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Executive Summary 

The methodological framework, which is defined in D1.4 is further elaborated in this document, 

based on the input from several contacts with the stakeholder groups and the pilot case owners 

during the EU-CIRCLE Consolidated workshop in Milan. The methodological framework of the 

project is here adapted to the context of the pilot cases that EU-CIRCLE will use to test and 

validate its R&D results. Furthermore several operational and policy questions, associated to the 

potential use of the project tools to address issues and strengthen the resilience of the critical 

infrastructures against eventual climate change aspects are considered. The main objective of this 

documents is  to highlight how the methodological framework shall integrate the project results 

in order to  contribute or support the resilience and strengthen the protection of CI  against 

climate change impacts.    

The EU-CIRCLE shall provide a number of tools and methods which may improve the adaptive 

response and resilience of critical infrastructures against projected climate change. The purpose 

of this report is to build on the methodological framework defined in D1.4 and the case studies 

of EU-CIRCLE in order to examine a variety of options that may contribute to the protection and 

resilience of infrastructures, elaborate relative approaches for assessing risks and revise 

resilience potential and to determine operational and policy questions that the project could 

address.  

The methodological framework of D1.4 and the context of using it together with the tools that 

EU-CIRCLE, as described in this document and based on the respective case studies, aims to 

deliver will support the related stakeholders to elaborate design, planning and retrofitting 

suggestions and if possible consider revision proposals on existing standards (CEN-CENELEC 

Guide 4 óGuide for the inclusion of environmental aspects in product standardsô and Guide 32 - 

óGuide for addressing climate change adaptation in standardsô, Eurocodes etc.), towards climate-

proof and resilient infrastructures.   
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1 Introduction 

This deliverable report (D1.5) is based on the EU-CIRCLE methodological framework, which is 

defined in D1.4, applied in the context of the study cases that have been determined by the 

project for testing and elaborating the EU-CIRCLE findings and results. Furthermore it includes 

the feedback relative to the project approach and proposed methodology, which was gathered by 

stakeholders, in context of several meetings and in particular linked with the discussions during 

the Consolidated Workshop that was held in Milan the 18
th
 of May 2016.  

During the workshop stakeholders, representing the study cases of the project, provided their 

experience and expertise and evaluated the proposed EU-CIRCLE approach regarding risk 

assessment and resilience strengthening and they have enlighten several aspects that are further 

considered and presented in this deliverable. The consortium had several debates and exchanged 

a number of relevant ideas with representatives of stakeholder groups in a series of meetings, 

which are culminated with the Milan Workshop. These meetings initiated a process of reflection 

on: 

- the EU-CIRCLE conceptual approach 

- the eventual foresight analysis options 

- the risk assessment methodology adopted   

- the aspects of the methodological approach 

- the scenario building context  

- the challenges of assessing the impact to CIs (direct, due to interdependencies and 

cascading effects)  

- the options of resilience strengthening in the envisaged infrastructures 

- the CI and environmental settings of the areas of the study cases   

Thus, past cases of climate hazardous events and their impact to CIs were used to support 

discussion and analysis while information and data needed for preparing the study cases of EU-

CIRCLE were determined. Feedback regarding the familiarization of the CI owners and 

operators with climate-change related hazards and threats in order to include these aspects in the 

formal Business Continuity (BCP) and Operating Security Plans (OSP) of their organizations 

was gathered, discussed and analyzed based on relative questionnaires filled by stakeholders. 

Relative conclusions included in D1.4. 

EU-CIRCLE has developed a concrete methodological framework aiming to define ways that a 

multi-disciplinary and inter-organizational group of relevant stakeholders might cooperate to 

perceive and assess the impact of climate-change potential. The expected result from such 

synergy would be the development of adequate and proper adaptation measures, which can 

ensure operational, societal, environmental and economic resilience against eventual climate 

changes. The envisaged framework has to support numerous business decisions while complying 

to specific policy objectives and considering relevant scientific hypotheses. The methodological 

framework proposed aims to ensure the coordinated collaboration and synergy among the EU-

CIRCLE stakeholders, comprising national or regional authorities, physical security experts and 

critical infrastructure operators as well as researchers from the climate change and the hazard 

modelling  communities in order to plan for strengthening the resilience of infrastructures against 
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climate change impacts. Representative decisions that may detain the aforementioned 

stakeholders group could include the following: 

Å Increase the magnitude of design parameters or safety factors 

Å Perform formal risk assessment and carry out climate change risk management 

Å Review existing practices and consider new design and planning solutions 

Å Develop contingency plans for infrastructure failure 

Å Identify infrastructure that is at risk because of a changing climate and retrofit priority assets 

Å Consider increased deterioration rates in design and maintenance plans 

Å Consider different climate change scenarios or models for design, maintenance or planning 

Å Identify locations that may be vulnerable to climate change impacts and avoid them altogether 

or modify designs accordingly 

The EU-CIRCLE framework suggests a consistent and cooperative process allowing to address 

challenges and support decisions, starting from adequate climate change scenarios, moving to 

relative risk assessment and coming up with resilience metrics that may indicate 

countermeasures and adaptation plans required for improving the protection level of the 

envisaged CIs. This process is depicted in Figure 1.  

 

Figure 1. Cooperative process of implementing the methodological framework of EU-CIRCLE 

EU-CIRCLE project focuses to support national authorities to improve the preparedness of the 

Member states of the European Union to address climate-change related events and  minimize 

the relative extent of economic loss and societal disruption. The EU-CIRCLE results aim to (1) 

contribute to the capability of the authorities and CI managers to predict and detect climate-

change driven events which may have impact to the integrity and performance of infrastructures 

providing essential services and their key assets, (2) establish a relevant context and define 
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procedures and activities that will alert the CI owners and operators to enable mitigating actions 

for addressing climate change impacts (3) organize and coordinate the development of protection 

and adaptation plans, elaborate mitigation measures and protocols, and adopt proper standards 

that are required to reduce risks and ensure outstanding resilience performance of a critical 

infrastructure prior to and during a climate-change driven credible threat, and (4) provide the 

ability to respond to and recover from the eventual consequences of climate change.  

The EU-CIRCLE methodological framework allows all stakeholders to cooperate in context of 

well-defined procedures as shown in the next figure (Fig.2). 

 

 

Figure 2. Detailed framework of the EU-CIRCLE procedures showing the stakeholders involvement (brown:hazard 

modelers, blue:climatologists, green:public stakeholders, yellow:risk modelers, purple: CI operators)  

Among the project stakeholders, the public services and national authorities will be benefit by 

using EU-CIRCLE results to coordinate their efforts to be prepared to address the effects that the 

global change may have on critical infrastructures and relative services. In addition the critical 

infrastructure managers and operators can be supported to perceive timely latent issues and to 

back eventual investments needed to preserve the performance and reputation of their service.  
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2 Deliverable scope and objectives 

The present document is formally considered as the Final version of the deliverable D1.4 (Report 

on Detailed Methodological Framework - initial version). The relation between these two 

deliverables (D1.4 and D1.5) is that D1.4 presents the details of the EU-CIRCLE 

Methodological Framework while the present document focuses on how this methodology could 

be used based on the planned project results and technical output. The D1.5 includes the final 

conclusions concerning the use of the methodological framework by potential end users and 

presents use cases of EU-CIRCLE implementation, based on the DoA description, the particular 

study cases that are  considered in context of the project and the feedback received by the 

stakeholders contacted during the first year of the project and those who participated in the Milan 

workshop of EU-CIRCLE.  

