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Summary 
 

 

This deliverable of EWENT project estimates the risks of extreme weather on European transport 

system. The main object of work package 5 in EWENT project was to perform a risk analysis 

based on impact and probability assessments carried out in earlier work packages (WP2-WP3). 

The results of WP 5 can be used as a starting point when deciding on the risk reduction 

measures, strategies and policies in the European Union. This deliverable also serves as a back-

ground material for the synthesis report (named shortly as Risk Panorama), which will summarise 

the findings of risk assessment and previous work packages. 

 

The methodological approach of EWENT is based on the generic risk management standard (IEC 

60300-3-9) and starts with the identification of hazardous extreme weather phenomena, followed 

by an impact assessment and concluded by mitigation and risk control measures. This report 

pools the information from EWENTôs earlier work packages, such as risk identification and estima-

tion, into a órisk panoramaô and provides a holistic picture on the risks of extreme weather in dif-

ferent parts of Europe and EU transport network. 

  

The risk assessment is based on the definition of transport systemsô vulnerability to extreme 

weather events in different countries and on calculations of the most probable causal chains, 

starting from adverse weather phenomena and ending up with events that pose harmful conse-

quences to the transport systems in different climate regions. The latter part, the probabilistic sec-

tion, is the hazard analysis. The vulnerability of a particular mode in a particular country is a func-

tion of exposure (indicated by transport or freight volumes and population density), susceptibility 

(infrastructure quality index, indicating overall resilience) and coping capacity (measured by GDP 

per capita). Hence, we define the extreme weather risk as 

 

Risk = hazard × vulnerability  

= P(negative consequences) × V[f(exposure, susceptibility, coping capacity)] 

 

Based on this analytical approach, risk indicators for each mode and country are presented. Due 

to the techniques used in calculations, the risk indicator is by definition a relative indicator, and 

must not be considered as an absolute measure of risk. It is a very robust ranking system, first 

and foremost. Country-specific vulnerability indicators and hazard indicators following the climato-

logical division are also presented. In general, countries with poor quality infrastructures combined 

with high transport volumes and population densities are naturally at most risk.  
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1. Introduction 

1.1. Scope and Objectives  

The objective of this work package 5 deliverable of EWENT project is to assess the risks of ex-

treme weather on European transport system. This working document D5.1 serves as a back-

ground material for the Risk Panorama, which will summarise the findings of risk assessment and 

previous work packages. D5.1 first and foremost makes a synthesis of work packages 1-3 of 

EWENT project.  

 

The approach is presented in Figure 1, and the following steps are taken: 

1. the concepts of hazard, vulnerability and risk are discussed and defined based on multiple 

literature sources (which represent only a fragment of the whole body of related literature) 

2. hazard, vulnerability and risk are disaggregated to more detailed parameters which can 

be operationalized using empirical data 

3. indicators of hazard and vulnerability are devised; hazard relies on probabilistic approach 

of extreme phenomena occurring in different parts of Europe; vulnerability relies on easy-

to-understand operational parameters obtained from public statistics sources (Eurostat) 

4. the above indicators are calculated for each EU-27 member state 

5. the concept of total risk is introduced and defined, as applied in EWENT 

6. the most relevant risks, based on total risk concept, of extreme weather are identified in 

Europe 

7. the most relevant extreme weather risks with high cost impacts are identified. 

 

 

Figure 1. The approach to assess the risk to transport due to extreme weather events in 

EWENT project 
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The work relies heavily on previous work packagesô achievements and the end result is dictated 

largely by the success of these. The end result, however, is unique to our knowledge: for the first 

time ever the European extreme weather risks have been analysed in a systemic manner starting 

from weather phenomena until to final risk assessment taking into account the relevant conse-

quences and costs. The results obtained from total risk assessment will be serving as input to risk 

management options analysis to be carried out in WP6 of EWENT. 

 

We hope that the results will be utilised widely and the methods and approaches applied in 

EWENT will be improved and taken further in other research efforts. 
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2. Vulnerability and risk  

2.1. Background and methods 

The concept of risk has been defined as ñeffect of uncertainty on objectivesò (ISO 31000:2009, 

Purdy, 2010). This conceptualization highlights that there is not a question of that ñsomething 

happensò but rather that some objects are impacted, positively or negatively. And this means that 

we have to analyse the likelihoods and consequences of the impacts, not the initial events (Leitch, 

2010).  

 

Most often risk is defined as a chance that an undesirable event will occur and the consequences 

of its possible outcomes (Lough et al., 2005; Habegger 2008). However, in some cases risk has 

been defined equal to consequences: In this case one defines for example FAR (fatal accident 

rates) values as the expected number of fatalities per 100 million exposed hours. Risk analysis is 

used to verify that the risk acceptance criteria are met, and deciding on the need for risk-reducing 

measures (Gibson, 1977; Abrahamsen and Aven, 2008).  In other cases risk has been defined to 

be equal to probability (Head, 1967; Denenburg et al., 1974). This definition is common for exam-

ple in insurance and nuclear industry where the main focus of risk management is to diminish the 

probability of failures.  

 

Mathematically risk R is most often defined as a function of probability P and consequences C 

 

ὙὭίὯ Ὑ Ὢὖȟὅ [1] 

 

However, as said before risk can also be understood as the probability of a harmful event, espe-

cially when this event has been specified beforehand. 

 

Ὑ Ὢὖ    ς 

 

It has been highlighted that there is no single inclusive definition to the term vulnerability due to its 

varying use in different policy contexts (Füssel, 2007). Very often vulnerability refers to specific 

vulnerable situations which can cause harm to the existing systems, as critical infrastructures.  

 

The concepts of risk and vulnerability have been connected to each other in several ways. In 

some cases they are understood to almost equal. For example Cutter (1993) defined vulnerability 

as ñthe likelihood that an individual or group will be exposed to and adversely affected by a haz-

ard.ò  

 

Moreover, one mathematical expression of risk is 

 

Ὑ Ὢ  Ὄȟὠ   σ 

  

where H is hazard and V vulnerability (De León, 2006). This is justified by explanation that haz-

ards are defined as potentially damaging phenomena only when a vulnerable object is exposed to 

the hazard and the potential for loss occurs (Walker et al., 2011).  
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Alexander (2000) has defined this connection in context of natural disasters by stating the total 

risk, TR. In the equation the elements at risk might be population, built environment, economic 

activities etc.  

