
 

   

  

 

  MAIN REPORT // 

ESPON-TITAN  
Territorial Impacts  
of Natural Disasters 
Final Report 

Applied Research // April 2021 

 



 

 

This MAIN REPORT is conducted within the framework of the ESPON 2020 Cooperation 

Programme, partly financed by the European Regional Development Fund. 

The ESPON EGTC is the Single Beneficiary of the ESPON 2020 Cooperation Programme. The 

Single Operation within the programme is implemented by the ESPON EGTC and co-financed by 

the European Regional Development Fund, the EU Member States and the Partner States, 

Iceland, Liechtenstein, Norway and Switzerland. 

This delivery does not necessarily reflect the opinions of members of the ESPON 2020 Monitoring 

Committee. 

Coordination: 

Carolina Cantergiani, Efrén Feliu, Fundación TECNALIA Research & Innovation (Spain) 

Outreach: 

Click or tap here to enter text. 

Authors 

Carolina Cantergiani, Daniel Navarro, Gemma García, Efrén Feliu, Fundación TECNALIA 

Research & Innovation (Spain) 

Johannes Klein, Marianne Valkama, Philipp Schmidt-Thomé, Vilja Kesäläinen, Michael Staudt, 

Geological Survey of Finland (Finland) 

Mark Fleischhauer, Stefan Greiving, Polina Mihal, Maren Blecking, Pauline Fehrmann, Lena Jorg, 

TU Dortmund University (Germany) 

Koen Rademaekers, Foivos Petsinaris, Lisa Korteweg, Olga Ivanova (independent expert), Louis 

Eklund, Trinomics (The Netherlands) 

Boglárka Molnár, Dóra Fazekas, Jon Stenning, Cambridge Econometrics (Hungary and United 

Kingdom) 

 

Technical Support 

Click or tap here to enter text. 

Advisory group 

Project Support Team: Adriana May, Lombardy Region (Italy), Marcia Van Der Vlugt, Ministry of 

the Interior and Kingdom Relations, Spatial Development Directorate (The Netherlands) ESPON 

EGTC: Zintis Hermansons (Project Officer), Caroline Clause (Financial Expert) 

Acknowledgements 

Click or tap here to enter text. 

Information on ESPON and its projects can be found at www.espon.eu. 

The website provides the possibility to download and examine the most recent documents 

produced by finalised and ongoing ESPON projects. 

ISBN: Click or tap here to enter text. 

© ESPON, 2020 

Printed in Click or tap here to enter text. 

Printed on paper produced environmentally friendly 

Layout and graphic design by BGRAPHIC, Denmark 

Printing, reproduction or quotation is authorised provided the source is acknowledged and a copy 

is forwarded to the ESPON EGTC in Luxembourg. 

Contact: info@espon.eu 

 

mailto:info@espon.eu


 

   

  

 

  MAIN REPORT // 

ESPON-TITAN  
Territorial Impacts  
of Natural Disasters 
Final Report 

Applied Research // April 2021 

  Disclaimer 

This document is a final report. 

The information contained herein is subject to change and does not 

commit the ESPON EGTC and the countries participating in the 

ESPON 2020 Cooperation Programme. 

The final version of the report will be published as soon as approved. 





MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

 ESPON // espon.eu 5 

Table of contents 

List of maps ......................................................................................................................................... 7 

List of figures....................................................................................................................................... 8 

List of tables ........................................................................................................................................ 9 

Abbreviations .................................................................................................................................... 10 

Glossary ............................................................................................................................................. 11 

Executive summary .......................................................................................................................... 13 

1 Introduction ............................................................................................................................... 18 

1.1 ESPON-TITAN conceptual framework ....................................................................................... 18 

1.2 ESPON-TITAN rationale ............................................................................................................ 19 

1.3 ESPON-TITAN messages .......................................................................................................... 21 

2 Natural Hazards Patterns in Europe ........................................................................................ 23 

2.1 Individual and joined analysis of natural hazard distributions ..................................................... 23 

2.1.1 Aggregated hazard map ............................................................................................................. 23 

2.1.2 River floods ................................................................................................................................ 25 

2.1.3 Storms ........................................................................................................................................ 26 

2.1.4 Droughts .................................................................................................................................... 27 

2.1.5 Earthquakes ............................................................................................................................... 28 

2.1.6 Landslides .................................................................................................................................. 28 

2.2 Policy relevance of the hazard distribution analysis ................................................................... 29 

3 Economic Impacts of Natural Hazards in Europe .................................................................. 30 

3.1 Analysis of the economic impact of disasters: global approach ................................................. 30 

3.2 Potential economic impact in relation to hazards ....................................................................... 33 

3.3 Policy relevance of the global economic impact analysis ........................................................... 39 

4 Downscaling through a Local Economic Impact Analysis ................................................... 40 

4.1 Comparison between global and local analysis ......................................................................... 40 

4.1.1 Analysis of the Flooding of 2013, Prague ................................................................................... 40 

4.1.2 Analysis of the Windstorm Xynthia of 2010, Charente-Maritime ................................................ 43 

4.2 Policy relevance of local economic impact analysis ................................................................... 46 

5 Territorial Vulnerability to Disasters caused by Natural Hazards ........................................ 47 

5.1 Assessing Territorial Vulnerability .............................................................................................. 47 

5.2 Policy relevance of vulnerability analysis ................................................................................... 52 

6 Instruments on Disaster Risk Management and Climate Change Adaptation .................... 53 

6.1 Practice of DRM and CCA ......................................................................................................... 53 

6.1.1 Risk assessment ........................................................................................................................ 53 