The document integrates information gathered and feedback received from the owners of the 

case studies envisaged by the project and highlights issues that are or may be considered in 

context of the exercises planned for the evaluation of the performed R&D. This could help the 

end users that will be involved in the project study cases to be familiarized with the potential use 

of EU-CIRCLE to support their planning and management tasks  and to help them to be prepared  

to shape-up the methodological framework of EU-CIRCLE and perform efficiently its validation 

during the planned trials and proof of concept events. Therefore the description of the project 

issues in this document are rather seen from the end user point of view. 

The project study cases are briefly summarized in this report and issues related to their 

adaptation to the conceptual and methodological framework of the EU-CIRCLE are presented in 

order to be considered during the implementation of the respective table top exercises and demos 

(trials). However, it has to be clear that this document isnôt a report on the planning and 

preparation of the case studies of the project. It aims only to feed the planning process of the 

respective demos and related exercises with the organizational context that refers to the EU-

CIRCLE methodological framework as well as with examples and  potential options for using 

the Climate Infrastructure Resilience Platform (CIRP) in context of the planned trials from the 

end user viewpoint. In addition, this deliverable provides some policy and management related 

options concerning  the proof of concept of EU-CIRCLE, in frame of the planned exercises.   

It has to be noticed that this report, together with D1.4, can be considered as support documents 

for perceiving and understanding the requirements of end users that will use the EU-CIRCLE 

outcome and the CIRP tools for supporting resilience related decisions. The document provides a 

concrete methodology that the users can follow to define key assets protection priorities, assess 

potential risks, identify and validate resilience options and elaborate eventual adaptation 

measures that may strengthen resilience and improve protection.  

The following chapters of this document provide a variety of aspects linking the EU-CIRCLE 

methodological framework described in D1.4 with the Climate Infrastructure Resilience Platform 

(CIRP) tools through the project study cases mentioned in the DoA. More specifically Chapter 3 

presents the way that the methodological framework can be implemented using the CIRP.  

Chapter 4 briefly introduces the risks and consequences of climate-driven threats and hazards to 

CIs, associated with the specific project study cases. References to past events and risks relevant 

to those considered in the study cases that are considered in the project trials are provided in 

Chapter 5, while challenges to critical infrastructure protection and lessons learned from relevant 

past events are included in Chapter 6. The Chapter 7 provides ideas and suggestions to be 
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considered when using in the future the EU-CIRCLE methodological framework and the CIRP 

tools. The most concrete ideas that can be considered within the context of the project and which 

may allow validating the use of EU-CIRCLE capabilities as well as the appreciation of the 

projectôs methodological and informatics tools, based on their potential use for the envisaged 

case studies, are included in Chapter 8.    
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3 EU-CIRCLE framework and tools implementation 

EU-CIRCLE aim is to provide the stakeholders of CI resilience with a methodological 

framework, which is described in D1.4, for assessing risk and addressing potential impact of 

climate-related threats and hazards to the operation and resilience of National Critical 

Infrastructures. This methodological framework will be supported by the Climate Infrastructure 

Resilience Platform (CIRP) which is developed by EU-CIRCLE. CIRP provides a shared 

modelling environment where multiple scientific disciplines can work together with CI operators 

and relevant National Authorities in order to identify climate and climate-change related 

stressors to CIs, define their relation and influence to isolated or interconnected assets of critical 

infrastructures, understand interdependencies among CI networks, evaluate alternative 

adaptation solutions and present findings in a unified manner.  The platform aims to assess 

potential impacts to CIs due to climate hazards, provide monitoring through resilience indicators 

and support cost-efficient adaptation measures. 

According to D1.4 the steps of the EU-CIRCLE methodological framework include: (a) Scenario 

selection, (b) Scenario elaboration, (c) Data collection, (d) Scenario execution and on the spot 

analysis, (e) Assessment of results and policy suggestions.  

Different methods (Fig.3)  comprising brainstorming [2], scenario building [3,4], general 

morphological analysis [5] and future wheel [6] are comprised in the EU-CIRCLE 

methodological approach for implementing these consecutive methodological steps. 

 

Figure 3. Flow process model of the EU-CIRCLE foresight analysis 

The methodological process of EU-CIRCLE is proposed to be organized following the next 

procedural steps [7]:  

 

1. Define the settings i.e. Area of interest, time period, CI types & network by CI 

community 

2. Identify CC drivers to CI challenges and climate hazard precursors (use EU-CIRCLE 

results) 

3. Compare climate related engineering design standards (e.g. return period) in place with 

relevant EU-CIRCLE CC assessments (by CC and DRM in cooperation) 
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4. Use CC modelling and project climate data to identify risk periods of climate change 

scenarios per CI type by the CC community (based on EU-CIRCLE defined scenarios) 

5. For each risk period use CC modelling and project climate data to Identify risk areas of 

climate change scenarios for all CI types by the CC community (based on EU-CIRCLE 

defined scenarios) 

6. Run disaster management spatial modelling  

7. Identify and define damage/consequence curve per CI element (sector, service and/or 

asset) 

8. Identify and define resilient indicators per CI element (downtime, minimum performance 

level, time to complete recovery, cost of repair ..) 

9. Adapt all information in the EU-CIRCLE risk assessment framework  

10. Run CIRP to define for each use case (incl. settings, CC model, time period and area of 

influence) 

a. Which CI elements are at risk to fail (resilient vs non resilient) as individual 

assets, interconnected units (network or service) or interdependent services 

(cascading effects) 

b. What will be the expected impact (population, cost, environment) 

c. Foresight of required measures to ensure resilience  

11. Simulate and visualize results depicting risk levels, network islanding, resilient/non 

resilient CI elements, adaptation priority areas, engineering standards failure, adaptation 

measures .. 

The implementation of the EU-CIRCLE approach is based on two basic tools. The first is the 

Methodological Framework, which defines the context and the steps for implementing the EU-

CIRCLE process towards the definition of the CI resilience needs, due to climate hazards, 

extreme events and climate-change issues. The second is the Climate Infrastructure Resilience 

Platform (CIRP), which allow the integration of the EU-CIRCLE risk assessment (WP3) and the 

resilience (WP4) framework and which supports the implementation of the Methodological 

Framework in concrete cases allowing the end users to customize and apply it to their specific 

data and requirements. The methodological framework anticipates the cooperation among the 

different stakeholders of EU-CIRCLE including the CI owners/operators, the National 

Authorities in charge of CIP, the climate and climate change community and specialized hazard 

modelers. 

