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Abstract
This paper advances knowledge and understanding of the relationships between risk man-
agement, climate change adaptation and spatial planning as good territorial governance 
practices. The aim is to present evidence on how risks and their management are progres-
sively being integrated into national planning systems in order to reduce territorial vulnera-
bility and costs related to natural events in the European context. This paper is based on the 
ESPON-TITAN project which focuses mainly on flood events that occurred in Rotterdam, 
Prague, the Po river basin, Pori, Andalucia, Nouvelle-Aquitaine, Dresden and the Alpine 
region. The paper reviews the literature and planning instruments applied in the selected 
case studies, as well as interviews with key stakeholders and decision makers. The results 
confirm the hypothesis that traditional disaster management is evolving towards Disaster 
Risk Management, clearly recognizing that Climate Change modifies and increases threats. 
Data on the consequences of natural disasters support the desirability of a proactive rather 
than a reactive approach, highlighting the crucial role of planning. The resulting govern-
ance is more "functional" than "territorial", leaving room for further advances and innova-
tions such as territorial and multi-risk perspective, partnerships and civil society participa-
tion, and soft versus traditional hard or engineering solutions.
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1 Introduction

This article advances the knowledge and understanding of the relationships between 
risk management, climate change adaptation and spatial planning as good territorial 
governance practices that aim to prevent and reduce the social, economic and environ-
mental consequences caused by natural hazards. The aim is to find evidence on how 
risks and their management are progressively included in national planning systems in 
the European context to reduce territorial vulnerability and costs. To that end, there is 
a combination of methods: first, an analytical review of the specialized literature on 
this topic and a documentary analysis of applied planning instruments in selected case 
studies (CSs). Second, interviews with key stakeholders and decision-makers related to 
the CSs were conducted to identify documents and policies applied and to verify the 
content from a practical perspective. Through them, we can determine how the territo-
rial approach (spatial planning) and the management of natural risks are approached 
and integrated to achieve better adaptation to the effects of climate change and global 
warming.

The article contains five sections following this introduction. Based on the scien-
tific literature and related documents, the second section theoretically delves into the 
risk-nature-planning relationships. The third section presents the starting hypotheses in 
the international context regarding hazards, the research questions and the methodol-
ogy used. In other words, this section shows how to conceive and apply spatial plan-
ning in terms of risk management related to climate change through hypothesis testing 
and research questions with real situations reflected in the selected CS’s. The fourth 
section presents the results obtained from the individual case studies and their geo-
graphical context to analyse all of them together (through a SWOT analysis) to verify 
to what extent the hypotheses based on the theoretical dimension are supported or must 
be rejected. These results are treated and discussed in the fifth section, which is the dis-
cussion section, using CAME analysis as the framework. The final section of the paper 
contains the conclusions and recommendations.

The results from the case studies confirm the hypothesis that the general trend is 
an evolution from traditional disaster management to disaster risk management (DRM), 
clearly recognizing that climate change (CC) modifies and exacerbates threats. Data on 
the consequences of natural disasters support the suitability of proactivity instead of 
reaction. Planning contributes to proactivity as the preferred field for governance, that 
is, the coordinated action of the different public administrations responsible for public 
policies and the integration of sectoral approaches related to DRM and CC based on 
public participation processes. While a top-down/hierarchical approach predominates in 
risk management, planning tends to be more heterarchical. However, despite the per-
sistence of traditional tools (hierarchical, sectoral, ex post), there is a move towards 
new governance practices on risk management, depending on planning traditions. This 
governance is more ‘functional’ than ‘territorial’, leaving room for further advances 
and innovations: territorial and multi-risk perspectives, partnerships and civil society 
involvement, and more soft solutions than traditional hard or engineering solutions (in 
general, more useful ex ante).
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2  The relationships between risk, nature and planning

The ecological dimension currently represents a new consideration. Nature and social 
systems have the same value due to the interdependence between them (Colding and 
Barthel 2019), requiring an interdisciplinary dialogue (Urquiza and Cadenas 2015) that 
finds spatial planning (in its triple dimension of public policy, scientific discipline and 
administrative technique; CEMAT 1983) a suitable field for development. However, 
as we confirm in this paper, there is room for improvement. The relationship between 
social and ecological systems is still controversial due to the lack of effective spatial 
planning as an integrated tool (Armonia Project 2006; Fleischhauer et al. 2007).

Planning could operate ex ante as a space for mediation between both systems (social 
and ecological) by influencing the variables that motivate the conflict (Natenzon 1995). 
Planning offers a territorial diagnosis of the physical space, population and activi-
ties and decides which alternatives will guide public policies. However, planning has 
been operating mainly ex post, from an anthropic interest and point of view, as a tool 
for managing the impacts of natural phenomena, measured and specified in monetary 
terms. This economic dimension includes direct costs, usually quantified (e.g., direct 
damage to physical infrastructure), and indirect damage and recovery costs that may go 
unnoticed or be not included (e.g., the loss of productivity and competitiveness, time 
and income situation), causing an increase in the total cost of disasters (Mendoza and 
Méndez 2018). Von Dahlen and Von Peter (2012) propose a linear correlation between 
the frequency of natural disasters and their economic impact. Due to the increase in 
events considered hazards caused by the increase in socioeconomic exposure, the costs 
increase. For this reason, to obtain information about economic impacts derived from 

Fig. 1  Data related to hazards and damage cost considered. Source ESPON TITAN PROJECT final report
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risk, we consider direct (direct damage to capital stock) as well as indirect (disruption 
of economic activities in other linked regions) costs (see Fig. 1).

As noted by the EU Environmental Committee (EUEC) (2006), rising temperatures 
have effects on droughts (affecting agriculture) and more intense storms (increasing 
floods). However, this should not make us lose sight of the fact that climate change is also 
associated with other threats with much greater potential impacts (such as sea level rise 
or changes in oceanic thermodynamics). Based on the findings of Anderson and Bausch 
(2006), the EUEC collected evidence on the impact of natural risks. In 1999, a series 
of storms caused almost 150 deaths and insurance costs of 6.7 billion euros because of 
Cyclone Lothar and losses of 500 million euros due to Cyclone Anatol. In 2002, a flood 
related to the Danube and the Elbe happened in European territory. It affected 600,000 peo-
ple and caused 80 deaths and economic losses of 15 billion euros. In the summer of 2003, 
Europe suffered a heat wave that caused the loss of 22,146 human lives. Subsequently, the 
drought of 2005 produced losses in the agricultural sector of 28 million tons of products. 
More recently, in July 2021, devastating floods affected Switzerland, Germany and Bel-
gium, with 229 fatalities and material damage estimated at more than 2.5 billion euros. 
Finally, in 2022, Storm Eunice caused at least 14 deaths and notable economic impacts yet 
to be quantified, as reported by the Spanish press.1

Beck (1998) points out that natural risks respond to natural dynamics that negatively 
affect social dynamics increasingly due to human activity. For this reason, we must recon-
sider the relationship between both systems (social-ecological) (Berkes and Folke 1998). 
The theory of social-ecological systems has the potential to equate both dimensions 
(Berkes 2017), confronting the frequent theoretical constructions that falsely endow insti-
tutions (the anthropic part) with a hegemonic power capable of transforming and control-
ling nature. Nevertheless, in terms of risk management, it is essential to consider the social 
structure. The impacts of a natural disaster will not be the same across space due to dif-
ferences in political configurations and socioeconomic infrastructures (Natenzon 1995). 
The participation of all involved sectors and interests is decisive when proposing policies 
for preventing, adapting to, and mitigating natural disasters (see Armonia Project 2006). 
Stakeholder interactions condition the resulting actions whose objective must be to reduce 
unnecessary exposure and decrease vulnerability.2

Spatial planning, based on strategical approaches (Albrechts 2004) and including a reg-
ulative dimension (Farinós and Peiró 2022), contributes to the conception and application 
of public policies aimed at the well-being of society in each territory (Galland and Ene-
marck 2013). On this basis, following de Graff and Dewulf (2010), spatial planning rep-
resents “a public-sector-led (Kunzmann 2000) sociospatial (Healey 1997) process through 
which a vision, coherent actions and means for implementation are produced that shape 

1 https:// www. elmun do. es/ inter nacio nal/ 2022/ 02/ 19/ 6210c 8fd21 efa08 83f8b 45e6. html
2 Nouzari et al. (2020) consider the changes introduced by the European Flood Directive by incorporating 
the Flood Risk Management Plan. One important aspect is the change in the scope of action, now linked to 
the river basin. Although this makes more sense from the territorial point of view, the given environmental 
dynamics that cause the risks do not necessarily adjust to political-administrative borders. Nevertheless, this 
increases the complexity because of the increase in administrations and levels as well as a larger group of 
actors. As a result, growth interests become contested, generating new opportunities and dependency rela-
tionships (Seher and Löschner 2016). For this reason, these authors advocate the development of interactive 
governance, which can be understood as a set of guiding principles or dimensions to facilitate the participa-
tion of interested parties, thus reducing the judicialization of conflicts, as usually happens in planning and 
implementation.

https://www.elmundo.es/internacional/2022/02/19/6210c8fd21efa0883f8b45e6.html
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and frame what a place is and may become” (Albrechts 2004, p.471). It includes progres-
sive actions to reduce natural risk, which, within the significant change experienced in the 
last two decades, not only implement the structural actions put in place after the occurrence 
of some episode of catastrophic effects but also try to anticipate and adapt to the aim of 
increasing the effectiveness and reducing the cost of anthropogenic interventions in the 
environment (Olcina and Oliva 2023).