 

ὝὙ ВὉὰὩάὩὲὸί ὥὸ ὶὭίὯὌὥᾀὥὶὨ ὠόὰὲὩὶὥὦὭὰὭὸώ  [4] 

 

Walker et al. (2011) have concluded almost the same result by stating that risk can be expressed 

by notation ñRisk =Hazards  Vulnerabilityò.  

 

Villagrán (2001) states that risk is a function of hazard, vulnerability and deficiencies in prepared-

ness 

ὙὭίὯὌὥᾀὥὶὨ  ὠόὰὲὩὶὥὦὭὰὭὸώ  ὈὩὪὭὧὭὩὲὧὭὩί Ὥὲ ὖὶὩὴὩὶὩὨὲὩίί  υ 

 

Dilley et al. (2005) defined that 

 

ὙὭίὯὌὥᾀὥὶὨ  ὉὼὴέίόὶὩ  ὠόὰὲὩὶὥὦὭὰὭὸώ  φ 

 

Disaster Reduction Institute (DRI) has formulated Vulnerability as a function of exposure, suscep-

tibility and coping capacity (White et al., 2005).  

 

6ÕÌÎÅÒÁÂÉÌÉÔÙ
ὉὼὴέίόὶὩ  ὛόίὧὩὴὸὭὦὭὰὭὸώ

ὅέὴὭὲὫ ὅὥὴὥὧὭὸώ
     χ 

 

The Centre for European Policy Studies states that assessing critical infrastructure vulnerability 

means ña systematic examination of the characteristics of an installation, system, asset, applica-

tion, or its dependencies to identify vulnerabilitiesò (CEPS 2010).  

 

Cutter et al. (2003) utilize a ñhazards-of-placeò model of vulnerability to explore social vulnerability 

in the context of natural hazards, where levels of risk and levels of mitigation are combined to 

produce hazard potential. This hazard potential is then filtered by geographic and social variables 

to produce social vulnerability.  Social vulnerability and hazard potential, thusly, to produce overall 

vulnerability of place. Cutter et al. have created a social vulnerability Indicator (SoVI). The SoVI is 

comprised of a multitude of indicators expressed by data from the US Census. The SoVI results 

were mapped, by county, to create a patchwork of comparative vulnerability across the U.S. As a 

result most U.S. counties were found to have moderate social vulnerability; areas of high social 

vulnerability were most frequently in the southern part of the U.S. 

 

Füssel (2007) has highlighted that there are different characteristics of vulnerability depending on 

whether there is a question of climate change or natural hazards (Table 1).  
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Table 1. Characteristics of vulnerability assessments (Füssel, 2007) 

 Natural hazards Climate change 

Hazard characteristics   

- Temporal Discrete events Discrete and continuous events 

- Dynamics Stationary Non-stationary 

- Spatial scope Regional Global but heterogeneous 

- Uncertainty Low to medium Medium to very high 

- Attribution Natural variability Natural and anthropogenic 

Systems of concern Social systems and build 

infrastructures 

All systems 

System view Static Dynamic and adaptive 

Targets for risk reduction Exposure to hazards and 

internal vulnerability 

Magnitude of hazards and internal 

vulnerability 

Analytical function Normative Positive and normative 

 

De León (2006) has noticed that there are three different discourses regarding vulnerability: 

1. Vulnerability refers to a particular condition or state of a system before an event triggers a 

disaster. 

2. Vulnerability means a direct consequence of the exposure to a hazard. 

3. Vulnerability equals to the probability or possibility of an outcome of the system when ex-

posed to a hazard which is linked to fatalities and economic and social losses.  

 

In the EWENT project we use the third discourse to produce a comprehensive picture on the fra-

gility of the European transport network exposed to extreme weather phenomena.  

2.2. Vulnerability of transport networks 

There are several vulnerability and transport related studies each having their own approaches. 

Taylor and DôEste (2007) proposed a methodology for obtaining the vulnerability of each compo-

nent of the network on the national level. They defined the main questions to be: 

1. How do interruptions of different critical links affect system performance, and to what ex-

tent? 

2. How is network performance affected by general capacity reductions and possible chang-

es to traffic management and road space allocation in a sub-region of the network? 

3. How is the system affected by variations in travel demand? 

 

From this starting point they developed a methodology for study of vulnerability in transport net-

works and infrastructure. Vulnerability is defined as follows (Taylor and D´Este, 2007): 

1. A network node is vulnerable if loss (or considerable degradation) of a small number of 

links significantly diminishes the accessibility of the node, as measured by a standard In-

dicator of accessibility  

2. A network link is critical if loss (or considerable degradation) of the link significantly dimin-

ishes the accessibility of the network or of particular nodes, as measured by a standard 

Indicator of accessibility. 

 

Sohn et al. (2003) produced analyses of the economic impact of an earthquake on transport net-

work. They assessed two aspects of cost: final demand loss and transport cost increase. They 
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found out that the links with greater physical disruption are not always the ones exhibiting the 

greater economic damage (Sohn et al., 2003).  

 

Schulz (2007) studied German road networks to find out the most critical ones. There were two 

different approaches. The first one used information only on traffic load while the other one used 

more complicated transport modelling. It was noticed that the identified critical roads were not 

equal with these two methods. The first approach highlighted mainly autobahns as critical roads 

while the more complicated approach considered also some sections of federal roads to be 

critical.  

 

Nicholls et al. (2008) studied the port cities and their vulnerability to climate extremes. The meth-

odology adopted was based on determining the numbers of people who would be exposed to ex-

treme water levels which could then be related to the potential economic assets exposed within 

the city. The relative exposure to wind damage was calculated by weighting the present-day wind 

damage hazard, for tropical and extra-tropical cyclones, by the total city population. In this study 

the linkage between exposure and the risk of impact depends upon flood protection measures. 

Cities in richer countries have better protection levels than those in the developed world, and they 

also have access to greater resources for disaster recovery although the asset losses may be 

much higher. 