According to the expected EU-CIRCLE outcome the stages of an indicative foresight scenario 

evaluation process using the methodological framework and the CIRP tools is described here 

next: 

i. Authorities would like to consider long-term climate change impact to the essential 

services in a certain region (or at the country level) and for a specific time period in order 

to redefine planning and security policies. 

ii.  CI owners/operators are asked to participate in such a project integrating their data into 

the CIRP. Normally this would have been implemented by the National Authorities as 

regards the description and mapping of the assets and network of the national CIs. Thus 
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the platform would have integrated default values of damage functions and resilience 

indicators for the various assets, which can be edited/modified/updated by the operators 

in order to be adapted to the specific infrastructure. 

iii.  Authorities and CI operators define jointly the extreme weather scenarios and the climate 

hazards that the envisaged project has to consider, based mainly on the region and the 

type of CI. These scenarios will determine the climate data required for the specific 

region and time period.  

iv. Using the support of the EU-CIRCLE climate change modeling  and eventual support of 

Climate-change experts, relevant datasets will be retrieved from external (e.g. CORDEX) 

or EU-CIRCLE (e.g. for the case studies) repositories to be used by CIRP. 

v. There are two basic tasks that National Authorities can perform independently- using 

modelled climate data predictions and concerning Critical infrastructure protection:   

a. Reconsider the way of assessing the ñreturn periodò of specific climate events 

based on climate change model data and estimations (flood 100y return period is a 

representative example). Increase of weather and climate extremes in the future 

shall contribute to the reduction of the óeffectiveô return period event that existing 

infrastructures were built to withstand (Auld, 2008a).Thus a first issue EU-

CIRCLE should consider can be the revision of the actual levels of protection 

related to the engineering standards corresponding to the return period of specific 

climate events. Using the available global and regional climate model datasets the 

NAs can redefine the return period of extremes of specific climate events during 

the planned lifetime of the infrastructure and revise eventually the respective 

values used for engineering its security and safety plans and; 

b. Redefine the spatial distribution of risk levels (zoning) related to specific hazards 

e.g. forest fires or floods, based on regional climate change model datasets. 

Relevant assessment of hazard likelihood (in the wider area and for the specific 

time period), based on such climate data projections can be used to delineate areas 

suited either for planning the deployment of specific CI assets or for assessing the 

risk related to the presence of such assets in areas where the risk level is expected 

to change in the future. 

vi. Hazard modelers are provided with the envisaged environmental and climate scenario 

and are asked to produce relevant layers of potential climate-related damage drivers. 

These layers will be used as input into CIRP for assessing risk and elaborate resilience 

and adaptation options. EU-CIRCLE may also have intrinsic capability allowing the end 

users (National Authorities and CI operators) to access climate change data repositories 

and define related damage layers based on rule-based reasoning. 

vii.  CIRP will be used then to combine the spatial distribution of the CI assets, their attributes 

and damage curves together with the climate-related potential damage layers. The result 

will be to identify and locate, for the specific scenario, which particular assets will be at 

risk and which will be the relative consequences (total failure or relative 

service/performance loss) the climate damage driver will cause. 

viii.  CIRP will allow all stakeholders (NAs, CI operators and Climate hazard consultants) [8] 

to assess the climate consequences to the CI assets and network and to visualize the 
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relative results at the asset level, the interconnected network level and the interdependent 

[9] networks level.    

ix. The operators of different CIs will be thus able, using CIRP capabilities, to identify 

which specific asset and/or network link will be impacted under the specific climate 

scenario and which will be the consequences of such impact to the level of the provided 

essential service. Impact can be related to a number of concrete resilience indicators 

including time to recovery, to restore an agreed level of service etc. 

x. Alternatives to address the aforementioned climate-driven damage potential using the 

respective resilience indicators, supported by CIRP, will be offered to the CI operators. 

This can be achieved by changing damage functions (retrofitting the asset), redesigning 

part of the physical network (e.g. repositioning assets) or managing its functional aspects 

(changing actual interconnections or interdependencies)   

xi. At the end of this cooperative process the National Authorities and the CI operators can 

have a good knowledge depicted in a common picture, based on a documented approach 

on what the risks and the consequences of climate-driven damages may be in the specific 

area and for the envisaged time period. Therefore they can jointly identify the necessary 

countermeasures to be taken and the appropriate policies to be considered to address 

resilience challenges of the service provided. 

A number of policy and operational questions relevant to the potential impact of climate change 

to critical infrastructure and the eventual consequences is provided in Annex I, at the end of this 

report. Similar questions and concerns may be addressed using the EU-CIRCLE tools, including 

the  project methodological framework. 

The methodological approach of EU-CIRCLE should also consider addressing the lack of 

currently available  CI resilience modelling and risk assessment tools (e.g. consequence curves), 

providing relevant editors that may grasp the knowledge of the security experts and the operators 

of the critical infrastructures. This way, missing knowledge required to perform risk analysis can 

be completed by subject-matter expertise and expertôs opinion.    

The next chapters provide information concerning the study cases of EU-CIRCLE and an 

indicative context for implementing the methodological framework and use the CIRP tool as 

presented in D1.4 and fitted to each case study. 
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4 Climate change context of the EU-CIRCLE case studies  

The study cases of EU-CIRCLE are presented in details in D 3.1. In this chapter, based on 

experience from past cases or contribution from the project stakeholders, a number of impacts to 

different infrastructures and related services are mentioned as well as lessons that stakeholders 

have been taught, which can be used in future protection and resilience plans. The document 

aims to investigate options and elements that may be tested and validated in context of the 

project demos and trials that will be performed during the final stage of the project in the pre-

defined study areas.  

Here next a rational concerning the climate-related risks and relative consequences to CIs as well 

as the related context concerning the specific case studies considered in the project is provided:   

- Case study 1: Extreme drought and very large forest fires in South France 

The case study area in southern France covers around 31,000 km², and has a population of five 

million. Inhabitants. Due to the Mediterranean climate and vegetation type the area is fire-prone, 

causing severe impact to local and regional communities. In recent years, there have been several 

fire incidents during which many dwellings lost connection to the electricity grid, road traffic 

was interrupted, transport safety jeopardized etc. Such events occurred in: 

- May 2005 (1 event 500 000 burned area) 

- July 2009 (1 event 200 000 burned area) 

- December 2009 (2 events 100 000 burned area) 

The relative case study of EU-CIRCLE occurs during the summer, when the population highly 

increases due to the presence of tourists, leading to overloaded flux of people on the railway and 

highways network. Moreover, the presence of tourists during this high risk fire season (which 

coincides with the touristic period) in the area, contributes to increased fire ignition probability. 

