ground and aerial equipment and a 

substantial number of fire fighters have been unable to stop a number of large-scale disastrous 

wildfires in recent years.  

                                                      

79 http://forest.jrc.ec.europa.eu/effis/ 
80 http://www.fao.org/forestry/16674-06bd54871f5aea6894b20c1a0379445a.pdf 
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After several decades focused on wildfire suppression both at national and international level, 

currently, there is a considerable deficiency in wildfire prevention81. Appropriate design and layout 

of the facility and operating procedures and arrangements are essential to fire prevention. The study 

should move from the hazard identification and consequence analysis to identifying measures which 

minimise the likelihood of fires and/or reduce their severity or extent. Similar to other forms of risk 

management, the management of wildfire risks begins with an assessment of the probability of a 

wildfire event and the susceptibility of highly valued resources and assets to wildfire.  

Early Warning and Monitoring: The causes of wildfires are so diverse, that there is no simple 

forecast, monitoring and alert mechanism in place like with floods, where precipitation and water 

levels can be measured. A lightning, a piece of glass or a cigarette can be the cause of a fire. Effective 

monitoring before a fire event together with real-time updates of the risk levels is therefore 

paramount to allow timely alerts and a rapid response reducing economic losses and lives. Flights 

with aircrafts and monitoring through individuals supported through camera systems are expensive 

and can only cover smaller regions. I-REACT is applying state-of the art technology like monitoring 

through UAVs to improve that. Today, forest fire risk is often based on simple models based on 

meteorological data and updated only daily. I-REACT aims to improve that. In case a fire is lit, it can 

spread quickly. Since fires spread quickly. Fast alerts are essential to allow fire fighters becoming 

active and to inform the population about the fire situation and the risk that they, together with 

their property, will be affected. A fire does not follow a linear path (e.g. downhill) but its direction 

can also change within very short time depending on the wind direction.  

Response: Moreover, there are often several seats of a fire which requires to constantly monitor 

the hazard situation. Supporting the response phase is therefore of high importance not only to 

allow fire brigades to react faster to effectively fight the fire but to protect their lives and the lives 

of the affected population as well.  

Post-Disaster: As mentioned at the beginning of the section, forest fires are also important for the 

ecology. To answer ecological questions, it is necessary to investigate the rehabilitation of burnt 

areas. Since they are usually quite large, remote sensing can be an efficient tool to support that. But 

also the identification and update of risk zones including the assessment of illegal construction are 

activities which can be supported through state-of-the-art technology, developed within I-REACT 

and provided to local decision makers. 

The summary table (Table 3-9) on the importance of improving the emergency management in 

different phases is presented below. 

 

 

                                                      

81 Assessment of Forest Fire Risks and Innovative Strategies for Fire Prevention. 4–6 May 2010 Rhodes, Greece 

Workshop report.  http://www.fao.org/forestry/24115-06cc3e762cf617ab63ec548a6333c8466.pdf 

http://www.fao.org/forestry/24115-06cc3e762cf617ab63ec548a6333c8466.pdf
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Hazard Prevention Early Warning (including monitoring) Response Post-Disaster 

Fires Moderate High High High 

Table 3-9: Importance of improving the emergency management in the different phases. 

3.3.3 I-REACT CONTRIBUTIONS  

The core tenet of I-REACT is to use existing Copernicus and EU Member States open data in order 

to improve hazard monitoring and response. Wildfires are an issue that not only requires current 

attention but for which we will also need to be preparing for with changes in the European climate.  

From a prevention point of view, I-REACT will contribute to improving the knowledge of citizens 

about this devastating hazard. Through teaching materials available through the app as well as 

gamification strategies, citizens will not only learn about how to react in fire disaster situations but 

also get a better understanding of why such a hazard exists in their region. 

For example, forest fire prevention is generally achieved through silvicultural measures and, 

education to make people aware of the meanings of the fire danger indices. Today, social media 

plays an important part in this and can provide greater awareness of this destructive hazard.  

I-REACT is expected to provide some significant technical advancement in the monitoring, alerting, 

response, and the validation of fire disasters. While certain regions currently have matured systems 

related to wildfire hazards, access to EO data as well as mobile smartphones can provide those areas 

not normally subject to wildfires with new eyes to respond to this climate related threat. 

Monitoring: The monitoring of the fire risk and of active fires across Europe is primarily based on 

satellite Earth Observation which provides a coarse overview of the situation with many false 

positives. In order to improve the monitoring, even in remote areas, the use of Copernicus assets 

will provide some improved resolution over current systems. Furthermore, the integration of UAV 

deployed sensor information that can be integrated into I-REACT will be able to positively identify 

active fires and therefore improve the alerting of the necessary authorities to organise the most 

appropriate response. I-REACT will also be a crowdsourcing platform that enables citizens to 

monitor their local environment. This is a secondary but very promising monitoring system because 

I-REACT public users can not only send their location information but also a picture of what they 

saw so that experts can decide whether to react or not. Citizen monitoring can be activated in 

regions where the fire index reaches a critical level. Finally, social media streams will be monitored 

automatically to keep a virtual eye on social chatter. When hints of wildfire are mentioned in social 

media channels, I-REACT can also use this information to update fire monitoring systems and 

provide the authorities with a heads up. 

Alert (Early Warning): The different technologies used for monitoring of wildfires can similarly be 

applied to alerting. From the detection of active fires by EO to citizens providing direct views of fires 

in progress, I-REACT can apply the same information to alert the necessary authorities. The 
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crowdsourcing approach can use citizens or firewatchers, through pilots or experts monitoring 

camera systems. All this information harvested by I-REACT can be used for alerting and early 

warning. Furthermore, the I-REACT system can also alert those citizens in the danger areas through 

social media channels. At the same time providing instructions provided by the local emergency 

response teams. 

Response: In the event of a wildfire, especially those that are affecting people and/or assets on the 

ground, I-REACT can be used to provide real-time information from emergency responders in the 

field as well as citizens monitoring the situation. For citizens, the ability to evacuate in an orderly 

fashion and via the best route is paramount. Such details can be provided by the local emergency 

responders and I-REACT can plot and provide such information to the public via their smartphones. 

Nowcasting of the fire disaster based on current situation updates of the professional users as well 

as through the monitoring of social media will be possible. Information related to current wind 

conditions not only from weather forecasts but from the people on the ground can be used. Such a 

constant monitoring and updating of fire spread would be a great asset during the response phase. 

Near-real time mapping through the use of authorised UAV’s could also provide added value.  