Planning can reduce vulnerability by reducing risk through appropriate land use plan-
ning that lessens overexposure. Planning integrates the issue of risks among its tasks (Ran 
and Nedovic-Budic 2016). However, this greater sensitivity to the climate issue does not 
always contribute to a renewed understanding and reconceptualization of spatial planning 
(Farinós 2021), nor does take a multi-threat or multi-risk approach that allows an overall 
perspective on the possible incidence of certain events. Rather, this happens in very few 
cases that are classified as good practices.

If climate change contributes to extreme events with greater frequency and intensity and 
increasing danger, inadequate land use exacerbates risks even more (Benito et  al. 2005; 
Farinós 2021).3 Spatial planning must incorporate these considerations to reduce vulner-
ability in a space that concentrates population, facilities and activities as the basis for 
estimating the potential for loss and damage. Spatial planning should combine preventive 
actions to adapt territories (ex ante) with mitigation interventions (ex post). The answers 
must refer to each space and different periods (short, medium and long term).4

Spatial planning5 becomes the appropriate tool for the effective management of limited 
economic resources aimed at responding to issues arising from natural risks and the induc-
tion of transformations in social structures. Spatial planning:

– Is a space to link the development of decision-making routines (based on multilevel 
coordination and cooperation) and the effective broad participation of the public 
(including civil society) and private sectors.

3 The effects of climate change are manifesting with increasing frequency and intensity, with more extreme 
climatic situations. Thus, for example, in 2020, the highest temperature ever seen in Antarctica (18.3 °C) 
was recorded. In 2021, unusual temperatures of more than 25  °C were recorded continuously during the 
first three weeks of July in Finland, which reached the maximum temperature ever recorded in summer 
(33.5 °C). Additionally, Sweden surpassed any historical record of maximum temperatures, and in Canada, 
large-scale forest fires broke out after reaching temperatures of 49.6 °C. Spain set a new historical tempera-
ture record in April 2023.
4 The inflows of risk premiums not used for compensation are invested in the market to generate profits for 
the future, as a typical circle of capitalist accumulation that ceases to be profitable only when the level of 
disasters (and their magnitude) is such that the so-called technical reserve is exceeded (Von Dahlen and Von 
Peter, 2012).
 Paradoxically, the main loss for insurance companies came from the 2008 stock market crash, not from 
disasters. The scenario is complex because, as stated by Shiller (2012, cited in Domínguez and Domínguez 
2014), based on the experience of the 2010 earthquake in Haiti, the lack of insurance leads to a lack of 
compensation that hinders the socioeconomic recovery of those affected. All this is in the context of a lack 
of supervision in construction and building regulations by companies, although they correspond to a public 
sector that develops them through its own spatial and urban planning system.
5 The economic costs of dealing with the growing effects of climate change lead to the development of 
structural changes that modify the behaviour of social and economic systems to reduce the impact on eco-
systems. The economy, as noted by Löschnel et al. (2017) based on a CS linked to river flooding scenarios 
in various municipalities in Austria, requires an integrative consideration of the local determinants of flood 
risk to increase the effectiveness of adaptive management, given the existing resource limitations.
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– Is a space for the coherence of sectoral policies through a cross-sectoral/integrated 
approach to improve their effectiveness.

– Combines statutory and flexible approaches, providing legal certainty to decision-mak-
ing legitimated by citizen and stakeholder participation (Farinós and Peiró 2022).6

– Helps to demonstrate facts, patterns and trends based on territorial information that 
uses graphic representation as a support tool for decision-making (Fleischhauer et al. 
2007). Decision-making processes are favoured if updated data and maps are available.7

– These decision-making processes constitute tools for promoting participation based on 
the information-knowledge-opinion-action sequence (Farinós et al. 2017) and risk man-
agement (Ran and Nedovic-Budic 2016). However, they present some limitations, as 
they can mask decision-making (Mileu and Queirós 2018).

International agreements relate spatial planning to DRM and CCA. In this line, the 
United Nations Sendai Framework for Disaster Risk Reduction 2015–20308 introduced two 
main changes from its predecessors: an emphasis on DRM (rather than disaster manage-
ment) and disaster risk reduction as an expected outcome. In the second case, new risks 
should be prevented, existing risks should be reduced, and resilience should be strength-
ened through state policies aimed at preventing and reducing the risk of disasters through 
the active participation of all state institutions and all society. Thus, the Sendai Framework 
explicitly admits the following:

(a) The need for a better understanding of disaster risk in all dimensions related to expo-
sure, vulnerability and hazard characteristics.

(b) The strengthening of disaster risk governance.
(c) The recognition of stakeholders and their roles. Therefore, governance acquires impor-

tance by being developed mainly through territorial policy.9

7 Planning support systems (PP-GIS (public participation GIS) or PP-GIT (public participation geographic 
information technology)) appear as a result of combining spatial decision support systems (derived from the 
decision support systems developed in the 1970s to solve economic and business problems) and the rise of 
participatory planning (Farinós and Sánchez Cabrera 2010; Rall et al. 2019; cited in Gómez et al. 2022).
8 It was adopted at the third United Nations World Conference in Sendai, Japan, on March 18, 2015. It is 
the successor of the Hyogo Framework for Action 2005–2015: Increasing the Resilience of Nations and 
Communities to Disasters. The Hyogo Framework tried to give further impetus to global work on the ‘Inter-
national Framework for Action of the International Decade for Natural Disaster Reduction’ (1989) and the 
‘Yokohama Strategy for a Safer World: Guidelines for the Prevention of Natural Disasters, Preparation for 
Disasters and Mitigation of Their Effects’ and its plan of action (both adopted in 1994), and the ‘Interna-
tional Strategy for Disaster Reduction’ (1999).
9 Several projects and publications study the relationship between governance and urban and spatial plan-
ning, such as the ESPON 2.3.2 Project ‘Governance of Territorial and Urban Policies’, the ESPON TANGO 
Project ‘Towards Better Territorial Governance in Europe’, the ESPON Territorial Governance and Spatial 
Planning-COMPASS Project ‘Comparative Analysis of Territorial Governance and Spatial Planning Sys-
tems in Europe’, Farinós and Gonzalez (2021), Nadin et  al. (2021), and Stead (2021). All highlight the 
diversity of planning practices and approaches depending on each context. The classification of spatial plan-
ning policy, legal instruments and tools can add more detail to studies of policy styles, considering this 
background and knowledge in this article.

6 The French region of New Aquitaine, one of the CSs of this paper, is an example of integration. There, 
integration between spatial and sectoral planning takes place through a figure such as the Schémas région-
aux d’aménagement, de développement durable et d’égalité des territoires. This planning instrument articu-
lates other instruments: the Regional Plan for Ecological Coherence; the Regional Climate, Energy and Air 
Plan; the Regional Plan for Infrastructures, Transport and Intermodality; and the Regional Plan for Waste 
Management and Prevention.
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Considering the experience gained from the implementation of the Hyogo Frame-
work for Action 2005–2015,10 States must take specific actions in all sectors at the local, 
national, regional and global levels in four priority areas:

(1) Understanding disaster risk: Disaster risk management policies and practices imply 
understanding disaster risk in all its dimensions: vulnerability, capacity, the degree 
of exposure of people and assets, the characteristics of hazards and related issues. 
A shared understanding is given in this paper, in which we consider risk = hazard · 
exposure · vulnerability; all of these are related but different concepts. If exposure (i.e., 
socioeconomic elements) is ‘0’ (not any element), there will be no real risk (mainly in 
economic terms). Therefore, natural risks are not an appropriate term; rather, natural 
hazards/menaces or socioeconomic risks are better terms (due to high exposure and 
vulnerability because of the lack of appropriate spatial planning).