In order to limit the fire extension, the following measures are considered often: 

- Specific plans against natural hazards, especially clearing of vegetation 

- Operational procedures to limit fire evolution along the railways, highways and electric 

networks (vegetation management) 

- Fire detection and early warning systems 

- Sprinkler systems and water-mist lines  

- Conventions to cut very high voltage lines (up to 60% of 400 kV lines) in order to ensure 

the functioning of critical infrastructures as hospitals, nuclear plants, airport, railway, 

safety services 

- Operational procedures for electricity network to prepare for unbalanced loads in case of 

line-cuts, put in operation the secondary hydroelectric power plants 

The policy objective is to maintain the operability of the infrastructures during the event at an 

adequate level. A focus will be on prevention processes such as clearing along the highway and 

railway network or high voltage lines to limit the propagation potential and the power of the fire 

front. Another important aspect are protocols to restore to operations back to normality in a safe 

way for public and rescue services. The case study will elaborate on the following: 
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- Analysis  of  current  prevention  plans,  interconnections  between  CI,  inter-services 

collaboration, alert systems, legacy tools 

- What are the weak points of the actual organization processes? 

- How can we take into account the climate change impact in prevention plans? 

- Identification and evaluation of measures to increase resilience of CI, avoid activity 

disruption and domino effects. 

A meaningful time horizon for planning is 20 years. Relevant keywords related to resilience 

raised during the Consolidation workshop in Milan were: save lives, save valuables and: return 

to service. 

The climate change related issues to this case study are summarized here next. 

The IPCC reports (2007a [10],b [11] and c [12]) mention that major impact of climate change is 

quite likely to occur ñvia changes in the magnitude and frequency of extreme events, which 

trigger a natural disaster or emergencyò. In these reports is mentioned that the severity of the 

impact of the climate change in the coming years will be associated to the frequency of extreme 

weather events rather than the overall change in the so called average climate. The size of forest 

fires and their frequency is expected to increase in South EU, which fact may lead to very large 

conflagrations or mega-fires with high probability and potential to have significant impact and 

consequences to the national critical infrastructures and their operation. 

- Case study 2: Storm and Sea Surge in the Baltic Sea Port of Gdynia, Poland 

This case study foresees two distinctive scenarios: 

The first scenario refers to Oil Transport in Port . The oil piping transportation system is 

operating at one of the Baltic Terminals that is designated for oil reception from ships, storage 

and sending by carriages and cars of the oil products. It is also designated for receiving from 

carriages and cars, store and load the tankers with oil products such as petrol and oil. On the 

basis of the piping system operation and safety statistical data coming from its operators its 

safety will be modelled, identified and assessed. The examination of the climate-change and 

extreme weather influence on the port oil transportation system safety will be performed within: 

- The area in the neighbourhood of the port oil piping transportation system and 

- The port oil piping lines which have a length of 25 km. 

Under the assumption of the increasing stress of weather influence on the operation conditions in 

the form of maritime storm and/or other severe sea conditions, the piping system safety will be 

examined and the results will be compared with safety under the actual conditions. The piping 

system safety and operations optimization will be performed and practical suggestions and 

procedures improving its safety will be worked out. Within the focus of the examination are the 

following aspects: 

- piping safety structure and its parameters, 

- number of piping and its components safety states, 

- piping components safety states changing and 

- number of piping components leaving the safety state. 
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The second scenario is related to Chemical Spill Due to Extreme Sea Surges: The sea transport 

of dangerous chemicals is pretty safe in normal environmental conditions. However, the 

transported goods may be swept overboard as a result of bad weather and hard sea conditions. 

The released chemicals may be a threat for the crew and the ship while it is also a threat to 

pollute the seawater and the coast area. The Baltic Sea and nearby ecosystems are vulnerable to 

pollution and contamination and therefore to relevant sea accidents the transportation of 

dangerous goods. Nowadays, one major accident happens at the Baltic Sea every year 

approximately. There are more than 50,000 ships entering and leaving the Baltic Sea on a yearly 

basis and about 2,000 vessels are spotted in the Baltic Sea at any given moment. The 

experimental area that will be considered for the trials includes:  

- The area in the neighbourhood of the maritime ferry route. 

- The approximate length of the maritime ferry sea water route, which is equal to 250 km. 

 On the basis of the statistical data coming from reports on chemical accidents at sea, the risk of 

dangerous chemical accidents at sea and their dangerous consequences will be modelled, 

identified and predicted. Under the assumption of the climate stress on the operations in the form 

of maritime storm and/or other hard sea conditions, the risk of chemical spills at sea will be 

examined and the results will be compared with past results. The risk of chemical spills at sea 

and the management of the environmental degradation will be performed and practical 

suggestions and procedures for decreasing the risk of the environment degradation will be 

worked out. Within the focus of this  examination are the following aspects: 

Ferry safety states changing process data parameters includes: 

- ferry technical system safety structure and its parameters identification 

- number of ferry technical system and its components safety states and their definitions 

- numbers of ferry technical system components leaving the safety state 

Consequences of an accident to the critical infrastructure will be considered by implementing the 

following three interacting and interdependent processes: 

- the process of initiating events 

- the process of environment threats and 

- the process of environment degradation 

The time horizon for considering resilience planning is up to 100 years. Relevant key words 

related to resilience that were raised during the consolidation workshop are: strength, elasticity, 

insight (awareness). 

This specific case is rather associated to potential environmental problems of marine pollution 

due to extreme weather events (storm surge) rather than to its relevant impact to critical 

infrastructures.   Issues related to climate change that may be associated to this case study are 

summarized here next. 

The effects of climate change on storm surge are two-fold i.e. a. changing storm frequency and 

severity in a given location and b. sea level rise providing a higher ñlaunch pointò for surge even 

if storm frequency and severity remain constant. 
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Storm surges and falls are defined as short-term, extreme variations in the sea level. Such short 

term variations refer to changes of the sea level recorded within several minutes to a few days. 

They include sea level oscillations intermediate between wind generated waves and seasonal sea 

level changes. The coastal protection services describe a storm surge as a dynamic rise of the sea 

level above the alarm or warning level, induced by the action of wind and atmospheric pressure 

on the sea surface. 

Situations are linked with a lowered atmospheric pressure system (a tropical cyclone or a 

concentric baric low) which overlies a sea water cushion, the so-called baric wave, moving 

together with the pressure system at the sea surface. The waveôs height depends on the pressure 

decrease in the centre of the system. A pressure drop of æp = 1 hPa results in a static sea level 

rise of æHs = 1 cm at the stationary low (Figure 4a, Formula 1). When the low moves over the 

sea surface, the latter becomes dynamically deformed (æHd). The sea level deformation 

associated with the baric wave shows positive wave elevations in the centre and negative 

elevations on the flanks of the deformation (Figure 4b, Formula 2). During the passage of a deep 

low, the sea level rise may be 2ï4 times higher than the rise produced by static conditions. The 

fluid level deformation moves according to the laws of forced long wave propagation. When the 

wave propagation velocity is close to that of a baric system passage, the wave amplitude will 

reach large values under the dynamic parameters of the system. 