6.1.2 Risk management ...................................................................................................................... 55 

6.1.3 The example of flood risk ........................................................................................................... 55 

6.1.4 Integration of climate change and other issues in disaster risk management ............................ 56 

6.2 The role of EU Directives and their potential to support DRM practices ..................................... 58 

6.2.1 EU Directives with references to preventive risk management .................................................. 58 

6.2.2 Potential of EU Directives to support good and effective practice of DRM ................................. 59 

6.3 Policy relevance of DRM and CCA instruments analysis ........................................................... 61 

7 Understanding Practice in Context ......................................................................................... 62 

7.1 Hazards and economic impacts at regional and local scales ..................................................... 63 

7.2 Integration of DRM and CCA at regional and local scales ......................................................... 63 

8 ESPON-TITAN Main policy messages and recommendations ............................................. 66 

8.1 Harmonisation of concepts and methods for risk assessment and risk evaluation (A-1)............ 68 

8.2 Development of a framework for the collection of data at the local level (B-1) ........................... 69 



MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

6 ESPON // espon.eu 

8.3 DRM and CCA measures should always account for the total economic impacts of the 

occurring natural hazards, including both direct and indirect losses as well as risk aversion 

factors (C-1) ............................................................................................................................... 70 

8.4 Focused promotion of a pro-active and prevention-oriented design of EU funding 

instruments in combination with quality objectives regarding funding of reconstruction (D-1) .... 70 

8.5 Develop cooperation structures between regions, cities and local governments but also 

between different experts based on a balanced set of formal and informal elements (E-1) ....... 71 

8.6 Support DRM and CCA issues during amendment processes of EU directives (F-1) ................ 72 

9 Recommendations for future research ................................................................................... 74 

9.1 Further develop appropriate damage functions for different types of hazards including the 

calculation of uncertainty parameters (A-2) ................................................................................ 74 

9.2 Research on indirect losses and impacts should increase (A-3) ................................................ 74 

9.3 Support methodological innovations in risk assessments regarding the spatial and temporal 

dimension of risk (A-4) ............................................................................................................... 75 

9.4 Conceptualisation of criticality as a basis for contributing to the evaluation of risk (A-5)............ 75 

9.5 Support regions and the local level in using research and cooperation projects more 

strategically for DRM and CCA (A-6) ......................................................................................... 76 

10 Lessons learnt from regional and local case studies ............................................................ 77 

References ......................................................................................................................................... 79 

List of Annexes ................................................................................................................................. 84 

 



MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

 ESPON // espon.eu 7 

List of maps 

Map 1.1 Aggregated hazard map ................................................................................................................ 13 

Map 1.2 Economic damage due to the four natural hazard types, yearly average 1995-2017, at 

NUTS3 level .................................................................................................................................. 14 

Map 1.3 Territorial vulnerability to natural hazards, 2016, NUTS3 .............................................................. 15 

Map 2.1 Aggregated hazard map ................................................................................................................ 24 

Map 2.2 Flood hazard map (flooded area in percentage of NUTS3 areas for river floods with a 100-

year return period) ........................................................................................................................ 25 

Map 2.3 Storm hazard map (maximum wind speed for three-second gust at NUTS3 for winter 

storms, 1981-2010) ....................................................................................................................... 26 

Map 2.4 Drought hazard map (number of droughts and drought months at NUTS0 for the period 

1981-2010) ................................................................................................................................... 27 

Map 2.5 Earthquake hazard map (maximal peak ground acceleration in decimal fractions of 

standard gravity at NUTS3) .......................................................................................................... 28 

Map 3.1 Economic damage due to the four natural hazard types, yearly average 1995-2017, at 

NUTS3 level .................................................................................................................................. 31 

Map 3.2 Number of droughts and droughts months (SPI3) at NUTS0 level 1995-2017.............................. 34 

Map 3.3 Economic damage due to the droughts, yearly average 1995-2017, NUTS3 level ....................... 35 

Map 3.4 Maximum wind speed for three-second gusts at NUTS3 level for winter storms 1995-2016 ........ 36 

Map 3.5 Economic damage due to windstorms, yearly average 1995-2017, NUTS3 level ......................... 37 

Map 3.6 Economic damage due to floods, yearly average 1995-2017, NUTS3 level ................................. 38 

Map 3.7 Economic damage due to earthquakes, yearly average 1995-2017, NUTS3 level ....................... 39 

Map 5.1 Territorial vulnerability to natural hazards, 2016, NUTS3 .............................................................. 49 

Map 5.2 Relation between economic impacts and territorial vulnerability ................................................... 51 
 
 



MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

8 ESPON // espon.eu 

List of figures 

Figure 1.1 ESPON-TITAN conceptual framework ....................................................................................... 19 

Figure 1.2 ESPON-TITAN methodological framework, taskflow ................................................................. 20 

Figure 1.3 How ESPON-TITAN messages are related and respond to the research questions ................. 22 

Figure 3.1 Total direct and indirect economic damages induced by disasters in NUTS3 

(1995-2017), drop in gross economic output, current EUR million ................................................ 32 

Figure 3.2 Total economic damages induced by four types of natural hazards in NUTS3 

(1995-2017), drop in gross economic output, current EUR million ................................................ 33 

Figure 4.1 Change in economic output in CZ01 due to the flooding in Prague in 2013, comparison 

of global and local approach (m EUR 2010) ................................................................................. 42 

Figure 4.2 Medium-term direct and indirect impacts on GDP in millions of euros  [Source: Own 

source. SCGE model] ................................................................................................................... 42 