(2) Strengthening disaster risk governance to DRM: It is necessary to have clear objectives, 
plans, powers, guidelines and coordination within and between sectors and to enhance 
the participation of relevant actors and strengthen disaster risk governance for preven-
tion, mitigation, preparation, response, recovery, and rehabilitation. Such strengthening 
encourages collaboration and alliances between mechanisms and institutions to apply 
relevant instruments for disaster risk reduction and sustainable development. Contribut-
ing to achieving this:

(a) incorporating and integrating disaster risk reduction in all sectors in a coordinated 
manner and examine and promote the coherence and further development of 
national, regional and local frameworks of laws, regulations and public policies.

(b) encouraging legislators to support the implementation of disaster risk reduction 
measures by developing relevant new legislation, amending existing legislation, 
and establishing budget allocations. Investing in disaster risk reduction for resil-
ience.

(3) improving preparedness for effective disaster response and “building back better” by 
recovering, rehabilitating or rebuilding.

3  Hypothesis, research questions and methodology

This article aims to provide evidence on how good territorial governance practices can 
reduce direct and indirect economic losses due to natural hazards. The hypothesis is that 
spatial planning instruments represent the European Union policy as an appropriate tool 

10 It made it possible to draw lessons and detect shortcomings and future challenges (up to a total of 15 are 
included in the final document of the Sendai Framework), among which we highlight the following: (5) It 
is urgent and essential to anticipate the risk of disasters, plan measures and reduce this risk to more effec-
tively protect individuals, communities and countries, their livelihoods, their health, their cultural heritage, 
their socio-economic assets and their ecosystems, thus strengthening their resilience. (13) It is necessary 
to address climate change as one of the factors that drive disaster risk… for which… (14) It is necessary to 
address current challenges and prepare for future challenges by focusing on the following actions: monitor-
ing, assessing and understanding disaster risk and sharing that information (and the method to produce it); 
strengthening disaster risk governance and coordination in relevant institutions and sectors as well as the 
complete and meaningful participation of relevant actors at appropriate levels.
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for disaster risk management (DRM) and climate change adaptation (CCA) measures. This 
hypothesis responds to international agreements, such as the agreement mentioned above. 
On this basis, the research questions are as follows:

•Which instruments and policies regarding DRM (e.g., hazard maps, disaster manage-
ment plans, compulsory insurance) and CCA exist for territories at different policy lev-
els?
• To what degree are DRM and CCA measures integrated into spatial planning and ter-
ritorial development policies?
• How do the territorial impacts of natural hazards affect the territory? Do coherent pol-
icies, by integrating DRM and CCA strategies into spatial planning instruments, change 
the results? What could be the recommendations for policy-makers?

Eight CSs were selected and analysed (Table 1) to answer the questions above. The CSs 
were selected considering how well they illustrate diverse types of risk, geographical con-
texts, risk management/prevention practices, planning systems traditions and scales/levels 
of decision (Grieving and Navarro 2022). In this way, the method aims to verify the theo-
retical approaches by studying the CSs.

This paper collects the main results from the analysis of these eight CSs based on a 
matrix of analysis questions defined for the TITAN project: (i) geographic, economic and 
demographic characterization; (ii) the main characteristics of the administrative structure 
and planning system; (iii) the economic impacts of natural disasters in the case study area; 
(iv) DRM at the case study level (responsible institutions in risk prevention and risk assess-
ment); (v) CCA at the case study level (climate change impact assessment and CCA); and 
(vi) lessons learned.

This led to a summary report of the set of CSs in terms of the following items: (1) 
the existing baseline; (2) DRM formal measures highlights; (3) any common/overall DRM 
approach (preventive, measure, responsibilities…); (4) the interlinkages of different kinds 
of measurements; (5) the important additional value of practice beyond formal planning; 
(6) CCA; (7) cooperation and coordination; and (8) lessons learned.

Table 1  Overview of the TITAN case studies. Source Farinós, Pinazo, Peiró, Rodríguez 2023

Study case Country Risks Policy levels geographical scale

Rotterdam NL Floods National City
Prague CZ Floods National City
Po River Basin IT Storms National and regional Region (Lombardia)

Earthquake
Pori FI Floods National City
Andalucía SP Floods National and regional Constitutional Region

Storms
Nouvelle-Aquitaine region FR Storms (1999) National Region

Storms (2010)
Dresden GE Floods (2002) State and federal Region

Floods (2010)
Floods (2013)

Alpine region Transnational Several International protocols Euroregion
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From this work, it was possible to identify the main spatial planning instruments and 
tools used by responsible public administrations (at different scales, following a multilevel 
perspective) for natural risk management and the fight against climate change as well as 
their level of effectiveness. The point of departure was that prevention measures are prefer-
able to adaptation and mitigation measures, both of which are necessary for any strategy to 
fight against climate change and appropriately manage natural risks. In this sense, spatial 
planning represents the best alternative for articulating effective responses spatially (due to 
its multilevel approach) and temporally (due to its prospective vocation).

We also carried out a search, selection and analysis of the contents of public policy 
documents to illustrate the foci of the selected cases. This research involved two methodo-
logical phases (see Fig. 2). The first was source location. Second, we performed a content 
analysis of published documents and regulations (see Appendix). Both phases started with 
a research question to answer through inferences drawn from texts: What is the relation 
between spatial/urban planning and risks? Thus, we proceeded to locate and collect the 
available written information (from bibliographies, legislations or reports). Thus, for the 
set of technical and legal texts, we conducted discourse content analysis following Krip-
pendorff (2004), as performed in other works at the European level (Elissalde et al. 2013). 
Subsequently, in the second phase, using the triangulation technique, the results of the first 

Fig. 2  Flowchart of the methodological process. Source Farinós, Pinazo, Peiró, Rodríguez 2023



 Natural Hazards

1 3

phase were refined and validated at two stages and two levels. First, triangulation was per-
formed with the experts responsible for each case study through a web questionnaire and, 
later, through a telematic interview (see Table  2). Second, triangulation was performed 
with the rest of the TITAN Project participant research teams. On this basis, the diagnosis 
was obtained, and the conclusions were developed and checked with the rest of the project 
teams before their final drafting.

Specifically, in this second phase of triangulation, through a telematic questionnaire, 
we obtained a characterization of the particularities of each territory, namely, the territo-
rial distribution of risks, the impacts they produce, their costs, and an identification of the 
responses of the different administrations involved to this situation. In this way, we devel-
oped an inventory of initiatives (political, legal) and sectoral planning instruments (statu-
tory or strategic) to respond to the effects of natural risks associated with CC. From this 
work, it was possible to establish some first typologies.

Stakeholders in the study areas, owing to interviews with them, verified our proposal. 
The interviews included personnel with diverse profiles, but all were linked to the issue 
of risk management in their respective territories: political representatives, administra-
tion technicians, experts from academia/research centres, private actors (practitioners) and 
members of civil society. Then, we presented the different reports to the interested parties 
and the rest of the teams participating in the TITAN Project. Doing so resulted in a series 
of relationships between types of phenomena, planning styles and territories with specific 
characteristics, which could allow extrapolation to other European spaces.

On this basis, we present a characterization of the risk assessment system in each CS, 
as well as the way policy-makers develop evidence to manage risks at different levels and 
the role that spatial planning plays in DRM and CCA. In addition, we perform a SWOT 
analysis for the set of cases. These results are processed in the discussion section. The 
structure for the information is a CAME (correct weaknesses (C), fight threats (A), main-
tain strengths (M), and exploit opportunities (E)) analysis. From the CAME analysis, we 
present a series of conclusions and recommendations, which can contribute to improving 
the evaluation of public policies, giving rise to a new conceptual and analytical model still 
under discussion (see, in this regard, initiatives such as that organized by the JOINT ACSP-
AESOP Session: Inclusive Climate Action Planning in Europe and America in November 
2022).

4  Results

In this section, we present the detailed information collected from each of the eight CS 
reports and Annex 5 of the ESPON-TITAN Scientific Report: Case Study Synthesis.11

Although the cases respond to different scales, countries have strategies or plans for 
CCA and DRM at the national level, from which they develop measures at the regional 
or local levels (in this way, clearly following a hierarchical principle). All CSs reflect the 
importance of setting common standards for DRM and CCA strategies within the Euro-
pean Union at the supranational level (i.e., European institutions), as reflected in the suc-
cess of Flood Risk Management Directive 2007/60/EC.