 

Riccardo et al. (2011) assessed the criticality of transport networks in the Weather-project. The 

authors made a definition and differentiation between vulnerability and criticality for transport net-

work. Vulnerability of a network element is defined as its physical sensitivity to extreme events 

and it indicates which parts of a network are the most sensitive. Criticality of a network element, 

on the other hand, is a term associated to the entire network performance indicating the relative 

importance of the independent network components (road sections (links) and intersections 

(nodes) to the entire network efficiency. Criticality indicates which parts of a network are the most 

important/critical for the regular function of the network. The methodological approach has been to 

indicate the most important/critical components of a transport system, which is represented by a 

set of links and nodes. The aim is to define which of the respective links and nodes possess the 

most critical role in the performance of the overall transport system. The criticality of the different 

transport networks and the criticality of the components of the same transport network are being 

assessed. 
  



  

Grant No. 233919 

15/93 

 

3. Risk indication and ranking system in EWENT 
As the focus of the EWENT project has been on the risk of extreme weather events on transport 

network we use the terminology of disaster management. The United Nations International Strat-

egy for Disaster Reduction (UNISDR) has published the terminology on Disaster Risk Reduction 

(UNISDR 2009) which employs the next definitions seen in Table 2.  

 

Table 2. The definitions used in EWENT risk analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Definition of Risk Indicators 

 

3.1. Hazard indicator 

Relevant adverse and extreme weather phenomena were analysed by taking into account the 

ranking and threshold values defined from the viewpoint of different transport modes. The estima-

tion of recent and past adverse weather events is based the observed data available from the me-

teorological services; from the E-OBS dataset from the EU-FP6 project ENSEMBLES
1
 and the 

ERA-Interim
2
  re-analysis dataset. To define the extreme weather a range of statistical methods 

were used.  The features which specify the extreme weather are for example probability, changes 

in spatial extension, intensity and temporal duration. More information about the assessment of 

                                                      
1
 http://ensembles-eu.metoffice.com  

2
 http://www.ecmwf.int/research/era/do/get/era-interim 

Coping capacity:  

The ability of people, organizations and systems, to use available skills and resources in order to face and manage ad-

verse conditions, emergencies or disasters. 

Exposure: 

People, property, systems, or other elements present in hazard zones that are thereby subject to potential losses 

Hazard:  

A dangerous phenomenon, substance, human activity or condition that may cause loss of life, injury or other health im-

pacts, property damage, loss of livelihoods and services, social and economic disruption, or environmental damage.  

Natural hazard: 

Natural process or phenomenon that may cause loss of life, injury or other health impacts, property damage, loss of liveli-

hoods and services, social and economic disruption, or environmental damage.  

Preparedness 

The knowledge and capacities developed by governments, professional response and recovery organizations, communi-

ties and individuals to effectively anticipate, respond to, and recover from, the impacts of likely, imminent or current haz-

ard events or conditions.  

Risk: 

The combination of the probability of an event and its negative consequences 

Vulnerability:  

The characteristics and circumstances of community, system or asset that make it susceptible to the damaging effects of 

a hazard.  

 

Terms are taken from the terminology on Disaster Risk Reduction (UNISDR 2009) 

 

In addition of these we decided to use next definition for susceptibility.  

Susceptibility:  

State or character of being capable of receiving, admitting, undergoing, or being affected by some harmful effect.  
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extreme weather is given in project deliverable D2.1 Probabilities of adverse weather affecting 

transport in Europe: climatology and scenarios up to the 2050s (Vajda et al. 2011). 

 

The weather phenomenon and its consequences are considered as the chain leading to a hazard. 

 

Ὑ Ὢ Ὄȟὠ  [8] 

 

We defined hazard to be the probability of the outcome of the chain of events from weather phe-

nomena to final consequences to society, including health (accidents), property (material) and 

delay consequences. Between a phenomenon and a consequence of the phenomenon there ex-

ists a direct causal connection, often physical in its nature such as falling trees or striking light-

ning. The actual consequence of the phenomenon takes place when the impacts affect the 

transport system performance indicators such as safety and timeliness.  A phenomenon will occur 

with a certain probability, subjective or based on the historical data, in a geographical area.  

Moreover all the connections in a causal model have probabilities associated. For example storm 

wind cause trees falling on roads and rails with some probability as well as cold and snow cause 

frozen switches which in turn increase maintenance costs with a certain probability.  

 

We assumed that between a phenomenon and a consequence multiple paths may exists that 

have different probabilities.  With sufficiently large causal maps, it is a taunting task to generate 

and analyse different paths to a particular consequence node. In this work we develop a method 

for filtering the most relevant set of paths; we seek a maximum probability path from each conse-

quence node to a phenomenon. We approach the problem with a dynamic programming approach 

that utilizes the Bellmanôs principle of optimality. This calculation is explained more detailed in ap-

pendix 1.  

 

We used the outcome of these calculations to describe the natural hazard of different extreme 

weather events in each climatological area and directed to various transport modes. According to 

the hazard indicator HI would be 

 

Ὄ Ὢ ὖȠὖȠὖ  

 

where Pp is the probability of the phenomenon, Pi is the probability of the impacts and Pc is the 

probability of final consequences. The final consequences stand for the endpoint of the concate-

nation of events starting from extreme weather phenomenon and ending to societal effects. These 

final consequences include 1) time delays, 2) infrastructure damages or maintenance cost in-

crease and 3) accidents as shown in figure 2. We use these three main categories for the remain-

ing part of the analysis. 
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Figure 2. An example of the steps of the calculation of probability starting from extreme weather; 

phenomenon (in the right side of the figure) and ending to societal effects; probabilities with blue fill indicate 

delays, green fills indicate infrastructure maintenance costs and red fills accidents 

 

The hazard indicators vary between values 0.01 to 0.99 depending on how strong the relation-

ships are in the causal chains from weather phenomena to final consequences. The probability 

values were derived using several methods: 

 

- values obtained from the literature, either using statistical empirical materials or case 

studies 

- expert assessments, experts representing different modes 

- the combination of both. 

 

The last mentioned was in reality the most common method, and the balance between empirical 

relationships and expert estimates varied. In general, the weather phenomena probabilities were 

relatively well obtained, including the prior research steps of EWENT. The longer then the causal 

chain from phenomena to final consequence, the more uncertain became the assessments, as 

was expected. In expert estimates we used as a starting point probabilities 0.33 (impacts are pos-

sible), 0.66 (impacts are likely), and 0.99 (impacts are virtually certain). 

 

The reliability of hazard indicators depends on the reliability of probability assessment in the 

causal chains. The risk assessments do not have to be precise, but they need to be in the right 

order for the analysis to be reliable.  