Figure 4.3 Change in economic output in Charente-Maritime due to the Xynthia windstorm in 2010, 

comparison of global and local approach (m EUR 2010) .............................................................. 44 

Figure 4.4 Medium-term direct and direct impacts on GDP in millions of euros  [Source: Own 

source. SCGE model] ................................................................................................................... 45 

Figure 5.1 Population living in vulnerable territories.................................................................................... 50 

Figure 7.1 ESPON-TITAN Case studies ..................................................................................................... 62 

Figure 9.1 Criticality analysis as part of the risk evaluation framework  [Source: Greiving et al., 

2020] ............................................................................................................................................. 76 
 
 



MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

 ESPON // espon.eu 9 

List of tables 

Table 2.1 Cumulative damage costs and relative weights of the five ESPON-TITAN hazards ................... 23 

Table 4.1 Overview of the global and local DDM for the flooding in Prague in 2013................................... 41 

Table 4.2 Sectoral development as compared to the baseline scenario, where baseline values are 

100 ................................................................................................................................................ 43 

Table 4.3 Overview of the global and local DDM for windstorm Xynthia ..................................................... 43 

Table 4.4 Sectoral development as compared to the baseline scenario, were baseline values are 

100 ................................................................................................................................................ 45 

Table 5.1 Indicators for territorial vulnerability assessment ........................................................................ 47 

Table 6.1 Types of integrating spatial hazard information into the spatial planning process ....................... 54 

Table 6.2 Consideration of climate change, cross-border risks and cascading effects in National 

Risk Assessment .......................................................................................................................... 57 

Table 6.3 The role of EU directives and their potential to support good and effective practice of 

DRM .............................................................................................................................................. 59 

Table 8.1 Contextualization of ESPON-TITAN Policy Recommendation .................................................... 66 

Table 8.2 Overview of policy recommendations in each group (in orange, policy recommendations 

described in this chapter; in green, policy recommendations described in Chapter 9) ................. 67 
 

 



MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

10 ESPON // espon.eu 

Abbreviations 

CBA Cost-benefit analysis 

CCA Climate Change Adaptation 

DDM Damage Distribution Matrix 

DRM Disaster Risk Management 

DRMKC Disaster Risk Management Knowledge Centre 

EC European Commission 

EEA European Environment Agency 

EIA Environmental Impact Assessment 

EM-DAT Emergency Events Database provided by Centre for Research on the Epidemiology of 

Disasters 

ESPON  European Territorial Observatory Network 

ETC European Territorial Cooperation 

EU European Union 

FRMD Flood Risk Management Directive 

FBS Financial and Business Services  

GDP Gross Domestic Product 

GRETA GReen infrastructure: Enhancing biodiversity and ecosysTem services for territoriAl 

development 

GVA Gross Value Added 

I/O Input-Output 

IPCC Intergovernmental Panel on Climate Change 

JRC Joint Research Centre 

NATECHS Natural-technical hazards 

NRA National Risk Assessment 

NUTS Nomenclature of Territorial Units for Statistics 

PCA Principal Component Analysis 

PR Policy Recommendation 

SCGE 

model 

Spatial Computable General Equilibrium Model 

SEA Strategic Environmental Assessment 

SPI Standardized Precipitation Index 

UN United Nations 

UNDRR United Nations Office for Disaster Risk Reduction 

UNISDR United Nations International Strategy for Disaster Reduction 

WFD Water Framework Directive 

WISC Windstorm Information Service 

WRTAFIC Wholesale, Retail, Transport, Accommodation & Food services, Information and 

Communication 

 



MAIN REPORT // ESPON-TITAN Territorial Impacts of Natural Disasters 

 ESPON // espon.eu 11 

Glossary 

¶ Adaptive capacity: The ability of systems, institutions, humans, and other organisms to adjust to 

potential damage, to take advantage of opportunities, or to respond to consequences (IPCC, 2014). 

¶ Climate Change Adaptation (CCA): In human systems, the process of adjustment to actual or 

expected climate and its effects, in order to moderate harm or exploit beneficial opportunities. In natural 

systems, the process of adjustment to actual climate and its effects; human intervention may facilitate 

adjustment to expected climate and its effects (IPCC, 2014). 

¶ Coping capacity: ñThe ability of people, organizations and systems, using available skills and 

resources, to manage adverse conditions, risk or disasters. The capacity to cope requires continuing 

awareness, resources and good management, both in normal times as well as during disasters or 

adverse conditions. Coping capacities contribute to the reduction of disaster risks (UNISDR: 

UN, 2009, 2016). 

¶ Coping capacity: ñThe ability of people, organizations and systems, using available skills and 

resources, to manage adverse conditions, risk or disasters. The capacity to cope requires continuing 

awareness, resources and good management, both in normal times as well as during disasters or 

adverse conditions. Coping capacities contribute to the reduction of disaster risks (UNISDR: UN, 2009). 

¶ Damage: Total or partial destruction of physical assets existing in the affected area1. 

¶ Damage function: Damage functions are used to translate the magnitude of a (natural) hazard into a 

quantifiable damage on infrastructure, economic assets, ecosystems, etc. 

¶ Damage Distribution Matrix (DDM): DDM is a matrix in which each element (one number in the matrix) 

represents the distribution (or weight) of the total costs among the affected NUTS3 areas and among 

the five capital stocks for each NUTS3 region, i.e., it gives you the weight of the cost per capital stock 

for a specific event level. 

¶ Disaster: a ñserious disruption of the functioning of a community or a society at any scale due to 

hazardous events interacting with conditions of exposure and vulnerability, leading to human, material, 

economic and environmental losses and impactsò (UNISDR, 2009). 