Post-Disaster: Finally, information related to the actual damages produces by a wildfire disaster is 

important. While EO assets can be used for post-disaster assessments and the monitoring of burnt 

areas to mitigate re-ignition, much better information can be gleaned from UAV and citizen 

observatories. For example, the coarse mapping of wildfire scars using satellite based remotely 

sensed imagery can be further enhanced with UAV imagery especially in regions where better 

information is required. Citizen observatories can be used to validate EO based coarse maps through 

gamification techniques or the use of interested users. By providing a burnt area map, users can 

validate the map through ground pictures taken with their smartphones.  
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4 CONCLUSIONS 

Starting from the outcomes of the International User Requirement workshop, which are formally 

expressed in [RD02], and given the analysis done in Section 4, we map the use of the I-REACT 

technological solutions to the hazards in focus across the emergency management cycle, 

differentiating also the user targeted by each technology. 

The hazards in focus are floods, fires and extreme weather events, while the users are differentiated 

into two groups, namely citizens and public authorities. The latter includes first responders (decision 

makers and in-field agents), as well as any national, regional, and local public entities involved in the 

emergency management. 

Further to this, we define actions that are performed in the different emergency management 

phases, and map the technology I-REACT can use in each action while keeping the link with the main 

operation concept defined by the I-REACT ontology in [RD02]. The list of main actions is reported in 

Table 4-1, out of which it is possible to notice that the concept of “Information Sharing” includes 

several actions, namely “Self-protection Information”, “Risk Awareness”, and “Forecast/Nowcast”, 

while “Data Collection” includes also “Damage Report”. Also, some actions are performed in 

different phases: Forecast and Nowcast appears both in the Prevention and in the Response phase, 

while Risk Awareness is associated with both Prevention and Preparedness. 

Table 4-1: Actions mapped with respect to the emergency management phases and the main operation concept of 

the ontology 

Phase Actions Main Operation 

(ontology) 

Prevention Self-protection Behaviours 

Risk Awareness 

Information Sharing 

Preparedness (Early Warning) Risk Awareness 

Forecast/Nowcast 

Information Sharing 

Preparedness (Early Warning) Warning Warning 

Preparedness (Early Warning) Data Collection Data Collection 

Response Forecast/Nowcast Information Sharing 

Response Operational Management Operational Management 

Response Alert Alert 

Response Data Collection Data Collection 

Post-Event Damage Report Data Collection 

 

The mapping of technologies with actions is provided in Figure 4-1. 
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Figure 4-1: Schema of I-REACT contribution in the different DRM phases for natural hazards 

 

The color code of Figure 4-1 is reported below: 

 

EXTREME WEATHER

FIRE

FLOOD

HEAT WAVES

DATA COLLECTION

POST EMERGENCY

DAMAGE REPORTS

PUBLIC 

AUTHORITIES
CITIZENS

PUBLIC 

AUTHORITIES
CITIZENS

SELF PROTECTION 

BEHAVIOURS

PREVENTION

PUBLIC 

AUTHORITIES
CITIZENS

OPERATIONAL MANGEMENT

PUBLIC 

AUTHORITIES
CITIZENS

PUBLIC 

AUTHORITIES
CITIZENS

RESPONSEPREPAREDNESS (EARLY WARNING)

PUBLIC 

AUTHORITIES
CITIZENS

RISK AWARENESS FORECAST/NOWCAST WARNING & ALERTING

CITIZENS

Remote sensing data and tools: collected from satellites

Mobile Application: general applications suitable for information sharing  and in-field reporting

Wearable devices: smart glasses and band used for professional in-field reporting and positioning

Social media: tools and methods that allow information gathering from social media and diffusion trough them

UAV Mapping: tools that collect and broadcast properly images, dvideos and maps from UAVs
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Mobile Applications have the wider impact because they allow to define and develop 

communication tools that can be useful in every hazard, and every phase of the risk management. 

The great flexibility such applications with respect to design and functionalities allows their use for 

both user groups (Public Authorities and Citizens) 

Social media have a great impact as well. Their impressive adoption, often encouraged by the 

diffusion of mobile technologies, makes them a primary source to extract useful information and to 

disseminate risk awareness information that can induce virtuous behaviour in population, especially 

in the Prevention and Preparedness phases. Moreover, during emergency response they can 

provide timely information that encourage self-protective behaviors. So they will have an important 

role in support Public Authorities and Citizens in every risk management phase. We exclude the use 

of mobile applications and social media to collect damage reports related to infrastructures for heat 

waves, because this hazard does not affect such structures. Citizens will communicate through 

them, giving information to assess emergency situations and damages. Public Authorities will 

receive unstructured streams from social media, filter them (e.g. using semantic analysis) in order 

to remove noise and obtain actionable data. 

The use of Wearable devices is more focused. They will be used mostly by Public Authorities to 

coordinate operational management or to transmit more technical in-field reports to timely assess 

emergency situations or damages. They will be important in almost all risks and macro actions.  

In order to improve forecast and nowcast of high-impact weather events, maps from remote sensing 

will be used both from existing systems (Copernicus EMS) and from a direct data chain featuring fast 

data transfer and communication. Such maps will be directly used mostly by Public Authorities, but 

they will be propagated also to citizens according to the policy indicated by the authorities. The 

maps are mainly aimed at improving risk awareness and forecast/nowcast. 

All I-REACT technologies have been mapped with a good extent in the main actions, which means 

they can be very useful to help in improving the full emergency management cycle. 
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5 ANNEX A 

5.1 DROUGHTS 

Droughts are one of the most perceptible effects of global warming. Worldwide, millions of people 
suffering under consequences of droughts each year. Droughts are slowly developing natural 
hazards which occur in all climates and can result in significant economic, social, and environmental 
costs82. In Europe the economic losses generated by droughts between 2005 and 2010 were 
estimated at over €100 billion and affected 17% of the EU population83 . 

Due to the uniqueness of each drought and the variety of sectors affected by drought, there is no 
clear single definition of drought. A drought can be “unique in its appearance, unique in its duration, 
severity, and magnitude and unique on its impacts on the environment and society”84. However, 
drought is a state of temporary deficiency of water. According to Heim (2002)85, Smathkin and 
Schipper (2008)86, Mishra and Singh (2010)87 droughts can be distinguished as meteorological, 
agricultural, hydrological, groundwater and socioeconomic droughts. Due to prolonged rainfall 
deficit, a meteorological drought is the main common type of droughts88. Further droughts can be 
caused by human activities such as deforestation, soil water depleting agricultural practices and 
over-exploitation of water resources. 

5.1.1 DROUGHTS IN EUROPE 

The region where droughts occur in Europe depends on the climate conditions and local influences, 
such as altitude and basin size89. During the past years, many drought events appeared in Europe. 
As shown in Figure 5-1, most of the meteorological drought events in the two past decades occurred 
in south Europe. The drought frequency (DF) gives information about the number of drought events 
per decade, while the strength of a drought event is expressed as the total drought severity (TDS) 
and the duration in months under drought is the total drought duration (TDD). 

                                                      

82 Vogt J.V., Somma F. (Eds), (2000). Drought and Drought Mitigation in Europe. Kluwer Academic Publishers: Dordrecht 
(The Netherlands), Boston, London; 336p. 