 

An example of hazard indicators is given in the table 3 below. Hazard indicators have been calcu-

lated only for climate regions. Hence, the hazard indicators stay constant within climate regions. 

From figure 2 above we see that accident hazard (red) in the Mediterranean is 0.01170 if the 

weather of below 0°C results is slippery roads. The infrastructure hazard (green), either in form of 

damage or increased maintenance is 0.01182 + 0.03881 = 0.05063. This is resulted by two phe-

nomena: the heat waves deforming the pavements and slippery conditions in cold weather (which 

are extreme in the Mediterranean) resulting in infrastructure or property damages (we neglect ma-

terial damages to vehicles as they are covered mostly insurers and vehicle owners). The time de-

lay resulting hazards (blue) mount to 0.06049 = 0.03881 + 0.01772 + 0.00396. The phenomena 

behind these hazards are heat waves (deformation of pavements causing time delays for road 

users), wind gusts throwing trees on roads causing time delays, and heavy precipitation causing 

infrastructure failure and hence resulting in time delays. It is to be noticed that the last mentioned 

also causes infrastructure damages, but in the maximum probability chain analysis these causal 

effects did not play a role as significant as the time delay consequences. 

Mediterranean

0,00396

 Roads and traffic areas 

under water, traffic stops

 Flooding, soil erosion, 

landslides, mudslides, rock 

falls  Heavy precipit / 30 mm/d  

0,01772

 delays, undesirable 

effects on traffic 

interoperability

 Closed 

roads/bridges/traffic 

areas, traffic stops  Falling trees  Wind gusts / 17 m/s  

0,01182

 damages for vehicles and 

property  Slippery road  Freezing, frost  Cold / 0 C  

0,0117 Injuries and casualties

 traffic accidents, indirect 

impacts  Slippery road  Freezing, frost  Cold / 0 C

0,03881

 Increased maintenance 

and repair costs

 destruction of road infra 

(incl. Bridges)  Deformation of pavement

 Heat, direct sunlight 

exposure  Heat waves / 25 C

0,03881 Delays

 destruction of road infra 

(incl. Bridges)  Deformation of pavement

 Heat, direct sunlight 

exposure  Heat waves / 25 C
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Table 3. Hazard indicators for road transport in different climate regions; values from Mediterranean 

climate region are highlighted as examples 

Transport mode Climate region Accidents Maintenance Delays 

Road North European 0.10527 0.10527 0.08772 

 Oceanic 0.02339 0.02339 0.04964 

 Temperate Central 0.03509 0.03509 0.03210 

 Temperate Eastern 0.05848 0.05848 0.04874 

 Mediterranean 0.01170 0.05063 0.05049 

 Mountainous 0.08188 0.08188 0.04094 

 

3.2. Vulnerability indicator 

Vulnerability is defined as a function of exposure E, susceptibility S, and coping capacity,CC,  

 

ὠ Ὢ 
ὩὼὴέίόὶὩ  ίόίὧὩὴὸὭὰὭὸώ

ὧέὴὭὲὫ ὧὥὴὥὧὭὸώ
Ὁ ὛȾὅὅ 

 

In Figure 3 there is a clarification of the relations between risk and vulnerability used in the 

EWENT project. Risk is defined to be a function of final consequences and their probabilities. 

These consequences are specified to be hazards. 

  

 

Figure 3. The relation between risk and vulnerability 

 

The vulnerability of the system consists of exposure, susceptibility and coping capacity (Figure 3). 

When calculating the Vulnerability Indicator we used the following statistics and datasets:  

 

¶ Exposure E   

Vulnerable system

Risk

Risk is a function of a hazardous event 

( final Concequences from the concatenation

of events starting from extreme weather 

phenomenon via its impacts to final

consequences) and its Probability. 

One risk has several consequences which

threat European transportation systems. 

Transportation system is vulnerable system.

Vulnerability is the stage of the protection

of this system and it depends on Exposure, 

Susceptibility and Coping Capacity

Haavoittuva

kohde

Preparedness

Preparedness

PreparednessPreparedness

Riski

Consequence
Consequence

Consequence

ConsequenceConsequence

Consequence

Consequence

Consequence = Hazard
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- Traffic performance (Eurostat, 2012). The more there is traffic in terms of perfor-

mance, the more there are exposed transport system users in terms of volume and 

geographical coverage, and the more likely there is less infrastructure capacity to 

ñabsorbò the impacts and consequences and the more likely there are parts of the 

system that are exposed. (see appendix 2). The performance describes the geo-

graphical exposure (long distances, vast network) whereas the population density 

counterbalances the urbanisation effect (more people are exposed). 

- Population density (Eurostat 2012). The more population is located on a certain area, 

the more inhabitants are exposed; furthermore, population density directly refers to 

urbanization, and the urban areas are more likely to be exposed to negative impacts 

in terms of population numbers and number of modes exposed. (see appendix 5) 

 

¶ Susceptibility S (appendix 3): 

- Infrastructure Quality Indicator. The Indicator measures executivesô perceptions of 

general infrastructure in their respective countries. Executives grade, on a scale from 

1 to 7, whether general infrastructure in their country is poorly developed (1) or 

among the best in the world (7). This Indicator is calculated for The Global Competi-

tiveness Report 2011 ï 2012 (Schwab, 2012) 

 

¶ Coping capacity CC: (appendix 4) 

- Purchasing power parity adjusted per capita GDP measured in current U.S. dollars for 

differences in purchasing power parity (PPP), is applied as a robust indicator of eco-

nomic capability of the country to face and overcome negative consequences of ex-

treme weather. In short, it describes the economic resilience.  This data is obtained 

from IMF World Economic Outlook (USAID, 2012). We use the inverse number of 

coping capacity (i.e. as a multiplier, not as a divisor).  

-  

Each of the indicators was classified in quartiles within the EU-27. The best quartile was given 

values 0.25, the second 0.5, the third 0.75 and the poorest quartile 1.0. This way the larger the 

given indicator value, the more vulnerable the country. We used discreet quartile steps in order to 

overcome some theoretical difficulties of scaling, for the first, and for the second we assessed that 

such robust indicators should be treated and classified in an equally robust manner. Table 4 gives 

an interpretation of the vulnerability scaling.  

