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Glossary

1 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).

1 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).

71 Coping capacity: i The ability of peopl e, organizations and sy
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).

71 Coping capacity: i The abi | let grganzdtionspand pystems, 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).

1 Damage: Total or partial destruction of physical assets existing in the affected areal.

1 Damage function: Damage functions are used to translate the magnitude of a (natural) hazard into a
quantifiable damage on infrastructure, economic assets, ecosystems, etc.

1 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.

7 Disaster:a fserious disruption of the ciétwatanyscal@mdue® of a com
hazardous events interacting with conditions of exposure and vulnerability, leading to human, material,
economic and environmental | osses and i mpactso (UNI SDR,

1 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).

9 Disasterrisk: it he potenti al di saster | osses, in |ives, heal tt
which could occur to a particular community or a soci
(UNISDR: UN, 20009).

1 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).

1 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).

9 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).

ESPON // espon.eu 11
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1 Economic Loss: Monetary value of total or partial destruction of physical assets existing in the affected
area'.

1 Exposure: "The situation of people, infrastructure, housing, production capacities and other tangible
human assets located in hazard-prone areas" (UNISDR: UN, 2009).

1 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).

1 Impact pathway: Itis a conceptual model that will define the link between a natural hazard and its direct
and indirect economic impacts.

1 Natural hazard:ipr ocess or phenomenon that may cause | oss of |
property damage, social and economic disruption or environmental degradation” (UNISDR: UN, 2009).

1 Risk: ithe resul't of t he i nt e huwricang, eanthquale, e.) anchthear d (e. g. ,
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".

1 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).

1 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).

1 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).

1 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
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Executive summary

ESPON-TITAN i 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
I both direct and indirect i , 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 NUTSO, 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).

Aggregated map of five natural hazards at NUTS3 level

hietie

Aggregated hazard classification Consras (E3) || Guadelouse [FR)

(river floods, storms, droughts,
seismic hazard, landslides)

0,00 - 0,20 Gugene (FR) || wartiique (FR)
0,21-040
0,41-0,60

Meyolie (FR) Reunizn [FR)

0,61-080

0,81-1,00

no data

espfin RN

© ESPON, 2020 500 km
The normalized indicators for river floods, storms, droughts, seismic Regional level: NUTS 3 (2013)
hazards, and landslides are weighted with the factors retrieved Source; ESPON TITAN, 2020
from their cumulative total damage eosts in the period 1981 to 2010 Qrigin of data: JRC Flood hazard map
in all EL) member states, lceland. Liechtenstein, Norway, and far Europe - 100-year return period, 20186;
Switzerland (based on EMDAT data). WISC historic storm food prints, 2017;
The resulting indicator is normalized JRC European Drought Observatory, 2019;

SHARE project 2019; JRC European
Soil Data Centre, ELSUS v2, 2018; EMDAT, 2020
& UMS RIATE for administrative boundaries

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.

Average yearly economic damage due to four natural hazards total, between 1995-2017,
at NUTS3 level

Mata Liechtenstoin

Canrias (ES) Guardeloupe (FR)

Average economic damage due to
natural hazards (droughts, floods,
windstorms, earthquakes)
between 1995-2017 in proportion

of yearly GVA (%) Guyane (FR) | Martiriqus (FR)
0-0.033
0.033 - 0.081 $ a
‘;Q Msyolle (FR) Reunion {FR)
P oo81-0159 w
o
Bl o159-0295
Bl 0295-0448 A & Acores (PT) Mesteics (PT)
no data v - ﬁ? "A
T
g
v =1
I - © ESPON, 2020 500 km
The economic damages for droughts, floods, windstorms, earthquakes were calculated Regional level: NUTS 3 (2013
based on the recorded capital stock damages and GVA at NUTS 3 level (direct impacts) Sﬂumf' ESPON TITAN, 2020
and based on the industrial inkages modelled in the multi-regional input-output model Origin of data: PBL-JRC EUREGIO multi-regional input-
(indirect damages) output database, 1995-2017: JRC Risk Data Hub,
R 1995-2017: EM-DAT, 1995-2017: WISC database,
Average economic damages due to natural hazards as a percentage of yearly NUTS3 1995-2017: Natural hazard MRIO ":Dde“m; :?280
GVA. @ UMS RIATE for administrative boundaries

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.

14 ESPON// espon.eu
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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-CLIMATE? or
RESIN?®), 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).

Territorial Vulnerability to natural hazards, 2016, NUTS3
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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/).