83 Spinoni, J., Naumann, G., Vogt, J. and P. Barbosa, (2016). Meteorological Droughts in Europe. Events and Impacts. Past 

Trends and Future Projections. JRC Technical Reports.  
84 Andreu, J., Solera, A., Paredes-Arquiola, J., Haro-Monteagudo, D. and H. van Lanen, (2015). Drought: Research and 

Science-Policy Interfacing. CRC Press, Boca Raton. 
85 Heim Jr. RR. (2002). A review of twentieth-century drought indices used in the United States. Bulletin of the American 

Meteorological Society 83(8): 1149-1165. 
86 Smakhtin VU, Schipper EL., (2008). Droughts: the impact of semantics and perceptions. Water Policy 10: 131-143. 
87 Mishra AK and VP. Singh, (2010). A review of drought concepts. Journal of Hydrology 391(1) : 202-216. 
88 Spinoni, J., Naumann, G., Vogt, J. and P. Barbosa, (2016). Meteorological Droughts in Europe. Events and Impacts. Past 

Trends and Future Projections. JRC Technical Reports. 
89 Vogt J.V., Somma F. (Eds), (2000). Drought and Drought Mitigation in Europe. Kluwer Academic Publishers: Dordrecht 

(The Netherlands), Boston, London; 336p. 
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Figure 5-1: European drought frequency (DF), total drought severity (TDS), and total drought duration (TDD) maps for 

1951-70, 1971-90, and 1991-2010.90 

In Europe, the European Commission (EC) and Joint Research Centre (JRC) based European Drought 
Observatory (EDO) takes responsibility for drought detection, monitoring, and forecasting. On the 
basis of relevant data and drought indicators such as the Standardized Precipitation Index (SPI), the 
Palmer Drought Severity Index (PDSI) or the Standardized Precipitation-Evapotranspiration Index 
(SPEI), the EDO provides continuous information on drought events in Europe. Figure 5-2 shows the 
most severe drought events computed for 12 months accumulation period from the EDO. 

                                                      

90 Spinoni, J., Naumann, G., Vogt, J. and P. Barbosa, (2016). Meteorological Droughts in Europe. Events and Impacts. Past 

Trends and Future Projections. JRC Technical Reports. 
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Figure 5-2: Biggest drought events over 12 month accumulation period91 

 

Drought impacts 

Several studies of drought impacts show that the negative effects of drought can be manifold and 
devastating. In literature, droughts are often classified as economic, environmental and social or as 
direct, indirect and intangible (Stahl et al., 2016). Besides the EDU, the European Drought Centre 
(EDC) provides the European Drought Reference (EDR) database for drought events and the 
European Drought Impact Report Inventory (EDII). According to a study from Stahl et al. (2016) with 
EDII-data, most impacts relate to agriculture, public water supply, and freshwater ecosystems. 
Other impact categories are: 

 Air quality 

 Recreation and tourism 

 Human health and public safety 

 Energy and industry 

 Waterborne transportation 

                                                      

91 Spinoni, J., Naumann, G., Vogt, J. and P. Barbosa, (2016). Meteorological Droughts in Europe. Events and Impacts. Past 

Trends and Future Projections. JRC Technical Reports. 
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 Aquaculture and fisheries 

 Soil 

 Terrestrial ecosystems 

Further it was shown that agriculture impacts concern almost all European countries, followed by 
public water supply impacts in the southern countries. In Scandinavia droughts cause also wildfires 
and forest damages (see Figure 5-3). 

 

Figure 5-3: Top three impact categories reported on EDII92. 

Recent drought in Europe 

For example, in 2015 one of the biggest droughts in the past 50 years hit central and eastern Europe, 
which resulted of intense lack of rainfall and higher evapotranspiration than normal. Furthermore, 
the daily maximum temperatures were 2-3 °C higher than the seasonal mean this summer. Wide 
European areas had the lowest soil moisture since 2003. The impacts resulting from 2015 drought 
event were enormous and continued into 2016. In the Czech Republic, Germany, Poland, and 
Slovakia crop losses of up to 50% were reported. Public water supply deficiencies hit hundreds of 
towns in eastern and central Europe. In many countries, tourism and recreation were impacted 
because of low-level water bodies. Table 5-1 shows an overview of the strongest drought impacts 
in 2015. 

Country Impact 

Austria -          Exceptionally long wildfire season, until the end of 2015 

Czech Republic -          Crop losses (~ 50%) 
-          Lower hay harvest (~50%) 
-          Twice as many fires as in 2014 

-          Hydropower production 30 – 50 % lower 

                                                      

92 Stahl, K., et al., (2016). Impacts of European drought events: insights from an international database of text-based 

reports, Nat. Hazards Earth Syst. Sci., 16, 801-819, doi:10.5194/nhess-16-801-2016. 
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European Russia -          Reduced energy production along rivers 

-          Significant impact of water-borne transportation 

-          Oxygen deficits in surface water bodies 

France -          Hydropower production 30 – 50 % lower 
-          Significant impact of water-borne transportation 

Germany -          Crop losses (~50%) 
-          Failing grass cuts 

-          Water supply shortages for cattle 

-          Reduced energy production along rivers 

-          Significant impact of water-borne transportation 

-          Oxygen deficits in surface water bodies 

Poland -          Crop losses (~50%) 
-          Reduced energy production along rivers 

Romania -          Lower milk production 

-          Drinking water supply 

-          Record low groundwater levels 

Slovakia -          Crop losses (~50%) 
-          Failing grass cuts 

-          Lower milk production 

-          Oxygen deficits in surface water bodies 

Table 5-1: Impacts of 2015 drought event according to van Lanen et al. (2016)93 

5.1.2 EMERGENCY MANAGEMENT PROCESSES 

Although the occurrence of drought events increased significantly in the last 30 years, most 

countries had no or only sparse plans for drought risk management. Current plans are predominant 

ad-hoc reactive plans and not proactive or preventive94 95. 

Nevertheless, since the big drought events in the early 2000s the awareness for the need of more 

effective drought emergency plans increased. According to FAO (2014)96 at least three components 

for reasonable plan development are necessary: 

 monitoring and early warning systems 

 vulnerability and impacts assessment 

                                                      

93 Van Lanen, H.A.J. et al., (2016). Hydrology needed to manage droughts: the 2015 European case. Hydrology Processes. 

30, 3097-3104. 
94 FAO, (2014). Towards risk-based drought management in Europe and Central Asia. ECA 38/14/4 
95 Wilhite, D.A., M.J. Hayes, and C.L. Knutson, (2005). “Drought Preparedness Planning: BuildingInstitutional Capacity”, 

In: Drought and Water Crisis: Science, Technology, and Management Issues, ed., D.A. Wilhite, Taylor and Francis: New 

York, 93-135. 
96 FAO, (2014). Towards risk-based drought management in Europe and Central Asia. ECA 38/14/4 
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 mitigation and response actions 

As suggested above, the EDO provides data for drought monitoring for the European countries. 