 

Figure 4. Diagram of sea surface deformation caused by a low pressure system: static (a) and dynamic (b)  sea 

surface deformation (Source: B.Wisniewski and T.Wolski - 2011) 

Besides, an additional disturbance taking the form of diverging transverse waves is propagated 

perpendicularly to the passage trajectory of the baric system. The waves look like those 

generated by a shipôs movement. The amplitude of these additional disturbances should be 

expected to be lower than that of the basic sea level deformation caused by the baric wave. In 

addition to the major forced wave, i.e. the wave propagating at the speed of the baric system, 

there can be additional free long waves associated with the rapid change in the baric low velocity 

or direction. 

Thus, storm-generated surges and falls of sea level are a net effect of wind action and a baric 

wave resulting from the baric field characteristics. Wind and a baric wave can produce the same 

effect, i.e. both factors cause the sea level on the coast to rise or fall; they can also produce 

opposite effects, when one factor raises the sea level and the other lowers it. The effects of a 

baric wave may be several times greater than those of the wind action. When the storm (baric 
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wave, wind) abates, the sea level ï knocked out of balance ï will undergo free damped 

oscillations until equilibrium is restored (seiche-like variations).  

Owing to the complexity of the phenomenon, any sea level forecast during a storm surge will be 

problematic. An additional difficulty is that sea level changes are greatly affected by local 

conditions on the coast and the seafloor relief in the inshore zone and in a port. Therefore, it is 

necessary that the sea surface deformation factor by the rapidly moving baric low be included in 

future models developed to forecast storm surges and falls. 

Since storm surges are related to the sea level it has to be considered that scientific findings 

summarized by the Intergovernmental Panel on Climate Change (IPCC), Fourth Assessment 

Report (AR4) (Intergovernmental Panel on Climate Change, 2007) indicate that global warming, 

due in large part to human releases of GHGs, will accelerate global mean sea level rise. In 

particular: Projected warming due to the emission of GHGs during the 21st Century will 

contribute to sea level rise for many centuries; Sea level rise due to thermal expansion and the 

melting of ice sheets could continue for centuries or millennia, even if greenhouse gas emissions 

were to be stabilised; Sea level rise was not geographically uniform in the past and will not be in 

the future; and There is a great uncertainty associated with the magnitude of global warming. If 

sustained, it could lead to the elimination of the Greenland Ice Sheet. In recognition of this 

uncertainty, IPCC AR4 sea level rise projections do not account for the accelerated outflow of 

ice sheets. Climate scenarios examined by the IPCC project a global mean temperature increase 

of 1.1°C to 6.4°C by 2100. The corresponding sea level rise, excluding future rapid dynamical 

changes in ice flow, is 18 cm to 59 cm by 2100. Global sea level is projected to rise another 1 to 

4 feet by 2100 (Fig.5). Relative sea level rise will be greater along some coasts because of 

subsidence (e.g., in Torbay area), which will have a significant effect on low-lying transportation 

infrastructure near the coast.  

 

Figure 5. Observed and possible future amounts of global sea level rise from 1800 to 2100, relative to the year 2000 

In the Atlantic, the frequency of the strongest tropical storms (Category 4 and 5 hurricanes) is 

expected to continue increasing. 

At the same time, a slight decrease in the total number of tropical storms is projected by climate 

models; however, these projections are subject to considerable uncertainty. And these projections 

do not specify if the risk for land-falling storms will change. Regardless, rising sea levels will 

enhance the potential damage of future storms.  



 

 

                D1.5 Report On Detailed Methodological Framework -  V2 
 

 

Grand Agreement 653824                                         Public                    Page 19 
 

 

 

 

 

 

Figure 6. Effect of incorporating storm surge in economic impact estimates for Tampa, Florida  

In an award-winning Environmental Research Letters paper [13], Tebaldi et al. projected the 

future effects of sea level rise on storm surges (Fig. 6). By combining future global sea level rise 

with historic tide gauge water levels at 55 sites, the authors found that for about 1/3 of the areas 

considered, todayôs ñonce in a centuryò storm surges may become ñonce in a decadeò storms in 

future. 

- Case study 3: Coastal flooding across Torbay, UK 

Torbay Borough is located in the South West of England and covers an area of approximately 62 

km2. The main settlements within Torbay are Torquay, Paignton and Brixham. The main 

economic driver for Torbay is the tourism industry, which has developed around the coast line. 

The region has suffered flooding over many years, from different sources including surface 

water runoff, highway flooding, sewer flooding, main river and ordinary watercourse flooding 

during intense rainfall events. Coastal areas of Torbay suffer coastal flooding due to overtopping 

of sea defences during high tides that coincide with easterly winds. All sources of flooding in the 

low lying areas of Torbay are exacerbated during high tides and heavy rainfall when capacity of 

outfalls discharging to coastal waters are reduced. 

The climate change related issues to this case study are summarized here next. 

Most of the important cities of large islands or islandic countries are located by the coast. 

Likewise, much of industrial and critical infrastructure is coastal, notably power stations, 

communications and transport hubs. All relevant assets are therefore at risk from coastal floods 

and storm surges and, in the long-term, from rising sea levels and coastal erosion. In these 

situations a flood risk assessment should be carried out formally for each critical infrastructure 

asset. The  assessment should identify its frequency of exposure to a concrete hazard, its 

resilience to exposure and the consequences of its failure. Thus adequate adaptation measures 

can be identified and, by subjecting each to technical, economic, social and environmental 

analysis, prioritise them.   

This is the context of addressing the relative requirements of the third case study of the project, 

related to coastal flooding risk across Torbay in U.K. The consortium shall cooperate with local 

stakeholders to implement the EU-CIRCLE methodological framework and the CIRP tools.  
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- Case study 4: International Event 

The international event exercise has the objective to test the applicability and compliance of the 

EU-CIRCLE methodology and the compatibility of CIRP in countries outside EU and in non- 

European operational context. 

The international study case has two elements. One is the exploratory study phase that is targeted 

at learning of the case study context and the current capacity requirements and capacity 

development gaps in terms of critical infrastructure resilience. The other phase is the 

dissemination phase where learning from the EU context is disseminated at various levels as an 

international dissemination. 

- Case 5: Rapid winter ice melting and floods around Dresden, Germany 

Warmer weather can bring flooding because of rapidly melting snows and ice jams on local 

rivers. Melting snow piled-up along roadways may also cause the water to pool on the highway 

creating a driving hazard. Additionally, colder temperatures at night will create ice on the 

highways.  

As temperatures rise, snow and ice melt and increase the risk of flash flooding. Significant snow 

accumulation and freezing can often make conditions ideal for flooding as temperatures warmï

particularly rapid rises. A deep snowpack increases runoff produced by melting snow. Heavy 

spring rains falling on melting snowpack can produce disastrous flash flooding. Thick layers of 

ice often form on streams and rivers during the winter. Melting snow and/or warm rain running 

into the streams may lift and break this ice, allowing large chunks of ice to jam against bridges or 

other structures. This causes the water to rapidly rise behind the ice jam. If the water is suddenly 

released, serious flash flooding could occur downstream. Huge chunks of ice can be pushed onto 

the shore and through houses and buildings. 