11 All reports are available at https:// www. espon. eu/ natur al- disas ters.

https://www.espon.eu/natural-disasters


Natural Hazards 

1 3

Ta
bl

e 
2 

 P
ro

fil
e 

lis
t o

f i
nt

er
vi

ew
ee

s b
y 

ca
se

 st
ud

y.
 S
ou
rc
e 

Fa
rin

ós
, P

in
az

o,
 P

ei
ró

, R
od

ríg
ue

z 
20

23

C
as

e 
stu

dy
N

o.
 p

eo
pl

e
In

sti
tu

tio
n

Po
si

tio
n

Ro
tte

rd
am

2
M

un
ic

ip
al

ity
 o

f R
ot

te
rd

am
Se

ni
or

 a
dv

is
or

 fl
oo

d 
R

is
k 

M
an

ag
em

en
t

Se
ni

or
 a

dv
is

or
 fl

oo
d 

R
is

k 
M

an
ag

em
en

t
Pr

ag
ue

3
Pr

ag
ue

 In
sti

tu
te

 o
f P

la
nn

in
g 

an
d 

D
ev

el
op

m
en

t
H

ea
d 

of
 O

ffi
ce

 / 
U

ni
t o

f T
ec

hn
ic

al
 In

fr
as

tru
ct

ur
e

W
at

er
 M

an
ag

em
en

t s
pe

ci
al

ist
EU

 a
nd

 In
te

rn
at

io
na

l R
el

at
io

ns
 S

pe
ci

al
ist

Po
 R

iv
er

 B
as

in
3

Re
gi

on
e 

Lo
m

ba
rd

ia
Re

gi
on

al
 T

er
rit

or
ia

l D
ep

ar
tm

en
t M

ou
nt

ai
n

D
ire

ct
or

at
e-

G
en

er
al

 fo
r T

er
rit

or
y 

an
d 

C
iv

il 
Pr

ot
ec

tio
n,

 U
rb

an
 

Pl
an

ni
ng

 a
nd

 S
pa

tia
l p

la
nn

in
g,

 H
yd

ro
ge

ol
og

ic
al

 P
la

nn
in

g,
 

N
et

w
or

ks
 a

nd
 W

at
er

 S
ta

te
 P

ro
pe

rty
C

iv
il 

Pr
ot

ec
tio

n
H

ea
d 

of
 O

rg
an

iz
at

io
na

l P
os

iti
on

 “
Te

rr
ito

ry
 se

cu
rit

y 
an

d 
so

il 
de

fe
ns

e”
, i

nt
er

na
l e

xp
er

t w
ith

 th
e 

fu
nc

tio
ns

 o
f s

ec
re

ta
ry

 ta
ki

ng
 

th
e 

m
in

ut
es

H
ea

d 
of

 th
e 

“C
oo

rd
in

at
io

n 
of

 E
m

pl
oy

m
en

t C
en

tre
s”

 D
ep

ar
tm

en
t 

– 
Ex

ec
ut

iv
e 

“C
oo

rd
in

at
io

n 
Pu

bl
ic

 E
m

pl
oy

m
en

t S
er

vi
ce

s”
C

ity
 o

f P
or

i
3

M
un

ic
ip

al
ity

Pr
oj

ec
t w

or
ke

r f
or

 In
te

rr
eg

 B
al

tic
 S

ea
 R

eg
io

n 
N

O
A

H
-p

ro
je

ct
C

iv
il 

en
gi

ne
er

 c
on

str
uc

to
r a

t C
ity

 o
f P

or
i

D
es

ig
n 

en
gi

ne
er

 o
f F

lo
od

 R
is

k 
M

an
ag

em
en

t
A

nd
al

uc
ía

3
Re

gi
on

al
 a

dm
in

ist
ra

tio
n.

 A
nd

al
us

ia
n 

G
ov

er
nm

en
t. 

CA
G

PD
S

H
ea

d 
of

 S
er

vi
ce

Re
gi

on
al

 M
in

ist
ry

 o
f D

ev
el

op
m

en
t, 

In
fr

as
tru

ct
ur

es
 a

nd
 P

la
n-

ni
ng

. A
nd

al
us

ia
n 

G
ov

er
nm

en
t

G
en

er
al

 D
ire

ct
or

at
e 

of
 U

rb
an

 P
la

nn
in

g 
an

d 
Te

rr
ito

ry
 P

la
nn

in
g

M
in

ist
ry

 o
f A

gr
ic

ul
tu

re
, L

iv
es

to
ck

, F
is

he
rie

s a
nd

 S
us

ta
in

ab
le

 
D

ev
el

op
m

en
t

H
ea

d 
of

 E
nv

iro
nm

en
ta

l A
ss

es
sm

en
t a

nd
 A

na
ly

si
s S

er
vi

ce

N
ou

ve
lle

-A
qu

ita
in

e 
re

gi
on

2
D

R
EA

L 
N

ou
ve

lle
-A

qu
ita

in
e

H
ea

d 
of

 th
e 

H
yd

ro
m

et
ry

 a
nd

 F
lo

od
 F

or
ec

as
tin

g 
D

ep
ar

tm
en

t, 
D

ep
ut

y 
H

ea
d 

of
 th

e 
N

at
ur

al
 a

nd
 H

yd
ra

ul
ic

 R
is

ks
 D

ep
ar

tm
en

t
Pr

ef
et

 d
e 

la
 D

or
do

gn
e

D
ep

ar
tm

en
ta

l D
ire

ct
or

at
e 

of
 T

er
rit

or
ie

s



 Natural Hazards

1 3

Ta
bl

e 
2 

 (c
on

tin
ue

d)

C
as

e 
stu

dy
N

o.
 p

eo
pl

e
In

sti
tu

tio
n

Po
si

tio
n

D
re

sd
en

5
TU

 D
or

tm
un

d 
U

ni
ve

rs
ity

Se
ni

or
 R

es
ea

rc
he

r

Re
gi

on
al

 P
la

nn
in

g 
A

ss
oc

ia
tio

n 
fo

r t
he

 U
pp

er
 E

lb
e 

Va
lle

y/
Ea

st-
er

n 
O

re
 M

ou
nt

ai
ns

Re
ne

w
ab

le
 e

ne
rg

ie
s/

us
e 

of
 w

in
d 

en
er

gy
, t

ec
hn

ic
al

 in
fr

as
tru

ct
ur

e 
in

cl
ud

in
g 

tra
ns

po
rt 

an
d 

te
ch

ni
ca

l p
ro

te
ct

io
n 

of
 th

e 
en

vi
ro

nm
en

t

St
at

e 
O

ffi
ce

 fo
r t

he
 E

nv
iro

nm
en

t, 
A

gr
ic

ul
tu

re
 a

nd
 G

eo
lo

gy
H

ea
d 

of
 D

ep
ar

tm
en

t –
 W

at
er

, S
oi

l, 
Re

cy
cl

ab
le

s

Fi
re

 d
ep

ar
tm

en
t/r

es
cu

e 
se

rv
ic

e/
di

sa
ste

rs
 a

nd
 c

iv
il 

pr
ot

ec
tio

n
Fi

re
 C

hi
ef

 (R
et

ire
d 

in
 2

02
1)

St
at

e 
C

ap
ita

l E
nv

iro
nm

en
ta

l O
ffi

ce
C

hi
ef

 o
f t

he
 O

ffi
ce

 o
f F

ire
 a

nd
 D

is
as

te
r C

on
tro

l
A

lp
in

e 
re

gi
on

4
M

in
ist

ry
 o

f E
nv

iro
nm

en
t a

nd
 S

up
er

vi
so

r, 
D

ire
ct

or
at

e 
fo

r S
pa

tia
l 

pl
an

ni
ng

, C
on

str
uc

tio
n 

an
d 

H
ou

si
ng

, S
lo

ve
ni

a
M

em
be

r o
f t

he
 S

lo
ve

ni
an

 d
el

eg
at

io
n 

to
 th

e 
St

an
di

ng
 C

om
m

itt
ee

 
of

 th
e 

A
lp

in
e 

C
on

ve
nt

io
n

Fe
de

ra
l M

in
ist

ry
 o

f A
gr

ic
ul

tu
re

, R
eg

io
ns

 a
nd

 T
ou

ris
m

, S
ec

tio
n 

II
I –

 F
or

es
try

 a
nd

 S
us

ta
in

ab
ili

ty
, D

ep
ar

tm
en

t I
II

/4
 –

 T
or

re
nt

 
an

d 
A

va
la

nc
he

 C
on

tro
l a

nd
 F

or
es

t P
ro

te
ct

io
n 

Po
lic

y,
 A

us
tri

a;

M
em

be
r o

f A
ct

io
n 

G
ro

up
 8

 o
f E

U
SA

LP
; M

em
be

r o
f t

he
 N

at
ur

al
 

R
is

ks
 P

la
tfo

rm
 (P

LA
N

A
LP

) o
f t

he
 A

lp
in

e 
C

on
ve

nt
io

n

H
id

ro
te

hn
ik

 V
od

no
go

sp
od

ar
sk

o 
po

dj
et

je
 d

.o
.o

., 
Sl

ov
en

ia
;