 

Table 4. Discrete ranking of the vulnerabilities in EWENT 

 Description of ranking 

Highest quartile = 1.00 high vulnerability 

Upper-mid quartile = 0.75 moderately high vulnerability 

Lower-mid quartile = 0.50 moderately how vulnerability 

Lowest quartile = 0.25 low vulnerability 

 

For example, Finlandôs vulnerability with regard to road system and passenger transport was built 

on its exposure, susceptibility and coping capacity as follows: 

 

E = traffic performance (mill. passenger-km × population density (persons / km
2
) = 0.50×0.25 = 

0.125 
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Finland has somewhat long distances and hence a vast stretching road network which in 

terms of pure geographical exposure is making it somewhat vulnerable. However, the 

population density is very low and fewer people are exposed to harmful weather. The for-

mer parameter belongs to the ñsecond bestò quartile in EU-27 and the latter to the ñbestò 

quartile. 

 

S = infrastructure quality indicator of 5.8 (on the scale of 1 to 7, inversely ranked) = 0.25 

 

Finland has a relatively good road infrastructure positioning it to the best quartile regard-

ing road infrastructures in EU-27. 

 

CC = GDP per capita (PPP) = 0.5 (inversely ranked) 

 

Finland has a relatively high GDP per capita which entitles the second best quartile within 

EU-27. 

 

The vulnerability indicator for Finlandôs road passenger system is then 

 

Vr,p = 0.125 Ĭ 0.25 Ĭ 0.5 å  0.0156 

 

For Bulgaria, for instance, the corresponding indicator gives a value of Vr,p = 0.0469, that is 

a clearly higher vulnerability indicator value. And the higher the indicator values are, the 

more vulnerability is expected for each country. 

 

The vulnerabilities were derived for all modes, divided into passenger and freight, except 

for inland waterways, which was assumed to be carrying only freight. 

3.3. Risk indicator 

Finally, we define the risk is a product of natural hazard and vulnerability: 

 

Ὑ ὪὌȟὠ Ὄ ὠ Ὄ Ὁ Ὓ ρȾὅὅ 

 

which means operationally that risk is the product of selected maximum probabilities of conse-

quences and ranking numbers of vulnerabilities. The hazards - leading to time delays, accidents 

or infrastructure damages or increased maintenance needs - follow the climate zone division, 

where several countries belong to one climate region, whereas the vulnerabilities are calculated 

for each type of traffic (freight, passenger) in each mode and in each country.  

 

For example, the hazard indicator for Finlandôs road accidents is Hr,a = 0.10527, coming out of the 

probabilities of heavy snow, leading to an increased accident risk, and which is shared between 

all countries in North European climate region (see table 3). The vulnerability indicator for the road 

passenger system was Vr,p = 0.0156, as calculated previously. 

 

Then the risk indicator for road accident risks for passengers would be 

 

Ὑὶȟὴȟὥ Ὄὶȟὥ ὠὶȟὴ πȢρπυςχπȢππρυφπȢππρφτ 

 



  

Grant No. 233919 

21/93 

 

which indicates still a very low value (see figure 4). The hazard is relatively high, but the vulnera-

bility of the sub-system is very low. The figure below illustrates the example. The risk indicator is a 

relative indicator, meaning that it should be viewed and treated as a ranking system. It is NOT an 

absolute measure of risk. 

 

 

Figure 4. Example of risk indicator for road passenger accidents due to extreme weather 

3.4. Discussion on the method 

The calculation method we used in the EWENT project to describe the overall risk of extreme 

weather events to different transport modes gives an overall picture of the risk situation in Europe. 

This is why we call it the risk panorama. These risk indicators can be used to compare situation in 

different countries both inside the climatic regions and within EU-27. It furthermore identifies the 

most vulnerable traffic modes in different parts of Europe. However, the results ï the hazard, vul-

nerability and risk indicators ï must be considered as a ñranking systemò and definitely not as ex-

act measures of risk.  Below follows some discussion points on the method. 

 

Firstly: all variables we used were divided into quartiles, so that four major groups were formed, 

and a single figure describes the whole group. This process makes some differences between 

countries to vanish, and on the other hand created larger differences between countries that lay 

close to each other but were divided to different groups. 

 

Secondly: some variables are closely correlated with each other. In statistical sense, e.g. in re-

gression analysis this could create a theoretical problem. Luckily the risk indicator calculus is not a 

statistical analysis nor an explanatory model, but rather a descriptive index.  Below is one exam-

ple of such obvious internal correlation between GDP and infrastructure quality index. The full cor-

relation matrix between variables is shown in Table 5.  
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Figure 5. Correlation between GDP (PPP) and infrastructure quality indicator 

 

In the correlation matrix, the correlation coefficient r represents the linear relationship between two 

variables. It has range -1< r <1, which value of 1 means perfect positive correlation, 0 means a 

lack of correlation and -1 means perfect negative correlation. As it approaches zero there is less 

of a relationship (closer to uncorrelated). The closer the coefficient is to either ī1 or 1, the strong-

er the correlation between the variables. If the correlation coefficient is squared, then the resulting 

value (r
2
, the coefficient of determination) will represent the proportion of common variation in the 

two variables.  

 

As shown in Table 5, the internal correlations between variables do exist, though they are not very 

strong. As mentioned before, there is correlation between GDP per capita and quality of infra-

structure (r = 0.552) that might probably increase the differences between low income countries 

and high income countries. There is also correlation between population density and transport 

density (value of r varies from 0.020 to 0.621 depending on mode of transport), which might pos-

sibly increase the difference between dense populated countries and sparsely inhabited countries. 

Likewise there are correlations between GDP per capita ï population density (r = 0.336) and GDP 

per capita ï transport density (r varies from -0.058 to 0.533). Again, however these correlations 

are not very strong.  

 

There are also several relatively high correlations spotted between some variables (around 0.9). 

However, those high correlations are mostly between different transport modesô transport vol-

umes. However, this is not a problem since we are concerned with the interdependencies be-

tween four variables that we used for calculating a vulnerability indicator (i.e. GDP per capita, 

population density, quality of infrastructure, and one type of transport density ï the first three col-

umns in Table 5). In general, the interdependencies among our concerned variables do exist 

though relatively weak, with correlation coefficient ranges from 0.020 to 0.667. 