¶ Disaster impacts: It is the total effect, including negative effects (e.g., economic losses) and positive 

effects (e.g., economic gains), of a hazardous event or a disaster. The term includes economic, human 

and environmental impacts, and may include death, injuries, disease and other negative effects on 

human physical, mental and social well-being (UN, 2016). 

¶ Disaster risk: ñthe potential disaster losses, in lives, health status, livelihoods, assets and services, 

which could occur to a particular community or a society over some specified future time periodò 

(UNISDR: UN, 2009). 

¶ Disaster risk assessment: "A qualitative or quantitative approach to determine the nature and extent 

of disaster risk by analysing potential hazards and evaluating existing conditions of exposure and 

vulnerability that together could harm people, property, services, livelihoods and the environment on 

which they depend" (UNISDR: UN, 2009). 

¶ Disaster risk information: "Comprehensive information on all dimensions of disaster risk, including 

hazards, exposure, vulnerability and capacity, related to persons, communities, organizations and 

countries and their assets" (UNISDR: UN, 2009). 

¶ Disaster Risk Management (DRM): Disaster risk management is the application of disaster risk 

reduction policies and strategies to prevent new disaster risk, reduce existing disaster risk and manage 

residual risk, contributing to the strengthening of resilience and reduction of disaster losses (UN, 2016). 
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¶ Economic Loss: Monetary value of total or partial destruction of physical assets existing in the affected 

area1. 

¶ Exposure: "The situation of people, infrastructure, housing, production capacities and other tangible 

human assets located in hazard-prone areas" (UNISDR: UN, 2009). 

¶ Hazard: "A process, phenomenon or human activity that may cause loss of life, injury or other health 

impacts, property damage, social and economic disruption or environmental degradation." (UNDRR, 

2018). 

¶ Impact pathway: It is a conceptual model that will define the link between a natural hazard and its direct 

and indirect economic impacts. 

¶ Natural hazard: ñprocess or phenomenon that may cause loss of life, injury or other health impacts, 

property damage, social and economic disruption or environmental degradation" (UNISDR: UN, 2009). 

¶ Risk: ñthe result of the interaction of a hazard (e.g., flood, hurricane, earthquake, etc.) and the 

vulnerability of the system or element exposed (Birkmann, 2013). Risk is estimated by combining the 

probability of a hazard occurrence, and the potential scale of consequences (e.g., injury, damage, and 

loss) that would arise if the event strikes society or exposed elements". 

¶ Risk governance: The system of institutions, mechanisms, policy and legal frameworks and other 

arrangements to guide, coordinate and oversee disaster risk reduction and related areas of policy 

(UN, 2016). 

¶ Sensitivity: The degree to which a system or species is affected, either adversely or beneficially, by 

climate variability or change. The effect may be direct or indirect (Adapted from IPCC, 2014). 

¶ Vulnerability (risk concept): "The conditions determined by physical, social, economic and 

environmental factors or processes which increase the susceptibility of an individual, a community, 

assets or systems to the impacts of hazards" (UNISDR: UN, 2009, 2016). 

¶ Vulnerability (climate change vulnerability concept): The propensity or predisposition to be adversely 

affected. Vulnerability encompasses a variety of concepts and elements including sensitivity or 

susceptibility to harm and lack of capacity to cope and adapt (IPCC, 2014). 

  

 

1 https://www.unisdr.org/files/45462_backgoundpaperonterminologyaugust20.pdf  

https://www.unisdr.org/files/45462_backgoundpaperonterminologyaugust20.pdf
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Executive summary 

ESPON-TITAN ï Territorial Impact of Natural Hazards, uses innovative approaches and methodologies, to 

provide analysis of the distribution and territorial patterns of the impacts of the natural hazards across Europe 

ï both direct and indirect ï , as place-based evidence to support the identification of the most vulnerable 

regions. Moreover, the project identifies existing effective measures on Disaster Risk Management (DRM) 

and Climate Change Adaptation (CCA) instruments at different policy levels, that should be mainstreamed 

into integrated spatial planning and territorial development policies. 

In ESPON-TITAN, four main natural hazards, which most hardly affect the European territory, are analysed, 

to be mentioned: river floods, windstorms, drought and earthquakes. The distribution of aggregated hazards 

(Map 1.1) is based on the combination of normalised hazard indexes weighted with their cumulative damage 

costs in the period 1981-2010. Floods and windstorms have contributed to nearly 76% of the damage and 

losses, followed by droughts and earthquakes (24% both). Higher economic impacts of windstorms are 

placed in exposed coasts, coinciding in many cases with low-lying flood prone areas. High aggregated 

hazard values are also resulting from the combination of other important hazards, such as floods and 

droughts (e.g. Eastern Romania). Some considerations regarding the interpretation of this map are that (i) 

the map do not assess flood protection measures and therefore, also do not assess the effective risk, (ii) 

droughts are represented in NUTS0, which may partially lead to strong contrasts at national borders, and 

(iii) the weighting of the aggregation displays only economic damage and losses (not including human 

fatalities or damage and losses that cannot be expressed in monetary values). (see Section 2.1.1 for a 

detailed description and analysis). 

 

Map 1.1 Aggregated hazard map 
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Innovative methodologies have been developed to deliver the analysis of economic impacts and territorial 

vulnerability assessment. The approach used to calculate the economic impacts is based on self-developed 

damage-distribution matrices and Input-Output (I/O) tables to measure, in a monetised value, how the 

territory is affected by different types of disasters. The analysis revealed that indirect economic impacts 

induced, in specific regions, by a disruption of economic activities in other ones, tend to be almost as large 

as direct impacts. Direct impacts are those damage and losses resulting from a natural hazards directly 

affecting a region (geographically happening there, and damaging the capital stock of the region), while 

indirect impacts are resulting from the analysis of I/O tables and the derived linkages of economic sectors 

across regions and countries. The ratio of indirect impacts to direct impacts falls between 60% and 90% 

across all the period analysed. 