Based on EO data, meteorological data and the resulting indices such as SPI the EDO also computes 

monthly drought predictions97 (Lavaysse, 2015). For the more vulnerable countries in the southeast 

of Europe, the Drought Management Centre for South-eastern Europe (DMCSEE) was founded 

which also record and analyse of occurrence, severity, duration and extent of drought events.  

In Eastern Europe the Global Water Partnership Central and East Europe (GWPCEE) developed the 

Guidelines for preparation of the drought management plans for effective reaction in drought 

emergency situations. These guidelines are developed in the context of the EU Water Frame 

Directive (WFD) and involves different steps for producing and updating drought management 

plans98: 

 

1. Define the content of the Drought Management Plan 

2. Characterise and evaluate historical drought events 

3. Establish indicators and thresholds for drought classification 

4. Establish drought early warning systems 

5. Develop a programme of measures 

6. Establish organizational framework for production, implementation, and updating of the 

Drought Management Plan 

7. Identify gaps and uncertainties 

An example for drought management on national level is the National Drought Indicator System 

(NDIS) in Spain.  The NDIS is formed by variables describing the river basin drought status and include 

attributes e.g. reservoir storages, groundwater piezometric levels, and streamflows. The indicators 

are compared to historical data to assure its applicability and standardised to values ranging from 0 

to 1 for defining the drought status: normal, pre-alert, alert, and emergency99.  

5.2 LANDSLIDES 

The term “landslide” describes a wide variety of processes that result in the downward and outward 

movement of slope-forming materials including rock, soil, artificial fill, or a combination of these 

                                                      

97 Lavaysse, C., Vogt, J., Pappenberger F., (2015). Early warning of drought in Europe using the monthly ensemble system 

from ECMWF. Hydrology and Earth System Sciences. 19, 3273-3286. 
98 Global Water Partnership Central and Easter Europe, (2015). Guidelines for the preparation of Drought Management 

Plans. Development and implementation in the context of the EU Water Framework Directive, Global Water Partnership 

Central and Eastern Europe, 48pp 
99 Estrela T, Vargas E., (2012). Drought management plans in the European Union. The case of Spain. Water Resources 

Management 26:1537–1553 
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100. The materials may move by falling, toppling, sliding, spreading, or flowing. The various types of 

landslides can be differentiated by the kinds of material involved and the mode of movement. Other 

classification systems incorporate additional variables, such as the rate of movement and the water, 

air, or ice content of the landslide material.  

The incidence and recurrence of landslides are conditioned by several topographic and geo-

environmental aspects related to soil properties, geological structure, lithology and weathering 

conditions, slope morphology, land cover, and water flow101. Landslide natural triggering depends 

on the rapid changes in groundwater level and/or flow (volume and velocity), precipitation (both 

average and peak), natural erosion (at coastal cliffs, river banks, along slopes, and areas of sediment 

discharges102, snowmelt, earthquakes, and volcanic processes103. In addition, landslides can be 

also triggered by human activities, namely, by slope undercutting or excavation in the construction 

of motor/railways, landfill or building construction, mining, deforestation, irrigation, during dam 

construction and exploitation, and water leakage from utilities. Often, it can be a combination of 

natural and human activities that induces landslides. 

Although landslides are primarily associated with mountainous regions, they can also occur in areas 

of generally low relief. In low-relief areas, landslides occur as cut-and fill failures (roadway and 

building excavations), river bluff failures, lateral spreading landslides, collapse of mine-waste piles 

(especially coal), and a wide variety of slope failures associated with quarries and open-pit mines.  

5.2.1 Landslides in Europe 

In Europe, landslides are widely spatially distributed104 105 though they predominate in 

mountainous, hilly, and coastal regions. Landslides in Europe are mostly triggered by natural 

extreme events such as storms (i.e., heavy rainfall), earthquakes, and floods and only minor by 

human activities, such as mining and excavation works. Over 633,000 landslides are recorded in 

national European databases, representing on average less than 50% of the estimated landslides 

occurred in these countries (see Figure 5-4). 

Approximately 1.3 to 3.6 million Europeans live in landslide prone areas106. Additionally, 8000 to 

20,000 km of roads and railways are highly exposed to landslides. Their exposure threatens the 

                                                      

100 USGS  https://pubs.usgs.gov/fs/2004/3072/pdf/fs2004-3072.pdf 
101 Margottini C, Canuti P, Sassa K, (2013). Landslide science and practice: landslide inventory and susceptibility and 

hazard zoning - volume 1. Springer International Publishing, New York 
102 Teramoto Y, Shimokawa E, Jitosono T, (2005). Effects of volcanic activity on volcanic ash deposition and erosion rate 

in the Hikinohira and Saido River Basins in Mt. Sakurajima. Res Bull Kagoshima Univ 33:21–28 
103 Fell  et al., (2008). Guidelines for landslide susceptibility, hazard and risk-zoning for land use planning. Eng Geol 

102:85–98 
104 Hervás J, (2003). Lessons Learnt from Landslide Disasters in Europe. 
105 Van Den Eeckhaut M et al., (2012). Statistical modelling of Europe-wide landslide susceptibility using limited landslide 

inventory data. Landslides 9:357–369 
106 Jaedicke C et al., (2014) Identification of landslide hazard and risk ‘hotspots’ in Europe. B Eng Geol Environ 73:325–

339 

https://pubs.usgs.gov/fs/2004/3072/pdf/fs2004-3072.pdf
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effectiveness of emergency response and recovery operations107. In the beginning of the twenty-

first century, Europe’s landslide prone regions have been experiencing an increasing number of 

landslide occurrences and casualties. The International Disaster Database (EM-DAT) reported that, 

in the last century, Europe was the second highest in the world among all continents in fatalities 

and had the highest economic losses (1.55 billion Euros) as a result of landslides. Average economic 

loss per year in Europe is approximately 4.7 billion Euros108. 

In general, fatalities due to landslides are a consequence of rapid and extremely rapid slope 

movements such as debris and mud flows, triggered by high intensity precipitation (Lanteri & 

Colombo, 2013). However, according to Haque et al., 2016, triggering factors for only 14 % of the 

studied landslides could be definitely identified. Nearly 14 % of fatal landslides in Europe during last 

20 years were associated with direct floods (6.5 %), mining (2.6 %), construction works (1.9 %), 

storms (0.9 %), coastal erosion (0.7 %), earthquakes (0.5 %), and train derailment due to landslide 

(0.8 %). Rainfall was reported before most of the landslides. The trigger mechanisms for 86 % of 

deadly landslides that occurred in Europe however could not be determined, but might be 

associated with excessive pore pressure due to rainfall and snow melting or soil erosion due to 

deforestation or combination of rainfall and deforestation109.  

