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This paper is a summary from the EWENT-project Deliverable D5.1 Weather hazards and vulnerabilities for the 
European transport system – a risk panorama. The original deliverable can be found in http://ewent.vtt.fi/ 

EWENT- project (Extreme weather impacts on European networks of transport, Grant Nr 233919) was co-funded by 
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Extreme weather impacts on European networks of transport – EWENT 

The goal of the EWENT project was to estimate and monetise the disruptive effects of extreme weather events on the operation 
and performance of the EU transport system.  

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 paper pools the information from EWENT’s work packages, such as risk identification and estimation, 
into a risk panorama of Europe and provides a holistic view on the extreme weather risks in different parts of Europe.  

The risk assessment is based on the definition of transport systems’ vulnerability to extreme weather events in different 
countries and on calculations of the most probable event chains, starting from adverse weather phenomena and ending with 
events that are harmful to the transport network in different climate regions. The probabilistic section is the hazard analysis. 
The vulnerability of a particular mode in a particular country is a function 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, ppp-adjusted).  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 information, we present the risk indicators for each mode and country. 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. It 
is a very robust ranking system, first and foremost.  

The risk panorama first presents the division of climate regions in Europe based on the occurrence of adverse weather 
phenomena. The following chapters discuss, separately, these climate regions and extreme weather-related risks for transport in 
these areas. The maps also show some relevant routes and nodes, which have been considered in more detail in EWENT. The 
risks are categorised according to consequences as accident risks, maintenance risks and time delay risks. Maintenance risks 
include also potential damages to infrastructures. 

More detailed information, and explanations and meteorological descriptions can be found in the project Deliverable D 5.1 
Weather hazards and vulnerabilities for the European transport system – a risk panorama. The deliverable is freely 
downloadable at http://ewent.vtt.fi/ 

In the figures presented in the text, all the EU-27 countries are arranged into their climate regions and some are even divided 
into two parts as they belong to two different areas. The first countries from Cyprus (CY) to Spain (ES) belong to the 
Mediterranean area; from Belgium (BE) to Spain (ES_O) to the Oceanic Region; from Austria (AT_Tc) to Belgium (BG)) to the 
Temperate Central Region; from Estonia (EE) to Romania (RO_Te) to the Temperate Eastern Region; from France (FR_A) to 
Sweden (SW_A) to the Mountainous Region and finally from Denmark (DK_NE) to Sweden (SE) to the Northern European Region 
(Nordic). 

May 2012, EWENT Partners 
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The Northern Region, primarily the Scandinavian countries 
and Russia (north of 55° latitude), is typically dominated by 
extreme winter phenomena. This is the region with the 
highest frequency of cold spells, heavy snowfalls and 
blizzards. The highest probability of extreme cold spells (20-
35 days/year with a daily mean temperature below -20 °C) 
can be found in Lapland, heavy snowfall (40-50 days/year 
with 10 cm/day) on the western coast of Norway. Heavy 
rainfalls are frequent over the fjord coast and the westerly 
exposed mountain ranges of Norway. Conversely, the 
frequency of hot spells is the lowest within the Northern 
European zone.  

In terms of the projected future climate, the winter 
extremes are predicted to moderate by the 2050s in the 
Northern European Region compared with their present 
range, with a substantial decrease in the frequency of cold 
spells, blizzards and snowfall events, while heavy snowfalls 
indicate a slight increase. The maximum extent of ice cover 
in the Baltic Sea and the probability of severe ice winters 
are expected to decrease. As anticipated in a warming 
climate, heat waves are expected to occur more frequently.  

The Temperate Central Region is less affected by extreme 
weather events than the neighbouring zones. However, 
various adverse weather events may impact the area on a 
yearly basis. There is a 5% probability of heat waves (Tmax ≥ 
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32 °C), 2% of heavy rainfall (>30 mm/24 h) and on average 
15-20 days/year with over 17 m/s wind gusts. Winters have 
occasional blizzards and sporadic severe snowfall (5 
events/year), especially over the southern part of this 
region, together with cold spells (up to 20 days). 

An increase in warm extremes and a decline in cold 
extremes are expected for this region by the 2050s. The 
intensification is more robust heading southward, 
increasing by 20 days/year for days with 32 °C. Accordingly, 
by 2070, the Central European Region is expected to 
experience as many heat waves as the Mediterranean 
Region currently does. The set of climate simulations 
analysed showed mixed patterns of changes for extreme 
wind gusts. Snowfalls are also expected to decrease in 
number by 5-10 days/year mainly due to a shift from snow 
to rain in the warming climate. 

The Temperate Eastern European Region differs from the 
Central European Region by the more pronounced effect of 
continentality. Accordingly, cold spells are more frequent 
and intense during winter, 30 days/year with below -7 °C in 
the western part of the zone, increasing eastward to 70-80 
days/year. Extreme cold spells (under -20 °C) are frequent 
over the eastern part. Blizzards and heavy snowfall events 
(>10 cm/24 h) impact the Eastern European zone about 5 
times a year; very heavy snowfall events may also occur 
sporadically. Days with temperatures exceeding +32 °C 
eventuate with a 5% probability every year, being more 
frequent over the southern part of the region (~10%). The 
spatial variation of heavy rainfalls does not differ from the 
general European patterns.  