M
em

be
r o

f t
he

 N
at

ur
al

 H
az

ar
ds

 P
la

tfo
rm

 (P
LA

N
A

LP
) o

f t
he

 
A

lp
in

e 
C

on
ve

nt
io

n;
 M

em
be

r o
f t

he
 E

U
SA

LP
 A

ct
io

n 
G

ro
up

 8
V

ie
nn

a 
U

ni
ve

rs
ity

 o
f T

ec
hn

ol
og

y,
 In

sti
tu

te
 fo

r S
pa

tia
l p

la
nn

in
g

La
nd

 P
ol

ic
y 

an
d 

M
an

ag
em

en
t R

es
ea

rc
h 

A
re

a



Natural Hazards 

1 3

The public sector is the leading actor in DRM and CCA through public policies and 
their creation and implementation, which combine preventive and adaptative measures. 
The spatial planning role in this is clear. Comprehensive plans provide the opportunity 
to coordinate actions and budgets and involve stakeholders and civil society. Among the 
activities, spatial planning includes both ex ante (adaptation and prevention) and ex post 
(repairing once the event causes damage) measures. The private sector focuses its activity 
on economic compensation, mainly related to property and based on the economic pursuit 
of profit. This is the case for insurance companies involved in the cases of the city of Pori, 
covering the repair costs because of floods, and Andalusia, where agricultural insurance 
plays a fundamental role in compensating for the losses of farmers after climatic events 
such as floods, storms and hail.

The split between ex ante and ex post has analytical relevance only for showing how 
the public and private sectors participate in DRM and CCA. From an applied perspective, 
planning should include preventive and adaptative measures with protocols to act after the 
events. Although emergency protocols and strategies are formulated (ex ante), they are not 
usually related to other planning elements. For example, the city of Pori does not produce 
risk management plans in collaboration with spatial planning, although risk and hazard 
maps are available for use in spatial planning (according to the interviewed stakeholders). 
However, in other cases, they are well connected. In the case of Andalusia, the planning 
and management of the risk of flooding, associated with a specific hydrographic demarca-
tion, are framed in water sectoral planning (hydrological planning). This planning relates 
to other planning instruments (especially land use and urban planning plans) and other 
sectoral planning areas (civil protection plans, infrastructure management or agriculture). 
Therefore, flood risk planning and management interact with other planning domains at 
the local level in land use planning in the Spanish case. Similarly, in the Po River basin, 
according to the Regional Spatial Planning Law of the Lombardy region, it is mandatory 
to carry out geological, hydrogeological and seismic hazard analyses in the preparation of 
each level of urban planning. In this context, civil protection plans (at all levels) consider 
hazards, scenarios and actions to mitigate the consequences if an event occurs.

The results from the case studies also confirm the importance of broad involvement and 
participation in DRM and CCA as a condition for achieving good risk governance. The 
cases of the Dresden region, the city of Pori, the Po River Basin, Nouvelle-Aquitaine, Rot-
terdam and the Alpine region show the importance of involving citizens and the private 
sector in these strategies. In the case of Dresden, the Saxony Climate Network (Klima-
Netzwerk Sachsen) is a think tank in which authorities, universities and research institutes 
work together to strengthen their relationship. In the case of the city of Pori, the so-called 
flood groups interact with fluvial demarcation and the significant coastal zone of risk, as 
well as with operators, land and water owners, water users and representatives of organiza-
tions, during various stages of the preparation of the Flood Risk Management Plan. The 
Po River Basin case illustrates how this collaboration and cooperation between actors are 
a source of innovation, such as collaboration between the private sector and universities, to 
develop new solutions and skills. The Nouvelle-Aquitaine case shows how local govern-
ments have developed strategies to involve citizens and stakeholders in protecting com-
munities (e.g., the Survey 17 project, the MAREA project, or the Semaphore tool). In this 
line, the Rotterdam Delta programme includes the participation of stakeholders in devel-
oping CC impact assessment maps. In addition, stakeholders participate in the evaluation 
of different alternatives for adaptation. This process is known as the ‘risk dialogue’. The 
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success of the INTERREG programmes in the Alpine region, which create a framework for 
exchange and cooperation between economic, environmental and social actors by bringing 
together representatives from science, politics, business and innovation, is another example 
of good practice. Finally, the cases of the cities of Pori and Andalusia also illustrate the 
importance of educating and raising awareness among citizens about natural risks and their 
consequences as well as the importance of immediate actions (e.g., emergency telephone 
numbers available during the event).

Risk assessment helps policy-makers develop evidence for DRM frameworks at differ-
ent territorial scales. In this sense, one of the results is that it is necessary to include risk 
assessment methodologies. As the Dresden CS demonstrates for floods, prevention areas 
are a solution based on the intensity of the hazard, considering parameters such as flow 
velocity and water depth rather than the probability of occurrence. Moreover, it is nec-
essary to complement historical information (i.e., the return period) with methodologies 
based on prospective scenarios, such as the CSs of the city of Pori, the Po River Basin or 
the Dresden region. In this way, spatial planning becomes preventive and proactive because 
it combines historical data on the most vulnerable areas and future scenarios for adapta-
tion to new dynamics and threats of climate change. The cases of Prague and Andalusia, 
based solely on the exploitation of historical data for risk assessment, illustrate the oppo-
site model based on reaction. The data on the consequences of natural disasters in these 
two opposing methodological typologies (proactivity vs. reaction) support the suitability of 
the first model.

What is this situation in practice? Table 3 summarizes the findings extracted from the 
analysis of CSs to determine which criteria could define good and effective DRM prac-
tices and performance. According to the table, the geographical context and the importance 
given to conditions create differentiated behaviours among the case studies. Indeed, condi-
tions produce the main consensus (6 or more CSs recognize their importance for 16 of the 
total 23 criteria/conditions). The less recognized are those referring to an improvement in 
quality (‘regular update of assessments’, 5 of 8 CSs) and innovation (‘consideration of cas-
cading effects’, ‘innovative strategies’, 5/8 CSs; ‘multi-hazard risk assessment’, ‘territorial 
approach’, 4/8 CSs; and ‘cross-border assessment and management initiatives’, 3/8 CSs). In 
extreme situations, there are two conditions. In a positive way, ‘specific sectoral manage-
ment plans and instruments’ (recognized in 8/8 CSs) correlate with low recognition of the 
territorial approach, as integrated and the opposite of the sectoral approach, which is the 
most common approach. Less recognized is ‘integration of DRM and CCA in planning 
laws’ (1/8 CSs) due to the little desire for more regulation to drive own management. Join-
ing risk management improvement and no more regulation leads us directly to new govern-
ance practices as the desired way to follow and confirms the starting hypothesis regarding 
‘functional’ governance over ‘territorial’ governance.12

Regarding the dynamics of each CS, its scale and the geographical context it represents, 
the tradition/style of planning seems to be a better factor than scale (local/city instead of 
regional, national or supranational). Therefore, the CSs of the Dresden region (Germany), 
Nouvelle-Aquitaine (France), Rotterdam (the Netherlands), Po River Basin (Italy) and City 
of Pori (Finland) belong to countries or territories with an advanced planning style of an 

12 Blatter (2004) consider territorial governance more formalized and closer to spatial planning, contrasting 
it with the functional approach (more versatile and fluid), which is less stable in time and space. Functional 
governance works with network interaction, multiple and diffuse scales, and variable geometries, responds 
to specific questions and tasks, and is closer to cooperation (Farinós and Gonzalez 2021).
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integrated nature based on the classification included in the different projects and scien-
tific literature already cited in footnote 8. In the second tier, the CSs of Andalusia (Spain) 
and Prague (Czech Republic), respectively, correspond to traditional normative land use 
planning (urbanism tradition) and a new member state in Central Europe. There is a lower 
frequency of answers in the case of the Alpine region, one can imagine, because this is 
not a topic in which the region has competence and it is not explicitly included in trans-
national agreements, even though the region has a desire for ‘cross-border assessment and 

Table 3  Criteria/conditions for good and effective practice of DRM. Source Farinós, Pinazo, Peiró, Rod-
ríguez 2023