The effect of snowmelt on potential flooding, mainly during the spring, is something that causes 

concern for many people around EU. Besides flooding, rapid snowmelt can trigger landslides 

and debris flows. In alpine regions like Switzerland, snowmelt is a major component of runoff. 

In combination with specific weather conditions, such as excessive rainfall on melting snow for 

example, it may even be a major cause of floods. In Switzerland, snowmelt forecasting is being 

used as a flood-warning tool to predict snowmelt runoff and potential flooding. 



 

 

                D1.5 Report On Detailed Methodological Framework -  V2 
 

 

Grand Agreement 653824                                         Public                    Page 21 
 

 

 

 

5 Reference to past and relevant cases 

5.1 Case study 1: Extreme drought and very large forest fires in South France 

 

France, 30-31
st
 July 2014 

30
th
 July 2014: a forest fire ignites near Narbonne town, South of France, leading to the cutting 

of the main motorway (A9) linking France to Spain during 5 hours. Moreover, the electric 

networks was cut as the high tension line crossed the fire. 6000 homes were without electricity 

during several hours.  

31th July 2014: 60 kilometres far from the fire of the day before, a new fire ignition occurred 

near the same motorway. The traffic was cut in both ways, leading to 8 kilometres of traffic jam. 

Specific road accesses were opened by the motorway operator, but the secondary networks were 

quickly saturated.  

The consequences of those fires did not lead to dramatic problems. Even if people were angry as 

they had to wait during hours on the road, the crisis management occurred in a safe way.  

No specific data were used to establish the link between weather and consequences for 

motorway and electricity network.  

 

France/Spain frontier, 22
nd

 July 2012 

A forest fire ignites near the French-Spanish frontier (Fig. 7), leading to the interruption of the 

highway on both directions during several hours. The railway was stopped too. Four people died, 

thirty were injured. Three people died as they were blocked on the road, surrounded by smoke.  

Cross-border problems occurred during the crisis situation.  

 

Figure 7. French-Spanish border forest fire of 2012 

No specific data were used to establish the link between weather and consequences for 

motorway and railway network. 
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Peloponnesus Mega-fires in Greece, 24-28
th

 August 2007 

A relevant example of very large wildfire in order to investigate the impact of a climate-related 

hazard to critical infrastructure and to the economic and societal resilience is the case of the 

Greek mega-fires of 2007. The 2007 Greek forest fires were a series of massive forest fires that 

broke out in several areas across Greece throughout the summer of 2007. The most destructive 

and lethal infernos broke out on 24 August, expanded rapidly and raged out of control until 27 

August, until they were put out in early September. The fires mainly affected western and 

southern Peloponnese as well as southern Euboea island. The death toll in August alone stood at 

67 people. In total 84 people lost their lives because of the fires, including several fire fighters. 

One of the most critical impacts to essential services during the 2007 firestorm was the 

consequences of the fire to the road transport network of Peloponnese. While fires mostly 

destroyed forests and farmland areas, they significantly influenced traffic circulation due to 

various link closures and affected the operability and functionality of the national and local road 

network.  

Shortly after the fires broke out, gradual closures of parts of the road network that were 

characterized as unsafe were observed. During August 25, the fires rendered 1,054 km of road 

network out of use, with the events and their impacts on the road network gradually declining 

afterward. Closures of specific parts of the network occurred either following police orders, 

based on information about the proximity of the fires to inhabited villages, or due to the fires 

themselves that affected parts of the road network (Kapakis 2007) [14]. Traffic management 

measures were also applied, in order for people to be able to evacuate, while the authorities 

ordered the detouring of trips destined to unsafe locations. The temporal character of all 

measures applied during the 4-day summer period depended on the severity of the event in the 

respective area. The length of the closed roads during the August 2007 fires in Pleoponnese is 

shown in Figure 8. 

 

 

 

 

 

 

 

 

 

 

         Figure 8. Length of closed road network (in kilometers) per hour between 24 and 27/8/2007 in Peloponnese 

The hourly link closures between 24 and 27 August 2007 are shown in Figure 9.  
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Figure 9. Fire activity [15] and hourly link closures [16] for the period between the 24 and 27 of August 2007 

As shown in Table 1, during the late August of the 2007 fire season, 55 people were killed by the 

fires. The health system addressed an increase of the normal patient flow and multi-casualty 

situations between the 24/8 and 31/8/20017. Another 2,094 people were accepted by the 

hospitals of the regional health system due to the fires within less one month (Statheropoulos 

2008) [17]. Between the 24 and 27 of August, the event peaked in terms of severity and seriously 

affected also the capability, sufficiency and performance of the rescue services.  

Table 1. Health impacts in the Peloponnese region during the summer of 2007 (Statheropoulos 2008) 

Date Respiratory 

problems 
Ocular 

problems 
Burnings Cardiopulmonary 

problems 
Number of patients Deaths 

17/08 20 2 3 6 50 0 

18/08 19 4 1 13 45 0 
19/08 17 4 2 16 59 2 
20/08 26 5 1 19 74 0 
21/08 29 3 2 18 70 0 
22/08 18 2 3 25 72 0 
23/08 28 3 3 15 92 0 
24/08 52 9 14 14 115 0 
25/08 149 68 28 8 285 45 
26/08 79 64 15 14 199 1 
27/08 76 21 14 18 159 7 
28/08 50 15 8 18 115 0 
29/08 21 4 6 18 70 1 
30/08 34 4 6 18 81 0 
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31/08 30 5 5 11 80 1 
1/09 17 6 9 14 67 0 
2/09 14 4 0 14 38 0 
3/09 21 1 4 12 63 0 
4/09 18 5 4 11 60 1 
5/09 26 2 5 20 72 1 
6/09 16 3 1 13 50 0 
7/09 10 0 2 13 35 0 
8/09 10 1 2 9 38 1 
9/09 17 0 1 16 45 1 
10/09 18 5 0 14 60 0 

 

Apart from the health sector, the impacts on residences and other infrastructure were also severe. 

Concerning the economic impacts of the fires the estimation for the cost of the damages for the 

500,000 people affected was close to 3 billion euros according to European sources (Davidson 

2007) [18], while other moderate estimations have found it to be close to 2.2 billion US dollars 

(USAID 2007) [19]. The overall operational costs were estimated as 600,000 euros  as 20 % of 

the countryôs olive trees were located within the affected Peloponnese region, with the area 

representing 4.5 % of the nationôs annual GDP (Davidson 2007). In addition to the direct costs of 

the events, the cultural tourism sector was also hit, since the blazes reached the proximity of the 

Ancient Olympia and affected a series of accommodation units. 

5.2 Case study 2: Storm and Sea Surge in the Baltic Sea Port of Gdynia, Poland 

Extreme sea levels ï storm-generated surges and falls ï on the Polish coast are usually the 

effects of three components: the volume of water in the southern Baltic (the initial level 

preceding a given extreme situation), the action of tangential wind stresses in the area (wind 

directions: whether shore- or seaward; wind velocities; and wind action duration), and the sea 

surface deformation produced by deep, mesoscale baric lows moving rapidly over the southern 

and central Baltic that generate the so-called baric wave. 