The spatial distribution of the economic impacts (based on data of the period 1995-2017) indicates that 

Central, Southern and Eastern European countries tend to be relatively more affected by these natural 

hazards, in economic terms, than most of the rest of the European territory. This implies that those countries 

are recommended to develop place-based measures to reduce the effects of these events in the future (see 

Section 3.1 for detailed description and analysis). 

Map 1.2 shows yearly average relative economic damage and losses (as the ratio of economic output drop 

and the GVA) due to the four natural hazard types, for the period 1995-2017 at the NUTS3 level for the 

ESPON area (where data was available). Besides, Central, Southern and Eastern countries, certain NUTS3 

areas of the UK and Ireland, Denmark, France and Spain (mostly coastal) are also heavily affected in 

economic terms by one or more natural hazard types. 

 

Map 1.2 Economic damage due to the four natural hazard types, yearly average 1995-2017, at NUTS3 level 

The economic impact analysis has also included a pilot local analysis with a detailed methodology in two of 

the eight ESPON-TITAN case studies (namely Nouvelle-Aquitaine and Prague). In those the results of the 

global methodology (based on top-down information) was compared with the results of the local methodology 

(based on bottom-up information). The comparison showed that the local methodology evidenced higher 

damage costs per event, due the inclusion of detailed information of actual incurred events in the region. 
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The local methodology also allowed a deeper understanding of key drivers of economic impacts through 

qualitative research. It is therefore recommended that the global methodology should serve a pre-screening 

purpose, in the sense that it should be best used to sense-check where further analysis is needed (i.e. 

events with initially high damages reported or events that have heavily affected certain sectors), for targeted 

place-based policy development. 

Additionally, a territorial vulnerability assessment was developed at a European level. The methodology is 

based on principal component analysis (PCA), considering indicators related to susceptibility and coping 

capacity. New indicators were included in comparison to previous projects (e.g.: ESPON-CLIMATE2 or 

RESIN3), such as governance, social capital, gender, risk perception, among others. Map 1.3 shows 

territorial patterns of the vulnerability assessment and clearly shows that Easter and South Europe areas 

are the most vulnerable. Beyond the territorial distribution of different levels of vulnerability, results were also 

interpreted in relative terms to the exposed population, showing that 22% of European population lives in 

territories with high vulnerability levels, especially in Romania, Italy, Bulgaria and Greece (see Section 5.1 

for detailed description and analysis). 

 

Map 1.3 Territorial vulnerability to natural hazards, 2016, NUTS3 

  

 

2 ESPON-CLIMATE Project, Climate Change and Territorial Effects on Regions and Local Economies in Europe. ESPON 

(https://www.espon.eu/climate). 
3 RESIN Project, Climate Resilient Cities and Infrastructures. H2020 (https://resin-cities.eu/home/our-aim/). 

https://resin-cities.eu/home/our-aim/
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ESPON-TITAN validated the abovementioned findings through eight representative case studies 

(Andalusia-ES, Nouvelle-Aquitaine-FR, Rotterdam-NL, Po river basin-IT, City of Pori-FI, Prague-CZ, 

Dresden region-DE and Alpine Region) with a multiscale perspective, that encompass transnational, 

national, regional and local scales, with differentiated characteristics ï e.g. special consideration to one 

particular type of hazards, existence of operational cooperation and collaboration between involved entities, 

etc. Good practices were distilled from the case studies analysis, as a supporting pillar of the final policy 

recommendations elaborated in ESPON-TITAN. 

Besides stakeholders from the case studies, a wider range of external experts, institutions and networks 

(EEA ï European Environment Agency, JRC ï Joint Research Centre, National and Regional administration 

representatives, ESPON support team) were engaged in different ESPON-TITAN activities, sharing 

experiences and insights about the methodology and the results. The involvement of actors from different 

scale in the discussions (European, cross-border, national, regional and local), as well as from a wide range 

of backgrounds, has led to a rich variety of perspectives and contributions. Experienced institutions, such as 

EEA and JRC, have been part of the debate on methodological approaches and results at different stages 

of the development of the project, giving a valuable input and guaranteeing that the development in place is 

coherent and perfectly aligned with a European transversal vision on disaster risk and vulnerability matters. 

Existing ESPON project results have also given some insights and base for comparison and decision on the 

definitive approach to follow, as for example, ESPON-HAZARDS4, ESPON-CLIMATE and ESPON-GRETA5 

ï GReen infrastructure: Enhancing biodiversity and ecosysTem services for territoriAl development. 

The results of ESPON-TITAN project provide insights that may support recommendations on how 

governments should cooperate to ensure the efficiency and coordination of adaptation and mitigation 

measures related to disasters, at European, national, regional and local levels. The main outcomes are 

translated into policy recommendations, framing the political debate on how the territorial impacts of natural 

hazards affect the territory and what the consequences of having coherent policies in place may be, at the 

same time reinforcing the need of integrating DRM and CCA strategies into territorial planning instruments. 