Criteria N. Alpine 
Region Andalusia City of 

Pori
Dresden 
Region

Nouvelle 
Aquitaine

Po river 
Basin Prague Ro�erdam

Provide data 7 - X X X X X X X 
The collabora�ve approach 

across sectors 7 X X X X X X - X 

Vulnerability data 7 - X X X X X X X 

Mul�-hazard risk assessment 4 - - - X X X - X 
Tools for priori�zing and risk 

mapping 7 - X X X X X X X 

Considera�on of cri�cal 
infrastructures 7 - X X X X X X X 

Scenarios of future 
development 6 - X X X X X - X 

Provide quan�ta�ve results 7 - X X X X X X X 

Provide results in maps 7 - X X X X X X X 
Regular update of 

assessments 5 - - X X X X - X 

Coordina�on of all involved 
stakeholders 7 - X X X X X X X 

Stakeholder involvement 6 X - X X X X - X 
Considera�on of cascading 

effects 5 - - X X X - X X 

Parallel modelling approach 6 X X X X X - X 

Integra�on of climate change 6 X X X X X - - X 
Cross-border assessment and 

management ini�a�ves 3 X - - X X - - - 

Integra�on of DRM and CCA 
in planning laws 1 - - - X - - - - 

Primary integra�on of risk 
assessment & management 

into spa�al planning processes
7 - X X X X X X X 

Territorial approach 4 - - - X X X - X 
Planning instruments, 

including Environmental 
Impact Assessment

7 - X X X X X X X 

Hazard zoning as a basis for 
planning decisions 7 - X X X X X X X 

Specific sectoral 
management plans and 

instruments
8 X X X X X X X X 

Innova�ve strategies (no 
regret strategies; retreat; 

burden sharing)
5 - - - X X X X X 

TOTAL FREQUENCY IN THE CS 5 15 18 23 22 19 13 21 
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management initiatives’, a criterion/condition recognized in only two more CSs (regions of 
Dresden and Nouvelle-Aquitaine) (see Table 3).

As a result of the quantitative and qualitative data collected for each CS, we reveal the 
results regarding the effectiveness of spatial planning for DRM. Within the analysis of the 
case studies, Table 4 shows the economic impact of the different natural events analysed in 
this research.

In all cases, except for the Alpine region CS, for which there is not enough infor-
mation, the severity of the economic impact caused by natural events is highlighted. 
Furthermore, the analysis shows how investing in prevention drastically reduces losses. 
Specifically, the city of Pori CS shows the effectiveness of the prevention measures 
implemented because river floods tend to occur on a regular basis every 10–20  years; 
however, due to flood risk management, in the last 50 years, there have been no extreme 
flood events. The information obtained for the Rotterdam CS reveals that the more recent 
floods had no significant economic impact in the area located within the banks. The data 
analysis of the Po River Basin shows that the floods that occurred in 2014, 2016, 2018 
and 2019 caused less damage than previous floods caused by the infrastructures built. In 
the same line, comparing the impacts of events that occurred before and after the imple-
mentation of prevention measures, the Nouvelle-Aquitaine region CS reveals that the 
1999 Cyclone Lothar and Martin had economic impacts more than three times greater 
than those of the 2010 Cyclone Xynthia, even if the implemented measures did not work 
as well as planned. Furthermore, the Dresden CS shows the downward trend in the Elbe 
River flood economic impact, with a decrease from 1.8 billion euros in 2002 to 0.85 bil-
lion euros in 2010 to 0.56 billion euros in 2013 due to the implementation of prevention 
measures. All these case studies are good examples of advanced planning styles of an 
integrated nature.

On the other hand, the Prague CS shows that prevention pays off even if it is imple-
mented in a reactive way (correction) rather than through integration. The economic 
impact of the 2013 flood in Prague was lower than that of the 2002 flood, as central areas 
of Prague did not suffer damage since the post-2002-developed flood protection measures 
protected them. Even if the economic impact of the 2013 flood is unknown, the 4 billion 
Czech koruna spent by the government to address the consequences of flooding indicates a 
minor cost.

Finally, the cost of intervention measures implemented to prevent damage may not 
consider the impact on nature and its costs. Engineering responses to DRM and CC can 
alter ecosystemic dynamics. The European Union is promoting nature-based solutions 
as an alternative to traditional approaches. Nature-based solutions represent an umbrella 
concept inspired and supported by nature; are cost effective; simultaneously provide envi-
ronmental, social and economic benefits; and help build resilience. Such solutions, which 
include green and blue infrastructure, bring nature and natural features and processes into 
cities, landscapes and seascapes through locally adapted, resource-efficient and systemic 
interventions.13

This section ends with the following SWOT analysis of the 8 CDs from an integral 
perspective:

13 https:// cordis. europa. eu/ artic le/ id/ 421771- nbs- benefi ts- and- oppor tunit ies- wild- et- al- 2020

https://cordis.europa.eu/article/id/421771-nbs-benefits-and-opportunities-wild-et-al-2020
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Strengths

- A clear and general recognition that current threats are modified and increased by the effect of climate 
change, which affects policy development

- Regulatory and instrumental frameworks are increasingly used at the European, national and regional levels
- A general understanding of broad involvement and participation in DRM and CCA as a condition for 

achieving good risk governance
- Increasing availability of geographic information
- Risk map elaboration identifies the most vulnerable areas. Rotterdam’s Weather Wise, Urgent Document 

is a good example. It includes up-to-date risk maps and a description of the problem and methodol-
ogy for building the map (technical innovation), the location of vulnerable objects, challenges, and 
responsible actors. The document defines three components: (1) to know: information related to the 
effects of changes in the climate through impact assessments or stress tests that are developed and 
specified in maps and research; (2) "WANT" or "RISK DIALOGUE", from which a climate agenda can 
emerge: the participation of stakeholders in the content of the map and deliberation to identify what is 
considered relevant and what is not, based on the costs associated with certain decisions; (3) WORK: 
actions derived from the integration of the climate agenda in the planning system to carry out research 
or generate knowledge, social actions (such as communication, stimulation) or related territorial actions, 
for example, greening areas and vegetation (as a new green infrastructure, 20 hectares of green spaces 
was added by 2022 compared to those existing in 2018)

Weaknesses

- Natural regions do not correspond to political-administrative borders. Therefore, natural resource man-
agement and implementation do not occur in general terms in the most appropriate areas for them to be 
effective

- There is a direct relation between the density of socioeconomic activities and the risk and vulnerability 
to threats

- Productive mono-specialization increases risk and vulnerability in economic terms, as in the Alpine 
region (tourist activity), the Po River Basin in Lombardy (creative and cultural industries), and the 
Dresden region (secondary sector industry and activities)

- There is evidence of a lack of continuous and up-to-date information related to the economic costs of 
disasters during the events and, above all, of those that follow, both the most common direct (those that 
refer to damage to the capital stock) and the least usually considered indirect (those associated with the 
interruption of economic activity in related regions) costs

- Budgets prepared for investments related to prevention and adaptation are quantified less frequently. 
These costs are closely related to the role of insurance companies

- Reactive policies are more frequent than proactive policies. Most risk assessments and climate change 
adaptation measures operate in areas that are developed and consolidated. Consequently, many activities 
are located in hazardous areas, which can potentially be affected by future events, necessitating a politi-
cal and economic effort in terms of re-planning and the reallocation of uses and development

- Spatial planning and civil protection are often not well connected

Opportunities

- Risks are inevitable but managed more appropriately and safely
- The rehabilitation of urban areas is usually more demanding and requires more time and resources. 

Therefore, a proactive approach is much more efficient than a reactive approach, although the latter may 
end up being first, depending on the urgency and needs

- Introducing adaptation measures in spatial planning (aligned with the EU Green Deal) is one example of 
how a multilevel approach to spatial planning promotes better management of natural hazards
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Opportunities

- The behaviour is different from case to case, using traditional land use planning formulas (Andalusia, 
Po River Basin, city of Prague), innovation (Rotterdam), or a combination of the two (city of Pori, 
Nouvelle-Aquitaine region)

- Spatial planning represents a tool for achieving long-term adaptation to climate change (CLISP Alpine 
Space: 47). Several relevant documents related to climate adaptation also give spatial planning a role. 
The European Commission’s White Paper emphasizes its role in climate adaptation issues. Spatial 
planning should include prevention (proactive), mitigation and adaptation (reactive) activities regarding 
climate change. Mitigation and prevention measures need to be maintained

- The strategic component in spatial planning allows us to focus on the medium and long term, improving 
the balance of the effects caused by natural disasters (in economic, human, and environmental terms). In 
this way, authorities should focus their investment on prevention management instead of adaptation and 
mitigation policies, although such investment is less profitable in the short term

- The Dresden and Rotterdam regions are good examples that illustrate this situation with the construction 
of infrastructures that reduce the impact of natural phenomena. Contrary to short-termism, it is possible 
to adapt policies and actions to the current hardening of natural events derived from climate change, 
improving the results of these policies. The case of the city of Pori is another example of prevention 
and the maintenance of structures that protect from floods. The Po River Basin shows that although the 
events are more intense due to climate change and despite the increase in anthropic pressure, the dam-
age caused is less than in the past owing to these structures