 

Figure 5-4: Spatial distribution of fatal (death, injury, and missing) landslides110  

In European countries during last 20 years, 1995-2014, 1370 deaths and 784 injuries were recorded 

from 476 deadly landslide events, an average of 108 ±82 casualties each year. Among the type of 

landslides that caused human losses, they found rock falls, debris flows, and a large number of 

events, for which the landslide typology was not identified (herein referred to as landslide not 

specified). In the last 20 years, deadly landslides increased in Europe (Fig. 6-4) and have been 

reported. In some countries, these landslides have occurred almost randomly within the 20-year 

                                                      

107 Safe Land http://esdac.jrc.ec.europa.eu/projects/safeland 
108 EM-DAT: International Disaster Database http://www.emdat.be/ 
109 Wienhofer J, Lindenmaier F, Zehe E (2011). Challenges in understanding the hydrologic controls on the mobility of 

slow-moving landslides. Vadose Zone J 10:496–511 
110 Haque, U., Blum, P., da Silva, P.F. et al. Landslides (2016). doi:10.1007/s10346-016-0689-3 

http://esdac.jrc.ec.europa.eu/projects/safeland
http://www.emdat.be/
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period, but in others, e.g., Italy and Turkey, many more landslides have been observed in the second 

half of the period and particularly in the last 5 years. The most seriously affected country (>50 

fatalities) was Turkey (with 335 landslide-induced deaths), followed by Italy (283), Russia (169), and 

Portugal (91). Deadly landslides were reported throughout the year, although casualties dominate 

with the exception of May (12.6 % of the casualties and 17.5 % fatalities) and July (15 % of the 

casualties and 18 % fatalities). The highest numbers of deadly landslides were reported between 

March and August, with a continuous increase in the number of events observed in the summer 

months followed by decline through the fall and winter.  

5.2.2 Emergency management process 

Landslides are one of the soil threats considered in the EU Thematic Strategy for Soil Protection and 

the related Proposal for a Soil Framework Directive. The Strategy calls for actions and means for the 

protection and sustainable use of soils as a physical platform on which human activities are 

developed. The proposed Directive, in turn, intended to be the Strategy implementation tool. This 

would mainly require to identify landslide and other soil threat risk areas in the European Union, set 

risk reduction targets for those areas and establish programmes of measures by Member States to 

achieve them. 

On 13 February 2012 the European Commission published the report The implementation of the 

Soil Thematic Strategy and ongoing activities (COM(2012) 46). The report provides an overview of 

the actions undertaken by the Commission to implement the four pillars of the Strategy, namely 

awareness raising, research, integration, and legislation. It also presents current and future 

challenges to ensure soil protection. The report includes a preliminary version of the later published 

landslide susceptibility map of the EU and neighbouring, countries produced by the European 

Landslide Expert Group coordinated by JRC. The report is in agreement with INSPIRE Directive, 

which aims at establishing an Infrastructure for Spatial Information in the European Community 111.  

In the proposal for a Soil Framework Directive, risk areas are understood as areas where one or 

more of the soil degradation processes have occurred or are likely to occur in the near future. Hence, 

identification of so-called landslide risk areas could in principle be accomplished by one or more of 

the following maps:  

 Landslide inventory maps (and landslide density maps as a by-product), which show at least 

the geographical distribution of past landslides, and associated databases of landslide and 

terrain properties;  

 Landslide susceptibility maps, which show the proneness or the probability of occurrence of 

landslides of certain type in a given area;  

 Landslide hazard maps, which show the probability of occurrence of landslides of certain 

type and magnitude in a particular area within a given period of time; or  

                                                      

111Directive 2007/2/EC, INSPIRE http://inspire.ec.europa.eu/ 

http://ec.europa.eu/environment/soil/three_en.htm
http://esdac.jrc.ec.europa.eu/ESDB_Archive/Policies/Directive/com_2006_0232_en.pdf
http://ec.europa.eu/environment/soil/three_en.htm
http://ec.europa.eu/environment/soil/three_en.htm
http://esdac.jrc.ec.europa.eu/themes/european-landslide-expert-group
http://esdac.jrc.ec.europa.eu/themes/european-landslide-expert-group
http://inspire.ec.europa.eu/


 
Improving Resilience to Emergencies through Advanced Cyber Technologies 

 

  

 

Project: I-REACT Report on Multi Hazard requirement analysis Deliverable ID: D2.1 
Grant Agreement: 700256   Call ID: H2020-DRS-1-2015 Page: 91 of 101 

 

 Landslide risk maps, which show potential damage or losses caused by landslides to 

individuals, infrastructure and property.  

Preparedness: Preparedness describes the ability of a community to anticipate a natural hazard 

and put established plans and procedures into action. Landslide hazard and risk maps are important 

tools to raise awareness for more susceptible areas. Table 5-2 gives a schematic overview of the 

main data layers required for landslide susceptibility, hazard and risk assessment. These can be 

subdivided into four groups: landslide inventory data, environmental factors, triggering factors, and 

elements at risk112.  

 

Table 5-2: Schematic representation of basic data sets for landslide susceptibility, hazard and risk assessment. Left: 

indication of the main types of data, Middle: indication of the ideal update frequency, RS: column indicating the 

usefulness of Remote Sensing for the acquisition of the data,  Scale: indication of the importance of the data layer 

at small, medium, large and detailed scales, related with the feasibility of obtaining the data at that particular scale, 

Hazard models: indication of the importance of the data set for heuristic models, statistical models, deterministic 

models, and probabilistic models, Risk models: indication of the importance of the data layer for qualitative and 

quantitative vulnerability and risk analysis. (C=Critical data set, H=highly important, M=Moderately important, and 

L=Less important, –=Not relevant). 

Of these, the landslide inventory is by far the most important, as it should give insight into the 

location of landslide phenomena, the types, failure mechanisms, causal factors, frequency of 

occurrence, volumes and the damage that has been caused. With regard to its content, Herva´s 

(2012) distinguishes between core attributes, additional information and complementary data. Core 

attributes of a database are a unique identification code, location (geographical coordinates, 

landslide site name, municipality, province or county, region or state), type of landslide, date of 

                                                      

112 van Westen, C.J., et al., (2008). Spatial data for landslide susceptibility, hazard, and vulnerability assessment: An 

overview, Engineering Geology doi:10.1016/j.enggeo.2008.03.010 
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occurrence or last reactivation, state of activity and volume or surface extent. Additional 

information may include landslide geometry (surface dimensions, depth of failure surface), geology 

(lithology, structure, material properties), hydrology, land cover or use, slope geometry, triggering 

factor, impact (casualties, damage), remedial measures, surveying methods and date, surveyor’s 

name and bibliographical references. Finally, complementary data can be illustrations (ground or 

aerial photographs) and monitoring data. Landslide inventory databases should display information 

on landslide activity, and therefore require multi-temporal landslide information over larger 

regions. For detailed mapping scales, activity analysis is often restricted to a single landslide and 

becomes more landslide monitoring. The environmental factors are a collection of data layers that 

are expected to have an effect on the occurrence of landslides, and can be utilized as causal factors 

in the prediction of future landslides. 