Storms and the associated surges have been described and analysed in numerous publications; 

the most comprehensive descriptions in the Polish literature are those of Majewski et al. (1983), 

Majewski (1986, 1989, 1997, 1998a,b), Sztobryn et al. (2005, 2009) and WiŜniewski & Wolski 

(2009). The relevant literature emphasizes the contribution of the wind field to sea level 

variations, particularly during storm situations. On the other hand, tidal effects are irrelevant for 

sea level changes in the Baltic (Suurssar et al. 2003, 2006, JasiŒska & Massel 2007). These 

publications and annual records have served as a basis for a summary of historical data [20] on 

extreme sea levels along the Polish coast (Table 2). The table shows that in the case study area of 

EU-CIRCLE (Gdynia) a maximum sea level rise observed (132cm above the zero tide level) in 

November 2004. 
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Table 2. Extreme sea levels (cm) along the Polish coast (tide gauge zero=5ðcm N.N.) 

 

Three relevant past cases are presented here next in order to draw conclusions and extract lessons 

that may be integrated into the EU-CIRCLE conceptual framework. 

5.2.1 The storm of 16ï18 January 1955  

A very active low pressure system which advected over the southern Baltic produced a rapid sea 

level rise. This system passed from the south of England via the North Sea coast to the southern 

Baltic coast, from where it moved on to the Gulf of Finland. The high horizontal pressure 

gradient component in the western part of the system was accompanied by a strong, gusty, north-

westerly wind. The entire Polish coast experienced a rapid sea level rise (maximum of 617 cm, 

i.e. 117 above zero N.N., at świnoujŜcie on the western part of the coast, 635 cm at Koğobrzeg, 

and 615 cm at GdaŒsk on the eastern part of the coast) (Figures 1b, c). The low was moving from 

over the Pomeranian Bay towards the eastern part of the coast with a mean velocity of 50 km 

hī1 and passed over the Polish coast in the space of 6 hours. The low pressure systemôs velocity 

affected not only the magnitude of the sea level rise, but also its intensity. All the gauges showed 

only the positive phase of the sea surface deformation. On 17 January 1955, the wind at 

świnoujŜcie changed direction from S to SW and NW, and could not, by itself, have generated 

the surge.   

5.2.2 The storm of 17ï19 October 1967  

A deep and active low pressure system from over the British Isles was moving at a velocity of 70 

km hī1 over Denmark and southern Sweden, the Baltic Sea and on towards the north-east into 

the White Sea. The storm wind and baric wave generated by the system induced extremely large 

variations in the Baltic sea level. The rapid passage of the low over the Baltic resulted in a 

characteristic sea level fall on the Polish coast on the morning of 18 October. At świnoujŜcie, the 

absolute 1946ï2006 minimum of 366 cm was recorded. The lowôs centre moved that day over 

the ęAland Archipelago. For some hours the southern Baltic, left in the rear of the baric system, 

experienced severe north-westerly and northerly winds. The return to equilibrium proceeded 

through wind-induced seiche-like changes in the sea level. At świnoujŜcie and Koğobrzeg, the 

sea level changes during 8 h had an amplitude of about 2 m.   
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5.2.3 The storm of 13ï14 January 1993  

On 14 January, an active low pressure system, the so-called ójuniorô, passed ï along with 

atmospheric fronts ï from over the North Sea via the Danish Straits into the Baltic. The 

atmospheric low was as deep as 972 hPa. Typical of the sea level changes during that storm was 

the large amplitude of variations in the eastern and western parts of the coast. The sea level rises 

and falls, moved eastwards in parallel with the low centre passage. The storm surge involved a 

sea level deformation by the baric wave with its positive and negative phase. Significant here 

was the high velocity (about 115 km hī1 ) of the lowôs passage, which greatly affected the 

waveôs dynamic component involving a ratio between the passage velocity and the depth of the 

area (VL ḻ ã gHm). An important feature of the storm surge in question was the very rapid rise 

and fall of the sea level, which is of significant practical importance for forecasting the under-

keel clearance when a ship enters or leaves a port. The storm lasted for scarcely 5 hours, but in 

that time caused severe damage on the coast and triggered the Jan Heweliusz ferry disaster at 

sea. 

5.3 Case study 3: Coastal flooding across Torbay, UK 

The area of case study 3 is sited in Torbay borough in UK (Fig.10). Historically flooding events 

have resulted in many residential and commercial properties being flooded throughout Torbay. 

In addition, numerous roads are affected during the flooding incidents and the main coast road 

linking Torquay to Paignton and Brixham has to be closed on a regular basis due to overtopping 

of the sea walls. The most severe flooding event over the last 20 years occurred on the 24th 

October 1999 when over 200 properties were flooded, many roads had to be closed to traffic and 

critical infrastructure was disrupted. As Torbay relies on tourism for its economy, flooding has a 

very significant economic impact. 

 

Figure 10. Area of case study 3 - Torbay borough. 

Another example of damage to critical infrastructure as a result of storms was in 2013 when 

during a severe storm the sea wall at Livermead in Torquay was breached. As a result of this 

breach, the main highway linking Torquay to Paignton had to be closed and the sewage system 
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that transfers all of Torquayós sewage to the sewage treatment works failed. Also, a high pressure 

gas main was damaged however failure of the main was averted by the installation of sheet 

piling to protect the main from further damage. If this had not been successful, all residents and 

businesses within a larger radius would have had to be evacuated.  

 

Other cases in the past 

During spring 2013, severe flooding affected several central European countries such as Austria, 

the Czech Republic and Germany. Transport and supply chains were severely disrupted in many 

areas, sometimes for a long time:  

- The main railway bridge across the River Elbe in Germany, servicing all trains to and 

from Berlin via Hannover, including the important high-speed services BerlinïFrankfurt 

and BerlinïCologne/Dusseldorf, was affected and remained closed until early November 

2013. This led to disturbances in the whole network.  

- In Austria, rail service was heavily impacted on the Brenner crossing, which had to be 

closed for more than a week. This closure led to disruption for long-distance trains from 

Germany to Italy via Austria.  

- Due to high water, several waterways including sections of the Rhine, Neckar, Main and 

Danube and the Rhine-MainïDanube Canal had to be closed for merchant ships, leading 

to disruption in some supply chains.  