 

 

 

 

 

 

 

Table 5. Correlation matrix (correlation coefficient r) between variables; statistically significance correla-

tions are marked with stars (*) 
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The statistical significance of the correlations was also checked, using the limit values. The limit 

values for the correlations between variables were calculated by using Pearson tables (e.g. in 

http://www.gifted.uconn.edu/siegle/research/Correlation/corrchrt.htm). In these calculations we 

used 27 pairs of data (EU-27), and had the degree of freedom of 25 (n-2). So, for significance lev-

el of 0.05, the limit value is 0.381. It means that those correlations which have coefficient values Ó 

0.381 are statistically significant, and marked with stars (*). 
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3.5. European climate regions and vulnerable modes of transport 

3.5.1. The climatic regions 

The EWENT WP2 study provided the first attempt to produce a comprehensive climatology of the 

adverse and extreme weather events affecting the European transport system by estimating the 

probability of phenomena for the present climate (1971-2000) (Vajda et al., 2011). It also provides 

an overview of projected changes in some of these adverse and extreme phenomena in the future 

climate up to the 2050s. The following phenomena were analysed: strong winds; heavy snowfall; 

blizzards; heavy precipitation; cold spells; and heat waves. In addition, visibility conditions deter-

mined by fog and dust events, small-scale phenomena affecting transport systems such as thun-

derstorms, lightning, large hail and tornadoes. Events that damage the transport system infra-

structure were also considered. 

 

There are large differences in the probabilities and intensity of extremes affecting transport sys-

tems across Europe. The Northern European and the Mountainous region are impacted most by 

winter extremes, such as snowfall, cold spells and winter storms, while the probability of extreme 

heat waves is highest in Southern Europe. Extreme winds and blizzards are most common over 

the Atlantic and along its coastline. Heavy rainfalls occasionally impact the whole continent. Visi-

bility conditions indicate a general improvement over the decades studied: severe fog conditions 

seem to have a strong declining trend at some of the main European airports. 

 

Future changes in the probability of adverse and extreme weather phenomena are assessed 

based on six high resolution (ca. 25x25 km
2
) Regional Climate Model (RCM) simulations pro-

duced in the ENSEMBLES project. The studied time horizons are the 2020s (2011-2040) and the 

2050s (2041-2070). The low number of climate models used did not allow probabilistic quantifica-

tion of uncertainty, however, the range of projected changes is shown. 

 

The multi-model approach adopted by the researchers indicates robust changes in temperature 

extremes. However, the projections are less coherent with regard to extremes in precipitation and 

wind. Both cold extremes and snow events are likely to become rarer by the 2050s. On the other 

hand, heavy snowfalls are not expected to decrease all over Europe; instead, the models project a 

slight increase over Scandinavia. Extreme heat is likely to intensify across the entire continent, 

being more accentuated in the south. 

 

Climate change is expected to have both negative and positive impacts on the transport sector. A 

reduction in cold events would have many positive impacts, reducing disturbances caused, e.g. by 

slipperiness, as well as reducing ice at sea and on rivers, for example. On the other hand, the fu-

ture increase in the frequency and severity of heat waves indicates the need to consider the heat 

tolerance of various transport modes. More specific examples are given in chapter 3.  

 

Due to the various climatic patterns, different regions of Europe are impacted by different ex-

tremes.  In order to facilitate the assessment of impacts and consequences of extremes phenom-

ena on European levels a map of the European climate regions was created by FMI. Based on the 

frequency and probability analysis of the selected climatic extremes we differentiated six main 

climate regions: Northern European, Temperate Eastern European, Temperate Central European, 

Mediterranean, Mountainous and Oceanic regions. 
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The climate regions can be utilised in the reading of the results. The reader may identify the area 

of her/his interest from the map (Figure 7) and study the results of the corresponding climate re-

gions in section 3. It is advisable to read also the results for the adjacent climate regions as the 

regions are often separated from each other rather by transition zones than sharply defined bor-

ders. 

 

 

Figure 6. The improved map of European climate regions based on the frequency and probability 

analysis of the selected climatic extremes (modified from Vajda et al., 2011) 
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Each EU-27 member state belongs to one or several climate regions. For example, Italy presents 

both the Mediterranean and Mountainous climates, Norway and Sweden likewise present North-

ern European climate but some parts  have mountainous characteristic, thus labelled Mountain-

ous regions. Poland has both Temperate Central and Temperate Eastern regions present. In 

France there are in reality four climate regions present: Oceanic, Temperate Central, Mountainous 

and Mediterranean (however, we have used only three for France). Therefore the results that fol-

low are shown by mode and climate regions, and some countries might appear in several places. 

These countries appear with an individual climate region identification sign, e.g. Poland_Tc, mark-

ing the Polish Temperate Central European climate region. All the identifiers are self-explanatory. 

 

3.5.2. Enhancements of the European Severe Weather Database 
(ESWD) 

The ESWD collects reports about events that are local, short-lived and severe, such as large hail, 

severe winds and tornadoes. Reports of such events are available on an infrequent and inhomo-

geneous basis. Many of these events are not measured by conventional weather station networks 

due to their relatively small spatial and temporal scales. The reports in the ESWD are therefore 

collected are assembled through various sources including several National (Hydro-) Meteorologi-

cal Services (NHMS), voluntary observing networks, the general public as well as the media and 

other web sources.  

 

The European Severe Weather Database (ESWD) was first introduced by Fulvio Stel and Dario 

Giaiotti during the European Conference on Severe Storms (ECSS) 2002. It collects reports of 

eleven severe weather types occurring throughout Europe and adjacent regions. The reports of 

the ESWD are freely accessible via the web-interface www.eswd.eu, which started its operational 

phase in 2006. Since its introduction, the ESWD has been upgraded a number of times in terms of 

data format, web-interface, data sources, etc. The following paragraphs summarize the enhance-

ments within the project EWENT. 

 

Within EWENT, the number of event types was enlarged. Those which are usually of convective 

nature: dust devil, funnel cloud, gustnado, heavy rain, large hail, tornado and severe wind events 

were complemented by winter event types: avalanche, heavy snowfall, ice accumulation, and by 

damaging lightning. The precise definitions of the weather types are described on the webpage. 
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Figure 8. Spatial distribution of all reports in the ESWD (30 May 2012); note that symbols overlap each 

other 

 

During the project EWENT, data from three countries were included into the ESWD, namely Aus-

tria, Cyprus, and Finland. The general public is encouraged to report their observations of severe 

weather via the ESWD webpage. To simplify the reporting process, the webpage is available in 

fourteen different languages. The following four were added within the project EWENT: Portu-

guese, Estonian, Turkish and Russian. 