In order to make a reliable map that predicts the landslide hazard and risk in a certain area, it is 

crucial to have insight in the spatial and temporal frequency of landslides, and therefore each 

landslide hazard or risk study should start by making a landslide inventory that is as complete as 

possible in both space and time. Attempts have been made to standardize classification in 

nomenclature for landslides113 114 , landslide activity115, causes of landslides116, rate of movement 

and remedial measures for landslides117. Landslide inventories can be carried out using a variety of 

techniques, which are summarized in Table 5-3. 

                                                      

113 IAEG-Commission on Landslides (1990). Suggested nomenclature for landslides. Bulletin of the International 

Association of Engineering Geology 41, 13-16. 
114 UNESCO-WP/WLI, (1993). Multilingual Landslide Glossary. Bitech Publishers Ltd., Richmond, Canada, 34 pp. 
115 UNESCO-WP/WLI, (1993). A suggested method for describing the activity of a landslide. Bulletin of the 

International Association of Engineering Geology 47, 53-57. 
116 UNESCO-WP/WLI, (1994). A suggested method for reporting landslide causes. Bulletin of the 

International Association of Engineering Geology 50, 71-74. 
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Table 5-3: Overview of techniques for the collection of landslide information. Applicability of each technique for 

small, medium, large and detailed mapping scales. (H=highly applicable, M=moderately applicable, and L=Less 

applicable) 118. 

 

Early Warning: A fully operational early warning system requires a systematic organisation, check 

and evaluation of possible failure of the technical systems that are the basis for the measured data. 

In addition, there is a need for continuous interpretation of the geo-indicator data. Some of these 

requirements are described in Blikra and Kristensen (2011)119. The following gives an overview of 

some of the key elements that should be structured, including both technical systems and the 

geological interpretations.  

Technical systems:  

 Total structure/flow chart of the technical systems, including individual sensors, power supply, 

communication (data transfer) and warning systems.  

 Redundant systems ensuring that acceptable amount of measuring data for the geological 

interpretation can exist during failure of parts of the technical systems. This needs backup 

system on sensors, power supply (field and monitoring centre), data transfer and data servers. 

 Automatic messages (SMS) from the technical system during failure to the technical person on 

duty. 

                                                      

118 van Westen, C.J., et al., (2008). Spatial data for landslide susceptibility, hazard, and vulnerability assessment: An 

overview, Engineering Geology, doi:10.1016/j.enggeo.2008.03.010 
119 L.H. Blikra, L. Kristensen. Monitoring concepts and requirements for large rockslides in Norway, in: C. Margottini, P. 

Canuti, K. Sassa (Eds.), Landslide Science and PracticeVol. 2, Springer, Berlin Heidelberg (2013), pp. 193–200 

http://dx.doi.org/10.1007/978-3-642-31445-2_25 
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 Alarms on the technical systems need to be checked out. The response time is dependent on 

the type of failure. A plan for the response time for different type and extent of failure should 

be outlined. 

 Annual inspection and maintenance (maintenance plan for the different systems). 

Geological check list: 

 Document describing the task of the geologist on duty, including communication routines during 

different alarm levels and during change of the levels 

 Define sensors that can be used for automatic SMS. Threshold values need to be defined for 

each of the selected sensors, depending largely on the accuracy and the precision. In practice, 

SMS messages from the sensors may be used as a pre-alert to the geologist on duty, but not for 

automatic redefining of alarm levels 

 Automatic SMS messages are checked to see if the data overcoming the threshold values are 

due to noise (e.g. weather conditions) or due to increased deformation (for example) 

 Daily check of all measured data and interpret the conditions in terms of increased deformation 

or change of other geo-indicators (e.g. rainfall/snowmelt or water pressure) 

 Daily log and weekly reports as part of the quality control 

 Decision of change in the alarm level is normally done in dialogue with the leader of the 

geological group. Routines need to be documented 

 Yearly review of the conditions and reporting. This may also include review by an expert panel 

In designing an early warning systems, the correct setting of alarm thresholds is a core element. For 

this reason, it is better to design an early warning system with more than one alarm level based on 

more than a single parameter, some of them could directly correlate to the landslide physics while 

some of them could less correlate. The most common geo-indicators are: displacement, velocity, 

acceleration, water table level, pore pressure, soil moisture, rainfall, earthquake, and floods, as 

showed in Table 5-4. 
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Table 5-4: Example of warning levels for a landslide EWS, Ancona EW centre120  

Landslide Response: For the response during and after major natural disasters the primary tasks 

are to rescue people, fulfil their basic needs and to assess and secure the status of important 

infrastructure.  The example below (Table 5-5) comes from the “Response Guidelines for 

Landslides”121 

 
A. En route to site B. At the incident site / Wide 

Area Assessment 
C. Before entering the risk area 

✓ Open channels for information 

transfer to geotechnical expert 
✓ Take out available relevant map 

data: 
- slope stability mapping 
- terrain/topographic maps 
- maps of built-up areas 
- soil maps 
- map of grids (water/sewage, gas, 
electricity, telephones/data) - map 

of protected and at-risk objects - 

flood maps 
✓ Contact SOS for more 

information and state preliminary 

Forward Control Point, access 
route and any roadblocks 
✓ Immediately requisition search 

dog teams 
✓ Make an initial assessment of the 

need for additional resources 
✓ Start a log-book including data 

for applications for compensation 

✓ Establish extent of affected area  
✓ Assess the consequences of the incident 

(life, environment, property) 
✓ Determine Emergency Response 

Objectives  
✓ Notify the command support centre about 

the location and extent of the affected area  
✓ Identify mass movement type (see Mass 

movement types)  
✓ Analyse risks in the area, in consultation 

with the geotechnical expert, using support 

maps and observation. Pay particular 
attention to: 
- Extent of the landslide 
- Whether the angle of the scarp is steep or 
gentle 
- Slope elevation, angle and length - 

Topography of the immediate area 
- Soil type: clay (loose or solid soil masses) 

or coarse-grained soil 
- Presence of solid ground 
- If water is leaking out of the ground - 