Threats

- Current threats are modified and increased by the effect of climate change, as verified in diagnoses and 
stated in the preambles that justify new pieces of legislation. New anthropic activities are at risk now. 
Sea level rise and regime change in weather events are becoming more extreme and recurrent, as in the 
CSs of the Po River Basin, Lombardy, Nouvelle-Aquitaine and the city of Pori

- Similar to droughts and earthquakes, floods affect a larger area than storms or landslides, which are 
more localized and cause direct and indirect economic impacts and losses in rural and urban areas. 
These floods, the most widespread and harmful phenomenon, are becoming more intense and recurrent. 
In addition, the combination of phenomena increases the damage, enhanced by climate change

- The effects and costs of natural disasters are not measured correctly, as the consequences over time are 
not considered alongside the immediate costs

- The challenge affects both future projects and those that were carried out in the past: many urbanized 
areas are in risk zones, as in the cases of the city of Pori, the Po River Basin or Nouvelle-Aquitaine

- A top-down hierarchical approach to risk management is still predominant. On the other hand, in plan-
ning instruments, relationships are more heterarchical. This situation can lead to a lack of harmony 
between the two

- Urban agglomerations and their growth, sometimes not compatible with the new conditions, affect the 
ecosystems and natural resources of nearby urban and rural areas

5  Discussion

The contents of this section follow a CAME (correct weaknesses (C), fight threats (A), 
maintain strengths (M), and exploit opportunities (E)) analysis structure to provide a 
series of key messages and recommendations regarding how new spatial planning tools 
can or cannot help DRM and CCA:
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5.1  To correct weaknesses

There is evidence of a lack of continuous and up-to-date information related to the eco-
nomic costs of disasters during events and, above all, of those that follow them (both 
direct and indirect).

Achieving better adequacy between political and ecologically functional regions and 
establishing cooperation rules between different administrative units improve the per-
formance of management efficiency and results. In this sense, cross-border cooperation 
is relevant for spatial planning, DRM and CCA. The CSs show how this cooperation 
must exist between regions within the same country (as in the case of the Po River 
Basin, where there is active coordination of actions at the river basin level) and between 
countries. For example, in the Dresden region, Germany cooperates with Poland and 
the Czech Republic in terms of flood risk management, flood risk assessment and spa-
tial planning; additionally, in the Alpine region, cooperation to protect inhabitants and 
infrastructure against natural hazards and develop appropriate preventive measures 
occurs between Germany, Austria, France, Italy, Liechtenstein, Monaco, Slovenia and 
Switzerland. The latter case shows the importance of transnational programmes such as 
the EUSALP or INTERREG and transnational projects such as GreenRisk4Alps.

Regarding adaptation to climate change, adaptation strategies and action plans devel-
oped at the national and regional levels should be transferred to the local level through 
adaptation measures because the impact ultimately occurs at the local level. France is an 
example of a transfer from the national level to the local level due to the coordination 
of national and supra-regional uses in an integrated manner. This is possible because 
of new instruments of integrated inter-sectoral planning, which must modify new land 
uses that are the responsibility of local authorities. In the cases of Andalusia and Pori, 
local planning takes place in cities. There are also groupings of municipalities for this 
purpose, such as in the Po Valley and Nouvelle-Aquitaine.

Vertical coordination and cooperation are essential for DRM and CCA. Some good 
examples include the common geographic information platform of the Po River Basin 
case study, the role of civil protection in the Andalusian case study, and the interactive 
and online tools for DRM that improve cooperation between different administrative 
levels and the inclusion of citizens in the Dresden region. At other times, local action 
occurs through specific projects and measures well integrated into previously defined 
plans and programmes (Pori and Rotterdam and with a more reactive ex post in the case 
of Prague).

Cooperation structures between different administrative levels are needed, as are 
those between experts, based on a balanced set of formal and informal elements. Fol-
lowing the examples of the Alpine region, the Dresden region, and the Po River Basin, 
long-lasting, sustainable and effective cooperation should respond to formal agree-
ments, complemented by interpersonal connections based on mutual trust and an open 
mind to share experiences and learn from others.

A comprehensive approach to spatial planning is preferable to a purely sectoral 
approach because it allows synergies and meeting points between different areas and 
it manages possible conflicts of DRM and CCA between policies. In this sense, the 
CSs of Rotterdam (with the new National Strategy on Spatial Planning and the Envi-
ronment (NOVI)) and Nouvelle-Aquitaine (with the Regional Plan for Spatial Plan-
ning and Sustainable Development (STRADDET)) show how DRM can be performed 
in an integrated way and improve its results. In the Dresden region, spatial planning 
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coordinates sectoral policies, integrating plans at the same level into a single instru-
ment, and improves the connection between spatial planning and civil protection. In 
most CSs, spatial planning is an administrative coordination process based on a land use 
perspective and a sectoral approach that includes decisions on DRM and CCA previ-
ously argued.

5.2  To fight threats

There is an urgent need to take into account activities not previously threatened by natu-
ral hazards (and, therefore, that were not at risk). Threats can also worsen if they become 
even more dangerous when combined with other phenomena in the current climate change 
context.

It is necessary to respond to unavoidable residual risk through disaster management 
when an event occurs. In addition, it is necessary to consider its consequences over time. 
The Dresden region is an example of an alert and rescue system; Andalusia copes with 
post-event impacts through a compensation system; and the Po River Basin stands out due 
to the relevance of community action in emergency management.

The public sector should review and update recurrence periods because climate change 
increases recurrence in short-term return periods (e.g., storm floods with a recurrence 
period of 10 years in Rotterdam) and long-term return periods. The public sector has an 
opportunity to include this information in climate change adaptation strategies, planning 
instruments and action plans and programmes.

Productive mono-specialization increases risk and vulnerability in economic terms. On 
the opposite, this approach is suitable for fostering economic and land use diversification. 
Similarly, the gradual relocation of uses in confirmed risk areas is convenient. Many built-
up areas are in risk zones, as in the city of Pori, the Po River Basin or Nouvelle-Aquitaine. 
For these cases, possible solutions could include the gradual relocation of these urban 
areas, the use of insurance to mitigate the effects of natural phenomena or the rehabilitation 
of constructions and infrastructures that are able to withstand the effects of these events. 
The case of the city of Pori, which includes flood areas on developable land for economic 
infrastructure and green or public spaces (as an example of green infrastructure and nature-
based solutions), shows that land uses can also be combined in the event of a natural disas-
ter (if prevention measures are implemented and insurance is contracted).

5.3  To maintain strengths

The public sector can identify vulnerable areas through risk maps. Furthermore, proactive 
preventive spatial planning can use information and scenario formulation. Regarding haz-
ard dynamics (e.g., climate change) and vulnerability (e.g., urban growth or social inequal-
ities), any hazard assessment, including hazard maps, should be based not only on the past 
but also on future dynamics and the most vulnerable areas in some scenarios.

It is important to consider climate change scenarios to mitigate the potential impacts 
of risks associated with natural hazards. In Rotterdam, in addition to the traditional maps, 
other additional maps are produced, including rainfall, heat, droughts, floods, groundwater, 
and land subsidence maps, as well as a map of opportunities, which should be taken into 
account, to define futures (visions) for more precise planning in the future.

Although spatial planning cannot contribute to avoiding damage in already built areas 
at risk, since growth and territorial transformation occur, in most cases, as previously 



 Natural Hazards

1 3

developed by sectoral policies, spatial planning is a powerful tool for including measures to 
correct and prevent risk and anticipate its effects (mapping the current situation and intro-
ducing feasible scenarios and alternatives).

5.4  To exploit opportunities

Spatial planning represents a tool for achieving long-term adaptation to climate change. 
Integrating DRM into spatial planning through risk and hazard mapping improves out-
comes. This fact is already noted in Directive 2007/60/EC of the European Parliament and 
of the Council of 23 October 2007, which raises the need to use cartography (well-defined 
risk maps). Observatories (as in the cases of Rotterdam or Nouvelle-Aquitaine) improve 
spatial planning results due to the production of data and complementary information 
published in scientific reports. Dresden shows that dynamic cartography allows multilevel 
analysis through geographic information systems that bring value to the management of the 
territory, both for the development of contingency plans and for spatial planning decision-
making. In this sense, the CSs emphasize the importance of handling up-to-date data.