The ESPON-TITAN policy recommendations are structured around the different stages of the policy process 

(i.e. problem identification and agenda setting, formulation and adoption, implementation, and evaluation) 

and compiled in three groups: 

¶ Policy recommendations related to economic impacts, focused on methods and data: 

(i) harmonisation of concepts and methods for risk assessment and evaluation and (ii) development of 

a framework for the collection of the necessary data at the local level across Member States/authorities 

(sections 8.1. and 8.2); 

¶ Policy recommendation related to the connection between economic losses and appropriate 

DRM and CCA measures: (i) proposition of DRM and CCA measures and plans accounting for the 

total economic impacts of the occurring natural hazards, including both direct and indirect losses as 

well as risk aversion factors (section 8.3); 

¶ Policy recommendations related to the improvement of DRM and CCA practices in terms of 

funding, cooperation and legislation: (i) focused promotion of a pro-active and prevention-oriented 

design of EU funding instruments in combination with quality objectives regarding funding of 

reconstruction, (ii) development of cooperation structures between regions, cities and local 

governments but also between different experts based on a balanced set of formal and informal 

elements and (iii) systematically assessment of EU directives for their potential to support DRM and 

CCA issues (sections 8.3, 8.4 and 8.5). 

  

 
4 ESPON-HAZARDS Project, Spatial Effects o Natural and Technological Hazards. ESPON Project 1.3.1. 
(https://www.espon.eu/programme/projects/espon-2006/thematic-projects/spatial-effects-natural-and-technological-
hazards). 

5 ESPON-GRETA Project, Green infrastructure: Enhancing biodiversity and ecosystem services for territorial 
development. ESPON (https://www.espon.eu/green-infrastructure). 
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In summary, this Final Report builds on a number of key outputs delivered over the study period. 

These include: 

¶ identification of territorial patterns of natural hazards (Chapter 2 / Annex 1); 

¶ assessment of direct and economic impacts at both global and local levels (Chapters 3 and 4 / 

Annex 2); 

¶ development of a territorial vulnerability index (Chapter 5 / Annex 3); 

¶ elaboration of an extensive literature review and further analysis of DRM and CCA strategies and 

related good practices (Chapter 6 / Annex 4); 

¶ illustration of findings through regional case studies (Chapter 7 / Annex 5); 

¶ formulation of policy pathways for the future (Chapter 8 and 9 / Annex 6). 
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1 Introduction 

ñESPON-TITAN: Territorial Impacts of Natural Disastersò (hereafter ESPON-TITAN) aims to analyse the 

distribution and territorial patterns of natural hazards and their potential economic impacts in Europe. Those 

evidences are generated throughout a direct and indirect economic analysis, completed with an indicator-

based vulnerability assessment. Based on those outputs, the project also explores good practices of Disaster 

Risk Management (DRM) and Climate Change Adaptation (CCA) at different territorial levels, and deepen 

on their integration into spatial planning and territorial development policies. By considering a multiscale 

perspective, ESPON-TITAN supports those findings through eight representative case studies that 

encompass trans-national, national, regional and local scales. 

The conclusions are translated into policy recommendations for better considering territorial vulnerability and 

economic impacts of natural hazards into both DRM and CCA strategies, as part of an integrated place-

based spatial development planning. 

1.1 ESPON-TITAN conceptual framework 

Risk analysis, commonly based on events probability of occurrence and related consequences, has evolved 

notably during the last years, with important contributions from the disaster risk management and climate 

change communities. There is currently an alignment between the DRM and CCA communities, having a 

common understanding of risk. Being a global consensus that risk is defined as the ñcombination of hazard, 

exposure and vulnerabilityò (IPCC, 2012, 2014; UNDRR, 2020). However, it is worth noting that in the DRM 

approach risk is mainly based on probability of occurrence, whereas in the CCA approach is focused in 

future scenario analysis. 

It is relevant to clarify that the term ñnatural disasterò is erroneous and, in fact, misleading (UNDRR, 2020). 

Hazards are natural; disasters are not (UNISDR, 2010), i.e. a hazard cannot be prevented, while disasters 

can. Earthquakes, droughts, floods, storms and landslides, among others, are natural hazards; they may 

lead to deaths and damages ï i.e. disasters ï because of human acts of omission and commission, rather 

than the act of nature (UNISDR, 2010). There are an increasing number of documents and publications that 

reinforce that, and even a growing online campaign that advocates this idea under the slogan 

#NoNaturalDisasters6. In some cases, however (as in the title of this project/report that could not be changed 

due to legal reasons), this term may, inaccurately, still appear ï even in official documents ï as a synonym 

of ñdisaster caused by the combination of a natural hazard and vulnerable and exposed populationò, since 

until some years ago it was widely used. 

Accordingly, a natural hazard is a physical event, process or phenomenon that may cause loss of life, injury 

or other health impacts, property damage, social and economic disruption or environmental degradation 

(UNDRR, 2016, 2019), being characterised by its location, probability of occurrence, magnitude, geometry, 

frequency and other characteristics (Birkmann, 2013), as intensity and duration. A natural hazard is a 

geological or hydrometeorological, extreme event that belongs to normal natural occurrences. 

Other concepts and analytical approaches as impact assessment, loss estimation or damage functions are 

often used to better understand and quantify the consequences of a given hazard or extreme event, 

contributing to risk analysis. 

In this framework, a disaster is a ñserious disruption of the functioning of a community or a society at any 

scale due to hazardous events interacting with conditions of exposure and vulnerability, leading to human, 

material, economic and environmental losses and impactsò (UNISDR: UN, 2009, 2016), above a certain 

threshold of impact which is context-specific. Therefore, disaster risk is ñthe potential loss of life, injury, or 

destroyed or damaged assets which could occur to a system, society or a community in a specific period of 

time, determined probabilistically as a function of hazard, exposure, vulnerability and capacityò 

(UNDRR, 2018). 