 

The ESWD contains 43,400 reports (Figure 8). The number of reports is rapidly increasing, espe-

cially of the four newly included weather types. 

3.6. The most vulnerable transport modes in different parts of 
Europa 

The most vulnerable transport modes in each climate region were tentatively assessed in EWENT 

D1 Review on extreme weather impacts on transport systems (Kojo et al., 2011) with the help of 

media reports database. These results were further sharpened in EWENT D3 Consequences of 

extreme weather (Mühlhausen et al., 2012). It appeared that certain traffic modes in certain cli-

mate zones were more vulnerable than the others when exposed to particular weather phenome-

na. The outcome of these studies is compiled into Table 6. 

 

In the EWENT project the risk indicator for each country and traffic mode due to extreme weather 

events were calculated from basis of vulnerability indicator and hazard indicator. The vulnerability 

indicator varies between 0.25 (less vulnerable) and 1.0 (more vulnerable) and the hazard indicator 

between 0.01 (less hazards) and 0.11 (more hazards). The overall situation of the whole Europe 
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for each transport modes is seen in the appendixes 6-8. In the next chapters the situation is dis-

cussed separately for different climate regions.  
 

Table 6. The most vulnerable transport modes for extreme weather according to prior analysis in 

EWENT; Ro = road transport, Ra = railway transport, Av = aviation, Ss = short sea shipping, IWT = inland 

waterway transport 

 

Climate Region 

Strong 

winds  

Heavy 

snowfall 

Heavy pre-

cipitation 

Cold 

spells 

Heat 

waves 

Blizzards 

Northern European 

Region 

Ss Ro, Ra Ro, Ra Ro, Ra τ Ro, Ra, 

Av, Ss 

Oceanic Region Ro, Ra, Ss Ro, Ra Ro, Ra Ro τ Ro, Ra, Ss 

Mediterranean 

Region  

Ss Ro  Ro τ Ro, Ra τ 

Temperate Central 

European Region 

Ro, Ra, Av Ro, Ra, Av 

 

Ro, Ra, 

 

IWT IWT Ro, Ra, 

Av, Ss 

Temperate Eastern 

European Region 

Ro, Ra, Av Ro, Ra, Av Ro, Ra, Av IWT Ra, IWT  Ro, Ra, 

Av, IWT 

Mountainous Region Av Ro, Ra, Av Ro, Ra IWT IWT Ro, Ra, Av 

 

It is notable that for the next chapters the most vulnerable traffic modes are selected by climate 

regions according to the most probable harmful event chains starting from the extreme or adverse 

weather phenomena and ending to harmful impacts to society in terms of accidents, delays or 

maintenance costs. In this case some of the most regular events even with harmful events are not 

taken into account. For example, in the Northern European region the inland water transport is not 

highlighted even if it is stopped due to ice cover for almost every winter. Also aviation in this area 

is not critical enough despite long wintry conditions since airports in Northern area are prepared 

against winters and they have some excess capacity, for example extra runways which can be 

ploughed while the others are in use.  
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4. Regional and mode-specific risk assessment 

4.1. Northern European (sub-arctic) region 

The Northern European region primarily located in Scandinavian countries and Russia, approxi-

mately north of 55° latitude, is typically dominated by extreme winter phenomena. The frequency 

of cold spells, heavy snowfalls and blizzards is highest in this region. Within this region the areas 

most impacted by winter extremes are located north of 65° latitude, e.g. in Lapland, recording the 

highest probability of extreme cold spells (20-35 days/year for daily mean temperature under -20 

°C in Lapland), heavy snowfall (40-50 days/year with 10 cm/day on the western coast of Norway), 

blizzards (locally over 140 cases during the 1971-2000 period), and extreme wind - especially 

over Iceland. Heavy rainfalls are frequent over the fjord coast and westerly exposed mountain 

ranges of Norway. Conversely, the frequency of hot spells is the lowest within the Northern Euro-

pean region (typically 5-20 days/year with maximum temperature over 25 °C). 

 

In terms of projected future climate the winter extremes are predicted to moderate by 2050s in the 

Northern European region compared to their present range, with a substantial decrease in the 

frequency of cold spells (with 20-30 days per year), blizzards and snowfall events, while heavy 

snowfalls (over 10 cm/24 hour) indicate  a slight increase. Maximum ice cover extent on the Baltic 

Sea and the probability for severe ice winters is expected to decrease. The average maximum 

fast ice thickness is likely to have decreased by 30-40 cm in 2060 relative to the control period 

1971-2000, leaving the southern areas of Baltic Sea coast largely ice-free.  

 

As anticipated in a warming climate, heat waves (> 25 °C) are expected to occur more frequently 

(increase of ca. 5 days/year) in Scandinavia and Northern Russia, however, the projected in-

crease is not as robust as in Southern Europe. Precipitation extremes (> 30 mm/day) record a 

slight intensification (1-2 days). Wind gusts show a tendency of strengthening over the Baltic Sea 

and weakening over the land areas, however, large uncertainties are related to estimates on 

changes in wind speed.  
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Figure 9. Some of the most important transport corridors in Northern European climate region 

 

Due to sparse population the risk indicators for Northern area are not high. The main concern fo-

cuses on road and railway transport and short sea shipping. In the figure 9 there are seen some of 

the most important transport channels from Northern European climate region.  

4.1.1. Road transport 

In road transport the Scandinavian area roads are among the most troubled in Europe. This is 

because of several most severe phenomena take place in this region. As the region has also ver-

satility of landscape and climate ranging from southern parts where slippery conditions are com-

mon to coastal areas with strong winds and northern and eastern parts with extreme cold and 

heavy snowfalls. As temperature drops under 0°C, the roads become slippery which causes for 

example traffic jams. The most likely chain of events that could harm road transport in Northern 

European region starts when the weather temperature drops under -7°C. This increases the 

amount of accidents, traffic jams, and undesirable effects on traffic interoperability. Regarding ac-

cidents, the total amount of fatalities in the region was 1.514 in 2008, resulting in losses of 279 

million euros in statistical valuation of life. In addition, severe and slight injuries result in additional 

personal damages that can be up to three times the value of fatalities
3
. 