ESPON // espon.eu 15


https://resin-cities.eu/home/our-aim/

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

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 1 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 T European Environment Agency, JRC i 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-HAZARDS*, ESPON-CLIMATE and ESPON-GRETA®
i 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:

1 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);

1 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);

1 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:/iwww.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:

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

1 assessment of direct and economic impacts at both global and local levels (Chapters 3 and 4 /
Annex 2);

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

1 elaboration of an extensive literature review and further analysis of DRM and CCA strategies and
related good practices (Chapter 6 / Annex 4);

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

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

fESPON-TITAN: Territorial Impacts of Natural Disasterso ( h e r e a f {TI@AN) dints FoGahalyse 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.

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 thatriski s def i ned as the Acombinat:i
exposure andvulnerabi | i tyo (I PCC, 2012, 201 4; UNDRR, 2020) . Howeve,|
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 thatthetermfinat ur al di s a sand in fact, msleading (UNDRRo 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 i i.e. disasters i 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
#NoNaturalDisasters®. 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 i even in official documents T as a synonym

of Adi saster caused by the combination of a nsinteur al hazar
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 disasteri s a fAserious disruption of thgathnyncti oni ng
scale due to hazardous events interacting with conditions of exposure and vulnerability, leading to human,

materi al , economic and envi (UNSDReUN{ 2009, 2016)s abevs a certaith | mpact s O
threshold of impact which is context-specific. Therefore, disaster risk i ghe fiotential 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, vulner abi | ity and capac!
(UNDRR, 2018).

6 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.

- ) HAZARDS EXPOSURE VULNERABILITY

Historicanalysis of HAZARDS PROBABILITY of occurrence || As determinant factor of | (sensitivity + coping capacity)

and occurrence of (related to e.g. intensity, CONSEQUENCES As determinant factor of
extreme events duration and frequency) CONSEQUENCES

Historicanalysis of occurred

IMPACTS
for characterising the events Analysis of potential CONSEQUENCES
as IMPACTS, DAMAGE & LOSSES
Historicanalysis of occurred using historic data, modelling and simulations for assessment
DAMAGE & LOSSES and development of Damage Functions

(e.g. developing
Damage Functions)

¥

Characterisation of RISK
according to probability of
occurrence and potential consequences

¥

Historic analysis of occurred
¥ Analysis of potential

DISASTERSA DISASTER RISK
abovea certain above a certainimpact threshold TITAN
impact threshold P development

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) i or in terms of the climate change vulnerability rationale T 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 amonyg its findings, developing a comprehensive knowledge base.

Through Good practices
Natural Hazards

Territorial Paterns DRM / CCA Strategies
@«
2 2 a
8 Economic impacts o =
<] S 2
S o &
w
I
<
S
DIRECT INDIRECT L ” . ]
(Impact (Capital Territorial Vulnerability Territorial Planning
Damage Stock / I-O

Functions) tables)

= Decrease Exposure
> ® Decrease Susceptibilty
= Increase Coping Capacity

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 i 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
guantified 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 i at
global and local level i 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 I1/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.

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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CHAPTER 2. * CHAPTER 3. *
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ANALYSIS IMPACTS ASSESSMENT
4
CHAPTER 5. A CHAPTER 4. ®
> VULNERABILITY LOCAL ECONOMIC
ANALYSIS IMPACTS ASSESSMENT
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CHAPTER 8. ¢
> POLICY <
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CHAPTER 7. +
CASE STUDIES

CHAPTER 6. X
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HAkOA 4 What are the economic impacts of natural disasters across European regions and
cities in terms of direct and indirect costs? How are the economic impacts distributed across the main
affected areas and sectors?

¥hkOA Which areas and sectors are most vulnerable to natural disasters?

LS 4 Which instruments and policies regarding disaster risk management (e.g. hazard
maps, disaster management plans, compulsory insurances, etc.) exist for territories at different policy
levels? How effective are they?

4 Which climate change adaptation measures could be put in place as part of an
integrated, place-based development strategy?

M 4 & To which degree are disaster risk management and climate change adaptation
measures integrated in spatial planning and territorial development policies? What could be
recommendations for policy makers?

HA®A X444 How should regions, cities and local governments cooperate to ensure the
efficiency and coordination of adaptation and mitigation measures at wider geographical scales?

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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Natural Hazards Patterns in Europe

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

natural hazards of the five hazards analysed in ESHOMN.

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 th
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.

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).

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 impact’. 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 C_:umulative total damage costs 12810 Re!ative
(in 2015 thousand of Euros) weight(%)

Winter storm/ Extrapical stofm 73010360 38,8
River flood 69855236 37,1
Drought 23928282 12,7
Earthquake 21154277 11,2
Landslide 262597 0,1
Total 188210752 10Q0

" 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 i 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 NUTSO, 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.
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