  

 
6 https://www.nonaturaldisasters.com  

https://www.nonaturaldisasters.com/
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Regarding vulnerability, the DRM and CCA communities use slightly different but compatible approaches for 

breaking down the vulnerability components, using the concepts of susceptibility or sensitivity, and coping 

capacity or adaptive capacity (IPCC, 2012, 2014; UNDRR, 2020). In ESPON-TITAN we have opted 

combining susceptibility and coping capacity under the vulnerability assessment. 

The diagram (Figure 1.1) synthesises and organises the hierarchy and linkages between the 

abovementioned concepts, identifying the main components of the ESPON-TITAN rationale. For a broader 

and more comprehensive understanding of the diagram, additional complementary definitions are included 

in the glossary of this report. 

 

 

Figure 1.1 ESPON-TITAN conceptual framework 

1.2 ESPON-TITAN rationale 

One of the main goals of ESPON-TITAN is to provide evidence about European territorial patterns of direct 

and indirect economic impacts of natural hazards, in a DRM, CCA, and spatial planning policies context. 

The project has contributed to the state-of-the-art, building on previous datasets and methodologies of 

economic impacts assessment, developing them forward and analysing territorial patterns across the 

ESPON territory, supported by relevant and representative case studies. In addition, good practices of DRM 

and CCA have been analysed at different territorial levels, in order to provide policy recommendations for 

better considering economic impacts of natural hazards into integrated place-based spatial development 

effectively articulating DRM and CCA. 

Considering the conceptual framework presented in Figure 1.1, disaster risk reduction through territorial 

development could only be addressed by decreasing exposure and vulnerability (i.e. reducing susceptibility 

and increasing coping capacity) ï or in terms of the climate change vulnerability rationale ï to reduce climate 

change vulnerability by decreasing sensitivity and increasing adaptation capacity. Under this scope, a 

broader understanding of the territorial vulnerability, considering both economic and non-economic factors 

as key determinants of disaster risk and potential future impacts and losses, is crucial. In these terms, in 

addition to territorial distribution of natural hazards and related economic direct and indirect impacts, 

ESPON-TITAN also analyzed patterns of territorial vulnerability. 
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ESPON-TITAN rationale is organized in sequential coordinated activities (Figure 1.2) allowing the precise 

articulation among its findings, developing a comprehensive knowledge base. 

 

 

Figure 1.2 ESPON-TITAN methodological framework, taskflow 

As a starting point, ESPON-TITAN analysed to what extent European regions have been exposed to specific 

natural hazards (river floods, droughts, windstorms, earthquakes, and landslides ï based on modelling 

results including empirical meteorological data, information about past events and other relevant 

susceptibility data). Existing information for these natural hazards has been processed and analysed to 

generate comparable datasets of the distribution of single, aggregated and combined hazard maps. 

Trends and territorial patterns of related economic impacts affecting different types of territories were 

quantified along the European territory at NUTS3, providing an overview of economic impacts per natural 

hazard and per affected area and sector. The outputs offer a wide perspective of the distribution of those 

economic losses in terms of monetary value and selected related economic indicators as, for example, Gross 

Domestic Product (GDP) or Gross Value Added (GVA). 

Considering the different types of natural hazards at NUTS3, a dual and complimentary methodology ï at 

global and local level ï has been developed to analyse both their direct and indirect economic impact. 

The global methodology has been used to estimate the direct and indirect economic impact of the four 

selected natural hazards across Europe, where related economic losses were disaggregated among several 

capital stocks (inferred from land-use) and among the affected regions, to feed an I/O model for assessing 

indirect sectoral and regional impacts. In turn, the local methodology was applied at a more detailed scale, 

which allowed for more finetuned and bottom-up information about the direct and indirect economic 

damages. Whereas the global methodology develops a generic damage assessment framework, based on 

cost estimates from available databases, the impacts in local methodology are assessed based on the 

outcome of chosen case studies. 

Although economic impact patterns constitute the backbone of the ESPON-TITAN approach, the territorial 

vulnerability of European regions were assessed in order to provide a wider picture for DRM and CCA. 

Impacts are not simply the results of hazardous events, but the product of the social, political and economic 

context in which they occur. This argument is fundamental in the context of ESPON-TITAN, and actually it 

is the main reason why including a complementary territorial vulnerability analysis, considering other risk 

determinant factors in addition to hazards distribution and economic impacts. 

The results of the territorial vulnerability analysis were compared with the distribution of past economic 

impacts and natural hazards at NUTS3 level in order to assess the spatial relations between them and their 

explanatory capacity. This result contributed to identify good practices and policy recommendations at 

several levels. 
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Eight case studies distributed heterogeneously in Europe, and presenting different characteristics in terms 

of hazards, economic impacts, governance, among others, are at the core of the ESPON-TITAN. They are 

designated to test and validate the methodologies and the results derived from the economic impacts 

analysis and to inform planning on DRM and CCA, as well as policy recommendations at EU, regional and 

case study scales. Besides, two, out of those eight, count on a tailored economic impact analysis, providing 

a higher level of detail allowing more precise and focused policy recommendations. 

Effective approaches for mapping economic impacts of natural hazards are necessary to support planning 

processes at multiple scales. Supported by the previous findings, ESPON-TITAN provides an overview of 

the policy framework and good practices related to DRM and CCA strategies, based not only on the 

desk-based analysis of instruments identified at varied policy levels, but also upon the outcomes provided 

by the case studies analysis. 

As a result of the analysis performed at ESPON-TITAN, policy messages and recommendations on how 

to better assess the potential economic impacts of natural hazards and adapt to related risks and a changing 

climate are presented, enabling decision makers to better face those challenges. 