Distance to watercourses and watercourse 
type, size, depth - Weather conditions 
- Distance to threatened 

objects/infrastructure and ongoing 
earthworks 
✓ Identify and rank (according to 

probability, consequences and time frame) 
possible subsequent scenarios based on the 

analysis of risks 
✓ If the risk assessment proves that it is too 

dangerous to enter the area, conduct 

alternative measures as the situation allows 

✓ Establish the risk zone based on probable subsequent scenarios; 

cordon off. Update continuously! ✓ Request immediate 

shutdown of the water/sewage, gas and electric grids. Ensure that 
there is feedback when the shutdown has been carried out! 
✓ If there is a risk of explosion or an emission of hazardous 

substances, immediately contact technical/ environmental experts 
✓ Decide, establish, mark and communicate: 
• Forward Control Point 
• Approach routes to the FCP 
• Command post 
• Situation report 
• Zoning (see Operational issues/Zoning) 
• Evacuation plan: 
- Entry and exit routes 
- Evacuation signal (see Operational issues/Evacuation signal) 
- Safe sites 
- Safety Officer 
- Observers (assign to posts) 
- Emergency teams for hot/warm zones 
• Sectors (appoint officers) as needed 
• Assembly points for the uninjured (also information point), 

injured and deceased 
• Media information and photography/filming point 
✓ Ensure registration of affected individuals 
✓ Install warning-systems as needed 
✓ Request medical assistance on behalf of the emergency 

responders on standby 

D. When the risk area is entered E. Inform 

                                                      

120 Safe Land, D4.4 http://esdac.jrc.ec.europa.eu/projects/safeland 
121 Swedish Civil Contingencies Agency. Response Guidelines for Landslides. ISBN 978-91-7383-394-3 

http://esdac.jrc.ec.europa.eu/projects/safeland
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✓ Evacuate the public as needed 
✓ Position (set up landmarks, indicate on the map for the joint situation report) 
✓ Collate data for missing persons ✓ Determine search prioritizing strategy (see 

Operational Issues/Prioritizing strategy) 
✓ Carry out emergency geotechnical work as needed and take measures to reduce 

the risk of secondary effects 

✓ Municipal management and the relevant authorities and 

organizations 
✓ The public via mass media 

D1. When the risk area is entered 
/ Sector Assessment 

D2. When the risk area is entered / 

Rapid/Full Search and Rescue 

(worksites) 
✓ Designate response personnel to 

go with search dog teams in order 

to mark and communicate victim 
finds to Command post 
✓ Check first visible objects then 

entire area: 
• Identify and mark worksites and 

mark presence of any victims, life 

status and position  
• Object with no live or dead 

victims: mark the object as clear  
• Object with no live victims: 
indicate that the object only 

contains dead bodies 
• Create a resources and logistics 
plan as a basis for potential 

requisition of additional resources, 

equipment and experts 

✓ Conduct search and rescue on identified 

worksites 
✓ When an ASR level is completed or the 

operation is handed over: update marking 

on worksite  
✓ Follow up: do the Emergency Response 

Objectives/ method/resources meet the 

need? Correct as needed  
✓ Order meals, warm space, dry clothes etc. 

and organize personnel rotation 
✓ When the imminent danger has passed, 

clarify the responsibilities of land/property 
owners and inform them about the possible 

need for further measures 

Table 5-5: Example of Response Guidelines for Landslides, Sweden122 

Remote sensing has already become an essential tool to quickly obtain information about the 

distribution and severity of caused damages, the status of infrastructure or the locations of 

displaced people. A quick delivery of information is essential in this context and limits the 

applicability of techniques involving considerable time for data collection and/or processing. Yet, it 

also has to be noted that the analyses should aim at exploiting all data becoming available during 

the disaster response. As a consequence of international initiatives for remote sensing and disaster 

response the availability of remote sensing data is increasingly good after major events, but also 

initiatives on the local, regional and national level should aim at fast and dense data acquisition 

directly after an event. 

Besides institutionalized efforts for remote sensing-based production of emergency response maps 
123 there has been an increasingly large interest in tools that enable collaborative map creation by 

non-experts and volunteers to react upon major disasters. Map creation by laymen, also entitled as 

neogeography or crowdsourcing can yield geographic databases with considerable detail and spatial 

accuracy124and generally profits from knowledge of local communities125. Though such tools are not 

remote sensing techniques in a classical sense as such and even though a lot of further research is 

                                                      

122 Swedish Civil Contingencies Agency. Response Guidelines for Landslides. ISBN 978-91-7383-394-3 
123 Kerle, N. (2010). Satellite - based damage mapping following the 2006 Indonesia earthquake : How accurate was it?, 

International journal of applied earth observation and geoinformation: JAG, 12(6), 466-476. 
124 Girres, J.-F., and G. Touya (2010), Quality Assessment of the French OpenStreetMap Dataset, Transactions in GIS, 

14(4), 435-459. 
125 de Leeuw, J., et al., (2011). An Assessment of the Accuracy of Volunteered Road Map Production in Western Kenya, 

Remote Sensing, 3(2), 247-256. 
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still needed to understand expectable information content and accuracy of crowd source maps, it 

can be expected that they will gain an increasingly important role in emergency response126. 

Landslide recovery: The recovery phase follows and overlaps the disaster response and the 

application of remote sensing is probably the least developed for this phase 127 .  

5.3 EARTHQUAKES 

5.3.1 DESCRIPTION AND STATISTICS 

An earthquake is defined by perceptible vibrations of the earth surface, causing by a sudden release 

of energy which builds up in the crust of the earth128. Earthquakes have huge threaten on human 

life as well as cities and villages. Europe has a long history of destructive earthquakes.  

Most earthquakes are resulting from compressional or tensional stresses built up at the margins of 

the moving lithospheric plates. Sudden release of stress along a fault or a fracture in the earth's 

crust forces movement of the opposing blocks of rock past one another, which immediately causing 

most shallow-earthquakes. On the regional extent, volcanic activities, rockfalls, landslides and 

explosions can also cause an earthquake. With favourable geological conditions, smaller 

earthquakes can be triggered by shock waves from a powerful earthquake in distant location 

hundreds of miles away129. 

Earthquakes are measured using observations from seismometers. The magnitude and intensity of 

an earthquake are determined by the use of scales, e.g., the Moment Magnitude Scale, Richter 

Scale, and the Modified Mercalli Scale.  

The Moment Magnitude Scale most commonly used on earthquakes larger than approximately 

magnitude 5, which are normally reported for the entire globe (Figure 5-5). It is also often used to 

rate the total energy an earthquake releases. 

                                                      

126 Goodchild, M. F. (2010). Crowdsourcing geographic information for disaster response: a research frontier, 

International Journal of Digital Earth, 3(3), 231-241. 
127 Joyce, K. E., K. C. Wright, S. V. Samsonov, and V. G. Ambrosia (2009). Remote sensing and the disaster management 

cycle, in Advances in Geoscience and Remote Sensing, edited by G. Jedlovec, pp. 317-346, In-Teh, Olajnica, Croatia. 
128 British Geological Survey 
129 Causes of Earthquake http://www.infoplease.com/encyclopedia/science/earthquake-causes-earthquakes.html 

https://en.wikipedia.org/wiki/Crust_(geology)
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Figure 5-5: The Moment Magnitude Scale used to rate the total energy an earthquake releases130 

Most earthquakes reported by national seismological observatories, which are smaller than 

magnitude 5 are measured mostly on the local magnitude scale, also referred to as the Richter 

magnitude scale (Table 5-6). 