 

The other significant events are the wind gust (over 17 m/s) which cuts trees in this forestry region 

on roads causing accidents, delays and increased maintenance costs.  

 

The countries in the region have over the past decade implemented rigorous road safety pro-

grammes, which have focused on identifying the major causes of accidents and measures needed 

to prevent them. For instance, the head-on collisions, which have been frequent in the regional 

roads, have been reduced by introduction of separation of lanes. For accidents, bad weather re-

sults easily in a large number of accidents over a short period of time, for instance heavy snowfall 

over a couple of hours can results in hundreds of accidents even in a geographically small area. 

As a result of the measures taken the majority of fatalities in road transport are expected to take 

place on major roads, where speed limits are higher and accidents taking place are more severe 

as a result. 

 

For delays, data availability on commuter volumes in cities is an issue. The greater the volumes of 

road users are, the greater the impact of extreme weather-related delays. In the Scandinavian 

area this means that the most significant impacts will be observed in the urban context, where 

volumes of road users are large. The occurrence of more than one severe weather phenomena at 

time can also worsen the impact and cause greater delays for road users. 

 

Regarding maintenance costs, it is clear that extreme weather will impact the costs. However, in 

many cases the maintenance is regulated by contracts, which often include provisions for certain 

amount of work to be carried as part of the contract and for additional work not covered by con-

tracts extra payments may be required. In last years the impact of heavy snowfall have extended 

over the whole winter period, as happened in 2009/2010 and 2010/2011 winters in Helsinki area 

in Finland. The snowfall created problems to maintain the infrastructure as roads and streets be-

                                                      
3
 The European accident statistics do not provide a detailed breakdown of injuries by countries so the exact estimation of 

all accident costs by climate regions is not possible. However, in overall accident statistics the ratio between fatalities and 
all injury costs is approximately 1:3. This ratio will be used for all climate region estimates that follow. 
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came narrow, parked vehicles became covered with snow and removal of snow and vehicles cost 

the municipalities of the region a significant amount in extra services required.  

 

 

Figure 10. Risk Indicator in Northern European for road transport (passengers) due to extreme 

weather events; the indicator is given separately for delays, infrastructure maintenance and accidents 

 

However, the risk indicator for road transport in Northern European region countries (Figure 10) is 

not high compared to the risk indicators of other climate regionsô countries in Europe. This is due 

to sparsely populated areas and not thinner transport volumes. In addition the quality index of 

road infrastructure in this climate region is the highest in Europe, making the road structure more 

resilient to extreme weather.  

4.1.2. Rail transport 

For rail, the major impacts are resulting from strong winds, blizzards and cold temperatures.  Wind 

gusts exceeding 17 m/s will start cutting down trees on tracks and cause delays. The impacts of 

wintry circumstances can be severe, as the network suffers from various impacts that require 

maintenance, at times in areas where maintenance is difficult. Prolonged or combined impacts 

cause overall more severe consequences. Unexpectedly also heat waves cause damages when 

temperature rises up over +25 °C.  As a matter of fact they are supposed to cause main risks con-

cerning working conditions and safety. All these weather phenomena cause delays and cancella-

tions of the service whenever rail buckling occurs.  

 

In terms of accidents, the impact of extreme weather is created through poor visibility and obsta-

cles on the tracks. Poor visibility leads to collisions with vehicles at road-rail level crossings. Ob-

stacles on the tracks, including icy conditions, lead to crashes and deviations from tracks.  

 

Risk Indicators for rail transport in Northern European (Figure 11) area countries are not very high 

compared to other climate regionsô indicators. Congruent with road transport, this is due to 

sparsely populated areas and lower volumes of transport.  

 

0

0,001

0,002

0,003

0,004

0,005

0,006

0,007

0,008

Denmark NE Finland Sweden

Delay

Infra.

Accident



  

Grant No. 233919 

32/93 

 

 

Figure 11 Extreme weather risk indicators in the Northern European region for rail freight transport 

4.1.3. Short sea shipping 

The Northern European region includes the EU coast of the Baltic Sea and its approaches include 

the coastlines of Sweden, Northern Denmark and Finland as well as the whole Gulf of Finland.  

 

This region is by far the most prone to ice conditions: Cold waves, snow, blizzards, low tempera-

tures, ice accumulation and sea ice are another set of weather conditions affecting ships, espe-

cially in the Baltic Sea and the Gulf of Finland. Vessels operating in Northern European waters in 

late fall and winter are likely to experience some degree of topside icing on decks, bulwarks, rails, 

rigging, and spars. Icing can hinder shipboard activity and, in extreme cases, it can seriously im-

pair vessel operations and stability. Smaller vessels are most at risk. The extent of the ice varies 

from year to year, and the winter of 2009/2010 saw more ice than had been experienced in the 

previous 20 years. This was after the relatively mild Baltic winter periods of the previous two 

years. This period of more ice than normal meant that many ships needed icebreakers to free 

them after they had become stranded. The same applies to infrastructure on land: ice conditions 

affect equipment, personnel and can have adverse effects on everyday port activities. 

 

Accidents are regular incidents in the Baltic due to the high volumes of traffic at various critical 

shipping points, a situation further aggravated by weather conditions. One reason for the greater 

volume of trade is growing demand for fossil fuels, their majority coming from the Russian Federa-

tion. However, increased traffic leads to increased likelihood of an accident occurring, especially 

in the Northern European region where adverse weather conditions prevail. The principal risk to 

shipping is not so much extreme windstorms, as in the Atlantic, but a combination of frequent and 

sudden fog and bad weather. The prolonged winter cold spells, too, are fraught with hazard. Loss 

potential is higher because, in many cases, due to high freight rates and lack of appropriate ves-

sels, the ships do not have ice-class hulls
4
. The great majority of the shipping traffic in the region 

uses the southern and central parts of the Baltic Sea and the Gulf of Finland, and despite the pre-

sent economic conditions, ship voyages and cargo volumes are generally increasing. The main 

bottlenecks in the region are in the south-western approaches between Denmark and Sweden, 

                                                      
4
 Info dealing with traffic restrictions e.g. due to sea ice is found on http://portal.liikennevirasto.fi/sivu/www/baltice/ 
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