1.3 ESPON-TITAN messages 

ESPON-TITAN brings answers to some research questions related, on the one hand, the territorial patterns 

of hazards and their economic impacts in Europe, considering as well how vulnerable different regions are 

to them; and on the other, how existing policy instruments regarding disaster risk management and its 

integration as a place-based strategy into spatial planning, contribute to minimize the effects and 

consequences of disasters. 

The findings that respond to those concerns support the proposition of ESPON-TITAN concluding messages 

and policy recommendations. 

The main results are covered through five key messages, and as so is this report organized. Although 

messages are indissociable, each of the following chapters covers one main driver, extending as well on 

how it is integrated and at which level it affects other issues tackled within the research, in a circular way 

(Figure 1.3). 
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Figure 1.3 How ESPON-TITAN messages are related and respond to the research questions 

The chapters in this report are organized in a way that each key topic is presented in a specific section, with 

the associated findings and related policies, in an integrated way, i.e. indicating the input-output interrelation 

and dependencies between different tasks of ESPON-TITAN. 
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2 Natural Hazards Patterns in Europe 

From a European perspective, river floods and windstorms are the most relevant 

natural hazards of the five hazards analysed in ESPON-TITAN. 

The analysis of the distribution and the identification of territorial patterns of natural hazards across the 

ESPON space forms the basis of the ESPON-TITAN project. ESPON-TITAN reviewed available data 

sources for five natural hazards and selected the most suitable oneôs. Riverine floods, windstorms, droughts, 

and earthquakes were deemed the most crucial hazards at European scale. Landslides were included at a 

later stage to this project, as they are a very widespread natural hazard in Europe, but affect very localised 

areas. The data were processed, analysed, grouped and displayed at NUTS3 level (as far as possible) for 

each individual hazard. Further assessments are the combined occurrence of selected hazards (Annex 1) 

and an aggregated hazard map weighting the relative importance of individual hazards. 

2.1 Individual and joined analysis of natural hazard distributions 

From a European perspective, river floods and windstorms are the most relevant natural hazards of the five 

hazards analysed in ESPON-TITAN. Seismic (earthquakes) and landslide hazards are very important 

hazards on regional and local levels, and droughts can affect large areas over longer time periods. However, 

the total damage caused by droughts and earthquakes in the ESPON space is considerably smaller than 

the damages caused by river floods and windstorms whereas the recorded total damages caused by 

landslides are only a fraction of the damages caused by all other natural hazards (see Annex 1 for a full 

description of the methodology of the hazards´ maps). 

2.1.1 Aggregated hazard map 

For the aggregated hazard map, the relative weight of each chosen natural hazard was calculated by using 

the cumulative damage costs from Emergency Events Database (EM-DAT) for the period for each ESPON-

TITAN hazard (EM-DAT, 2020). The database contains essential core data compiled from various sources 

on the occurrence and effects of disasters with significant impact7. The total estimated damage values 

include all damages and economic losses directly or indirectly related to the disaster. Table 2.1 shows the 

cumulative total damage costs and the calculated relative weights of ESPON-TITAN hazards. 

Table 2.1 Cumulative damage costs and relative weights of the five ESPON-TITAN hazards 

Hazard 
Cumulative total damage costs 1981-2010  
(in 2015 thousand of Euros) 

Relative 
weight (%) 

Winter storm/ Extra-tropical storm8 73.010.360 38,8 

River flood 69.855.236 37,1 

Drought 23.928.282 12,7 

Earthquake 21.154.277 11,2 

Landslide 262.597 0,1 

Total 188.210.752 100,0 

  

 
7 According to EM-DAT (EM-DAT, 2020) each disaster included in the database must have fulfilled one of four following 
criteria: hundred or more people reported affected, ten or more people reported killed, declaration of a state of 
emergency or call for international assistance. 

8 The cumulative total costs of windstorms include storm damages and damages caused by associated storm surges 

(personal communication with EM-DAT 8/12/2020, personal communication with Munich RE 29/12/2020). EM-DAT is 

working with specific criteria to decide if a hazard is taken up or not, but especially the way costs are gathered ï the costs 

are not calculated, but based on gathered info (often underestimated); indirect costs are not considered. 
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The calculated relative weights for each of the chosen five ESPON-TITAN hazards were multiplied with 

normalized hazard indicator values (0-1). The summed-up and normalized resulting values are shown at 

NUTS3 on an aggregated hazard map (Map 2.1). 

 

Map 2.1 Aggregated hazard map 

The interpretation of this map considers the weighting of the aggregated hazards based on the economic 

damage caused during the period 1981-2010. In this period, river floods and windstorms have contributed 

to nearly 76% of all damages, followed by droughts and earthquakes, responsible only for almost 24% of 

the damages. According to EM-DAT data, economic damages caused by landslides are next to neglectable, 

from a European perspective. The high costs caused by windstorms is represented in the higher hazard 

classes among most areas closer to exposed coasts, and many of these coastal, partly low-lying areas also 

experience river floods. Other areas with higher aggregated hazard values are based on the combination of 

other important hazards, such as floods and droughts (e.g. Eastern Romania). It must be considered that 

the aggregated hazard map does not respect any flood protection measures, therefore some areas have a 

high aggregated hazard potential, meanwhile the effective risk is neglected. Also, the drought potential is 

displayed on NUTS0, which partially leads to strong contrasts at national borders. It must be further 

considered that the weighting of the aggregation displays only economic damages, and not human fatalities 

or damages that cannot be expressed in monetary values. The general picture would certainly be very 

different if fatalities would be used for the weighting instead of economic damages. 




























































































