 

Table 5-6: The Richter Magnitude Scale and the Modified Mercalli Scale131  

                                                      

130 USGS  https://earthquake.usgs.gov/learn/topics/measure.php 
131 http://earthquake.usgs.gov/  

http://earthquake.usgs.gov/
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The Modified Mercalli scale is used to measure shaking intensity132 (Figure 5-6). European areas 

which have highest earthquake hazard are the south-eastern European areas, e.g. Greek, Italy and 

Romania, where one plate comes into contact with another, developing shear stresses to trigger 

earthquakes. The earthquake activity zone is sometimes referred to as the "Mediterranean and 

trans-Asiatic" zone. Earthquakes in this zone have foci aligned along mountain chains. These active 

zones have not changed significantly through human history133.  

 

Figure 5-6: European Seismic Hazard Map (ESHM) displays the ground motion (i.e. the Peak Ground Acceleration 

PGA) expected to be reached or exceeded with a 10% probability in 50 years.134  

A broad zone surrounding the epicentre gets the strongest effects caused by an earthquake.  Cracks 

on surface ground related to faults that reach the surface often occur, commonly with horizontal 

and vertical displacements of several yards. Falling structures and flying glass and objects during an 

earthquake also result in damage and loss of life. In certain areas, an earthquake can trigger 

landslides to bury habitations below the mountain slopes. A tsunami can be triggered by a 

                                                      

132  Crustal.ucsb.edu.  

133 Europe: earthquake hazard map http://www.preventionweb.net/english/professional/maps/v.php?id=3825 
134 http://www.share-eu.org/node/90 

http://quake.utah.edu/regional-info/earthquake-faq
http://www.preventionweb.net/english/professional/maps/v.php?id=3825
http://www.share-eu.org/node/90
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submarine earthquake. The damaging waves can ripple outward from the earthquake epicentre to 

coastal cities. Earthquakes can also occasionally trigger volcanic activity. 

The worst damage occurs in urban areas with dense populations where structures are not capable 

to withstand intense shaking. In those places destructive vibrations produced by earthquakes can 

break water and gas lines, starting uncontrollable fires in buildings135. 

In Izmit, Turkey (1999) a strong earthquake measuring 7.6 on the Richter scale killed 17 000 people, 

while in L’Aquila, Italy (2009) a moderate 5.9 magnitude quake killed more than 300 people and 

destroyed much of the city136. The latest Central Italy .Earthquake in 2016 killed 296 people, while 

more than 2,000 people were made homeless, 293 cultural heritage assets damaged, with 50 of 

them damaged badly and at least 2 heritage sites partially collapsed137 . 

Earthquake warning systems nowadays can only provide regional notification of an earthquake 

which is in progress. The predictions of time and place in which earthquakes will occur are still not 

available. But progressing achievements have been reached with considerable research efforts by 

seismologists.  

5.3.2 EMERGENCY MANAGEMENT PROCESS  

Monitoring: Earthquakes are one of the most unpredictable hazards and the monitoring of seismic 

active zones is a very complex task that involves (i) monitoring earthquakes, (ii) analysis and 

statistics of earthquake activity, (iii) analysis of historical and prehistoric earthquake activity, (iv) 

earthquake risk estimation, (v) geodetic monitoring, ground deformation measurements, (vi) 

geomorphic and geologic indications of active tectonics138.  

 

Alert (Early Warning): The term “earthquake early warning” (EEW) is used to describe real-time 

earthquake information systems that have the potential to provide warning prior to significant 

ground shaking. This is possible by rapidly detecting the energy radiating from an earthquake 

rupture and estimating the resulting ground shaking that will occur later in time either at the same 

location or some other location. Warning times range from a few seconds to a little more than a 

minute and are primarily a function of the distance of the user from the earthquake epicentre. After 

receiving a warning, a person may have few seconds to a minute or more to take action. 

 

Response: Earthquake events might be very sudden and disastrous. For quick mobilization of 

response and relief communities, it is necessary to identify the exact location of impacted areas in 

the first 72 hours after disaster, which is important for survival of people injured. This information 

                                                      

135 Damage Caused by Earthquakes http://www.infoplease.com/encyclopedia/science/earthquake-damage-caused-

earthquakes.html 
136 Mapping Europe’s earthquake risk http://horizon-magazine.eu/article/mapping-europe-s-earthquake-risk_en.html 
137 2016 Central Italy earthquakehttps://en.wikipedia.org/wiki/2016_Central_Italy_earthquake#cite_note-Guardian-37 
138 The Geological Society of America (2009) Seismic monitoring Lawrence W. Braile* Department of Earth and 

Atmospheric Science, Purdue University, West Lafayette, Indiana 47907-2051, USA 
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is valuable for response activities, which includes search and rescue operations, access control and 

re-entry to the impacted are, debris clearance, restauration of utilities and lifeline repairs and 

inspection, condemnation and/or demolition of buildings and other structures139 (FEMA, 1996). In 

such a case, remote sensing technology can be an important tool to get the required information, 

as it can overcome access problems.  

 

Post-Disaster: Through high-resolution optical imagery and active sensors (e.g., synthetic aperture 

radar, or more commonly known as SAR, and light detection and ranging or LIDAR), remote sensing 

technologies have demonstrated significant efficacies in quantifying post-disaster damage, 

monitoring recovery and reconstruction progress after significant disasters, and more recently, in 

developing information on our urban infrastructure. The use of remotely-sensed data for assessing 

building damage offers significant advantages over ground-based survey. Where the affected area 

is extensive and access limited, it presents a low-risk, rapid overview of an extended geographic 

area140.  

5.4 I-REACT CONTRIBUTIONS  

Given the importance of droughts, landslides, and earthquakes, which are the secondary hazard 

group, the I-REACT project will implement some functionalities in order to support these hazards 

too. 

Specifically, the crowdsourcing approach (reporting) will support also these kind of events, allowing 

both public authorities and citizens to report about the occurrence of the event, and about the 

damages observed. Also, the Copernicus EMS activations related to the secondary hazard group will 

be intercepted and the maps produced will be ingested and complemented with in-field reports 

from the I-REACT application, if any, and with social media streams. 

The social media algorithms for event detection and filtering will be tested also on the secondary 

hazard groups and included in the I-REACT solution if they will provide good results. 

The extreme weather detection that will be implemented could be used within the management of 

any kind of weather related hazards, landslides included, while the climate change maps produced 

by I-REACT could be used as inputs for long term risk assessment of droughts. 

Risk, nowcast and forecast maps will not be produced for the secondary hazard group. 

 

 

                                                      

139 FEAMA, (1996). Guide for All-Hazard Emergency Operations Planning, 279 pp. 
140 Derya Ozisik. Post-earthquake damage assessment using satellite and aerial video imagery. Phd thesis, 2004 