Vertical coordination and cooperation are relevant for DRM and CCA. Good exam-
ples include the common geographic information platform in the Po River Basin, the role 
of civil protection in the case study of Andalusia, and the interactive and online tools for 
DRM that improve cooperation between different administrative levels in the case study of 
the Dresden region (e.g., INGE for municipal flood protection or the RAINMAN toolbox). 
The opposite case, in which a top-down vision predominates, is found in the case of the 
Alpine region, where climate change adaptation strategies and action plans are developed 
at the regional level. However, localities rarely implement adaptation measures, leaving 
them without the resources to face natural disasters or adapt to climate change. In addition, 
the CSs show the relevance of cooperation structures between different levels of admin-
istration and between experts based on a balanced set of formal and informal elements. 
The CSs of the Alpine region, Dresden region, and Po River Basin highlight that lasting, 
sustainable and effective cooperation should respond to formal agreements. In addition, 
interpersonal connections based on mutual trust and an open mind to share experiences and 
knowledge improve the results.

The results of DRM improve when there is a clear identification of the persons in charge 
at each level and their responsibilities through binding laws and documents. The cities of 
Pori and Rotterdam reflect the importance of including prevention measures in the law, 
their maintenance periods and the frequency of updated risk maps. The case of the Po 
River Basin is an example of legally linking risk assessment with spatial planning. In this 
case, the planning process integrates risk maps, and their absence invalidates the plan. In 
this sense, the CSs reflect the importance of the local level in implementing good DRM 
since the local level is the level closest to citizens, those who know the problems of the ter-
ritory and those responsible for its coordination. However, the case of the Po River Basin 
highlights the importance of providing support from the regional and national levels to the 
local level in the form of know-how and financial resources. The lack of financial resources 
is one of the reasons authorities at the local level focus on mitigation activities rather than 
prevention. Along these lines, the cases of Rotterdam and Pori point out the insufficiency 
of the resources of local entities to implement DRM strategies and why local taxes are thus 
proposed as a complement.

The strategic component of spatial planning allows us to focus on the medium and 
long term. Authorities should focus their investment on prevention management instead of 
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adaptation and mitigation policies, although such investment is less profitable in the short 
term. Investing in risk prevention is worthwhile as demonstrated in all CSs. All ESPON-
TITAN CSs have suffered a disaster. However, the introduction of preventive and adaptive 
measures reduces economic impacts. Of course, damage arises where preventive actions 
are non-existent. Preventive measures represent an additional cost (prior investment is nec-
essary to identify the appropriate benefits). However, it ends up being more strategic (in 
the end, sometimes even less expensive) to invest in preventive measures than to pay for ex 
post (unforeseen) measures for recovery after a dangerous event.

In this line, the CSs show that the increase in anthropic pressure in urban areas and 
nearby rural areas, derived from the growth of cities and human activity, must be miti-
gated through the implementation of new ways of urban growth and more sustainable and 
cohesive urban development that improves the urban-ecological relationship. The aim is 
to promote land use and urban sprawl in a different form, clever, sustainable and resilient, 
reinforcing proactive interventions and promoting soft interventions, including sustainable 
zoning, to reorganize the territory.

Hard and soft interventions combined improve the results to adapt and protect against 
natural risks. The former are measures based on technical rationality. There are examples 
in almost all the CSs: dikes in Nouvelle-Aquitaine to protect against the sea; the construc-
tion of dikes, canals and dams in the city of Pori; dams and barriers in the case of the 
Czech Republic; and the delta system in the case of Rotterdam or dikes and dams in Dres-
den. Their popularity responds to the accumulated experience using these interventions, 
making them more attractive for decision-makers, politicians and technical teams in the 
public sector and for the companies that benefit from this type of project.

Soft interventions implement nature-based solutions. They use the ecosystem services 
provided by green and blue infrastructures. These are less developed and, therefore, less 
experience with them has been accumulated. However, both types of interventions are 
complementary. Examples in some CSs include nature-based solutions such as soil bar-
riers in the Czech Republic, the protocols on mountain farming and mountain forests and 
the Mountain Forests Working Group, which emphasize the importance of forests in the 
Alpine Region to reduce the impact of natural risks, or blue infrastructures in the case 
of Rotterdam. In this line, the CSs show that the increase in anthropic pressure in urban 
areas and nearby rural areas, derived from the growth of cities and human activity, must 
be mitigated through the implementation of new ways of urbanizing and more sustainable 
and cohesive urban expansion that improve the urban-ecological relationship. The aim is to 
promote sustainable and resilient land use and urban growth, reinforcing the argument that 
proactive and preventive spatial planning promotes soft interventions, such as the reorgani-
zation of territory through alternative forms of zoning.

6  Conclusions

Current threats are modified and increased by climate change. Reactive policies are more 
frequent than proactive policies. Most risk assessments and adaptations to climate change 
are not preventive because they act in areas where the urbanistic process has finished, forc-
ing a significant political and economic effort to re-plan and reallocate uses and develop-
ment. Productive mono-specialization increases risk and vulnerability; thus, there is a need 
to reinforce economic and land use diversification.
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Authorities should focus their investment on prevention management instead of adapta-
tion and mitigation policies, although such investment is less profitable in the short term. 
The data on the consequences of natural disasters in these two opposing methodological 
typologies (proactivity vs. reaction) support the suitability of the first model. It is more 
strategic (in the end, profitable and sometimes even less expensive) to invest in preven-
tion than to pay for (never planned) ex post measures for recovery after a hazard event. 
Although there is information available, it refers mainly to natural events that have already 
happened. In this sense, it is essential to continue supporting, if there is a preventive 
vocation, the development of future scenarios. Directive 2007/60/EC insisted on cartog-
raphy that combines spatial planning and natural risk management as tools for effective 
decision-making.

A top-down hierarchical approach in risk management is predominant. For this reason, 
it is important to identify the persons in charge and detail their powers related to DRM 
through binding laws and documents to improve the results. There is little will to increase 
regulation to boost self-management for risk management improvement, and there is no 
more normative means to develop new governance practices as a path to follow, thus con-
firming the starting hypothesis.

On the other hand, in planning instruments, relationships are more heterarchical, lead-
ing to a lack of harmony between DRM and spatial planning. Better integration between 
spatial planning and risk planning and management could be guaranteed by including the 
risk dimension in the strategic environmental assessment (SEA). In this sense, good gov-
ernment became a precondition for governance.

As stated in the ESPON-TITAN Scientific Report-Annex 4 Policy Instruments, spatial 
planning improves the management of natural risks by contributing to the following:

• Integrating DRM and CCA in land laws.
• Incorporating natural risks as a conditioning criterion in decision-making processes 

from the first stages of spatial planning onwards, not as a simple sectorial cartographic 
complement.

• A broader territorial approach: identifying management options that mitigate risks as a 
whole instead of following only unrelated sectoral policies.

• Improving spatial planning and environmental assessment instruments.
• Hazard zoning as a basis for spatial planning decisions.
• Developing specific sectoral management plans and instruments.
• Taking advantage of the strategic component of planning to go beyond the usual polit-

ical-administrative logics that are not operational in issues related to the environment 
while achieving binding agreements between political parties, with a fair distribution of 
responsibilities and rights to guarantee the viability and effectiveness of the measures in 
terms of risk prevention and management.

Interventions in terms of adaptation and protection are coming from an engineering 
logic, with more weight and legitimacy, offering business opportunities to companies spe-
cializing in this type of territorial intervention. Gradually, nature-based solutions (which 
prove socially and economically profitable and simultaneously provide environmental 
benefits, in addition to helping to create resilience) are being increasingly used (European 
Environment Agency 2021). Such solutions bring more nature and greater diversity to 
cities, landscapes and seascapes through locally adapted, resource-efficient and systemic 
interventions. Proactive and preventive spatial planning promotes these soft interventions.
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The aspects considered necessary and desirable for effective natural risk management 
still follow an empiricist-positivist logic. This logic is very favourable for engineering-
based individual interventions that do not respond to the new forms of territorial-based 
coordination or to the development of soft measures that affect the social component as 
much as the territorial component. However, as a source of legitimacy, spatial planning 
requires a renewed understanding of social knowledge, advocating that spatial planning 
also has the possibility of providing objective readings in an approach that tries to go 
beyond both the naturalistic-deterministic dichotomy and the radical contextualism leading 
to relativism (Gabriel 2021).

Even though technology will continue to play a fundamental role in our current societies 
(as the European New Green Deal reminded us), it does not solve all problems. As the stra-
tegic approach to spatial planning reminds us, an alternative functioning should respond to 
a renewed social and institutional mission to sustain public action.

This paper shows the coexistence of both trends and some innovations in the preventive 
approach that deserve consideration based on a better analysis of the effects and costs that 
the natural risks associated with climate change and global warming are causing. Some of 
these measures must be accompanied by changes in the current development and consump-
tion model, as proposed by the new United Nations 2030 Agenda (UN 2015).

Appendix

See Table 5
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