 

 

 

 

 

 

 

 

 

 

Figure 11. Damage to the railway at Dawlish in Devon, U.K. (within the UK Case study of EU-CIRCLE) 

The winter of 2013/2014 saw exceptional weather affect the United Kingdom, with a run of 

winter storms culminating in serious coastal damage and widespread, persistent flooding 

(Fig.11). During this period of exceptional weather, the transport system was among the most 

severely affected elements of infrastructure, with flooding and other damage to rail and road 

infrastructure, closures of railway lines and suspension of services for commuters, cancellation of 

flights and ferries, and other consequences. Perhaps the most iconic event was the severe damage 

to a coastal section of the southïwest main line railway at Dawlish, Devon during the storms in 

February 2014. This event saw the railway in the south-west of the United Kingdom cut off from 

the rest of the railway network for two months. In general, it is not yet possible to attribute to 
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climate change the occurrence of particular high-impact weather events, though progress is being 

made in this area (IPCC, 2013). However, it is clear that the projected increase in the frequency 

and intensity of some extreme events increases the need to properly prepare for such situations. 

During the winter floods in February 2014 in the UK, the coastal section of the southïwest main 

line railway was destroyed in Dawlish, Devon, in the south west of England. The railway in the 

south-west of the UK was cut off from the rest of the network for two months. 

A recent storm in UK, labelled a ñweather bombò by some media outlets, led to the suspension of 

many ferry services in Scotland and Northern Ireland as a result of waves over 10 metres high. 

Rises in sea-levels is also an increasing threat to harbours and other transport infrastructure and 

services at the coast. 

Aside from storms and floods, transport networks are likely to face increasing threats from rising 

temperatures. Unusually high temperatures and extended heatwaves can increase the problems of 

rail buckling, pavement deterioration and passenger discomfort. 

Since a railway infrastructure is present in the area of Devon (UK case study area of EU-

CIRCLE) Table 3 [21] shows the relations between climate effects and railway infrastructure. 

Table 3. Relationship between climate effects and railway infrastructure 

 

5.4 Case study 4: International Event 

Bangladesh is highly vulnerable to climate-induced hazards and disasters and its coastal part are 

mostly threatened for the impacts of climate change. In broad terms Cyclone Aila, which hit 

Bangladesh in May 2009 is selected as the case study in context of the EU-CIRCLE project. 

Torrential rains from Aila resulted in 190 fatalities and at least 7,000 injuries across the Khulna 

and Satkhira Districts. Across 11 of the nation's 64 districts, approximately 600,000 thatched 

homes, 8,800 km (5,500 mi) of roads, 1,000 km (620 mi) of embankments, and 123,000 hectares 

(300,000 acres) of land were damaged or destroyed. Approximately 9.3 million people were 

affected by the cyclone, of which 1 million were rendered homeless. One year after the storm, 

200,000 people remained homeless. Total damage amounted to 18.85 billion taka (US$269.28 

million). 
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5.5 Case 5: Rapid winter ice melting floods around Dresden, Germany 

Dresden is the largest city in the Eastern part of Germany, Saxony, near the Czech border. It is 

crossed by the large river Elbe (its width is around 110m in Dresden) which comes from the 

Czech Republic and flows through Magdeburg and Hamburg into the North Sea. The region 

between Dresden and the Czech border, but also in the East and South-Western surroundings of 

Dresden are occupied by hills and mountains high up to ca. 1200 m. In the recent past, a number 

of significant flood events occurred (particularly notable are the floods in 2002 and 2013) in the 

Central Europe, which were caused by intense and long-lasting rains leading to extreme floods. 

The June 2013 floods in Germany damaged the main railway bridge across the River Elbe, used 

by all trains to and from Berlin via Hannover, including high-speed services from Berlin to 

Frankfurt, Cologne and Dusseldorf. 

According to the Floods directive (2007/60/EC), flood hazard and risk maps, which are 

considered as input layer to EU-CIRCLE, refer to three major scenarios as follows: 

¶ Floods with low probability, or extreme event scenarios (e.g. 500 years return period) 

¶ Floods with a medium probability (return periods of 100 years or more)  

¶ Floods with a high probability (e.g. 20 years return period) 

Flood extent, water depth and water flow are parameters expected to be displayed in such maps. 

The maps may help to zoning the exposure of flood-sensitive infrastructure elements and 

therefore identify which existing infrastructure is under risk or which might be at risk if it would 

be built within an area of potential significant flood risk.  An assessment of the infrastructureôs 

risk exposure and vulnerability to climate change impact shall guarantee its long-term 

sustainability. 

 

Figure 12. Map depicting the geographic extent of the 2013 floods in Central Europe 

It has to be underlined that the floods of the years 2002 were related to flash floods while the 

floods of 2013 correspond to plain flood. Critical infrastructure of river cities experience 

important damages during plain floods. Shipping is halted, great part of the road network is out 

of use, while emergency services such as fire stations can be submerged  under water. 
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In the second week of August 2002 unusually intense rain and violent thunderstorms (a situation 

later become known as Cyclone Ilse) caused high waters and floods in many parts of Europe, 

killing dozens, dispossessing thousands, and causing damage of billions of euros in the Czech 

Republic, Upper Austria, Bavaria, Slovakia, Poland, Hungary, Romania and Croatia (Fig.12). 

The cyclone arrived in the mountains of Dresden on the 10
th
 of August 2002. More than 100 

litres per square metre rain at night caused small mountain streams to collapse and water 

reservoirs to be overfilled. The rain recorded between the 12 and 13 of August 2002 (24h) 

equalled a third of the yearly average and the flood profile has a magnitude expected to occur 

roughly once a century. Several rivers in these Central-European regions, including the Vltava, 

Elbe and Danube reached record highs. 

Flash floods are originated high in the mountains where the capacity of the network of small 

streams can transport efficiently the precipitation water only during the normal rain days. In case 

though of heavy rainfall these streams are rapidly overwhelmed, they become quite larger due to 

the water quantity that they receive  and they change their usual course causing damages to 

assets sited along their path. Villages in Northern Bohemia, Thuringia and Saxony were heavily 

damaged by rivers changing their courses or massively overflowing the river banks. Due to the 

quantity of water and the speed of the run-off the rivers change their courses in unexpected ways 

and their water ravaged transport infrastructure and networks in several cities. The Prague Metro 

subway system, suffered significant damages and great part of it was completely flooded 

(Fig.13). Dresden experienced significant damages as soon as the Elbe River reached an all-time 

high of 9.4 meters. The huge amount of water caused destruction all the way between the 

mountain villages at the summit of the Erzgebirge (Ore Mountain) to the cities located in the 

valley of the River Elbe. The usually small River Müglitz caused many villages to be isolated for 

hours and to destroyed to a very large extend most of them. More than 30,000 people were 

evacuated from various neighbourhoods throughout the city and some of the city's cultural 

landmarks were considered to be at risk.  

A more severe problem was presented by the evacuation of Dresdenôs hospitals. Four out of six 

major hospitals in Dresden are located at the close reaches of the River Elbe and were affected 

by the flooding. On the morning of 13th, a complete electric power and communication failure 

cut off the hospital complex Dresden-Friedrichstadt from the city. Within a few hours, the 

evacuation of about 950 patients had to be organised without the help of computers and 

Figure 14. Prague metro stations during the 2002 floods 

Figure 13. Impact of 2002 floods in Budapest roads (left) and Prague metro (right) 








































