With regard to the projected changes in extremes, a 
decrease in cold spells (by 5-10 days for <-7 °C), snowfall 
(by 1-5 days for 10 cm/day snow) and blizzard events is 
expected, and a significant increase in warm extremes (up 
to 20 days for +32 °C) by the 2050s. Wind gusts and heavy 
rainfall show mixed patterns of change over this region.  

The Oceanic Region located over the western part of the 
continent – the British Isles, France, Spain, Belgium, 
Luxembourg and the Netherlands – features a relatively 
moderate frequency of extreme winter phenomena, such 
as blizzards, extreme cold spells (on average less than 10 
days/year with -7 °C and very rarely cases with <-20 °C) and 
heavy snowfall (in general 3% probability of snowfall). The 
probability of heat waves is higher over the mainland (5% 
for daily maximum temperature over 32 °C), while heavy 
rainfall and extreme wind gusts are more common over the 
British Isles (80 cases/year with >17m/s wind gusts).  

By the 2050s, this climatic region is likely to be impacted 
more by warm extremes and heavy precipitation, with an 

increase of 5-10 days/year in the frequency of heat waves 
and 1 day/year for 30 mm rainfall. In terms of wind 
extremes, the patterns of changes are mixed, with a slight 
decrease for over 17 m/s gusts but an increase for those of 
25 m/s. The intensity of cold temperatures, extreme 
snowfall and blizzard events is projected to decrease 
significantly.  

The Mediterranean Sea and its coastal areas are affected, 
particularly in summer, by the highest frequency of heat 
waves in Europe (locally, a 25% probability of daily 
maximum temperatures over 32 °C). Locally, the frequency 
of thunderstorms and lightning as well as the intensity of 
heavy rainfall reach high levels. However, frost days and 
snowfalls may occur on an annual basis, while extreme 
winter events are uncharacteristic. Dust events also impact 
the region occasionally, especially in the south-eastern part 
of the Mediterranean.  

The multi-model mean indicates a robust intensification of 
warm extremes over the Mediterranean Region, with an 
increase of 30-40 days/year with a daily maximum 
temperature above 32 °C and 5-10 days of those above 43 
°C. Cold temperatures and snowfalls will decrease by 5-10 
days, on average, over this region. Extreme winds will tend 
to weaken, except in the eastern part of the region where 
they will alternate locally with becoming stronger. Heavy 
precipitation events are only expected to increase slightly. 
The intensity of cold temperatures, extreme snowfall and 
blizzard events is projected to decrease. In terms of wind 
extremes, the patterns of changes are mixed, with a slight 
decrease for >17 m/s gusts but an increase for >25 m/s. 

The Mountainous Region implies not only the Alps but also 
the Carpathians, the Pyrenees and in many aspects also the 
Scandinavian Mountains. Due to their topography, these 
regions can have remarkably different extreme phenomena 
from their surroundings. The most characteristic extreme 
phenomena affecting the Mountainous Region are cold 
spells (on average 50-60 days with -7 °C), heavy snowfall 
(40-45 days with >10 cm and >20 days with 20 cm of snow 
in 24 hours), blizzards, especially in the Scandinavian 
mountains and the Alps, and heavy rainfall. 

By the 2050s in the Mountainous Region, extremes are 
predicted to abate, especially cold spells (by 5-10 
days/year, up to 20 days in the Scandes for <-20 °C) and 
snow-related phenomena (by 5 days/year for >20 cm/24h 
snowfall), except in the Scandes where the frequency of 
heavy snowfall is likely to increase by 1-5 days/year. Heavy 
rainfall and warm-related extremes will become more 
intense. 
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Road transport 

In road transport, the Scandinavian area roads are among 
the most troubled in Europe. As the region also has a 
versatile landscape and climate ranging from southern 
parts where slippery conditions are common to coastal 
areas with strong winds and northern parts with extreme 
cold and heavy snowfalls. The most likely series of events to 
harm road transport in Scandinavia starts when the 
weather temperature drops below -7 °C. This makes the 
roads slippery, which causes accidents, traffic jams, and 
undesirable effects on traffic interoperability. The other 
significant event chain starts with heavy wind gusts, which 
can take down trees in this forestry region onto roads 
causing accidents, delays and increased maintenance costs.  

The total number of road fatalities in the region was 1,514 
in 2008, resulting in losses of 279 million euros in social 
costs. Serious and minor injuries result in additional 

personal damages that can be up to three times the value 
of the fatalities. Extreme weather easily results in a large 
number of accidents over a short period of time. For 
instance, heavy snowfall over a couple of hours can result 
in hundreds of accidents. 

The greater the volumes of road users, the more probable 
are the extreme weather-related delays. In the 
Scandinavian area, this means that the most significant 
impacts will be observed in the urban context where the 
volumes of road users are large. However, the risk indicator 
for road transport in the Northern European area is not 
high compared with the overall risk indicator for the whole 
EU-27. This is simply due to the sparsely populated areas 
and less dense transport. The quality index of the road 
infrastructure is also the highest in Europe making it more 
resilient to extreme weather impacts.   
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Rail transport 

For rail, the major impacts seem to result from strong 
winds, blizzards and cold temperatures. Wind gusts over 17 
m/s take down trees onto tracks and cause delays. 
Unexpectedly, heat waves also cause damage when the 
temperature rises above +25 °C. In fact, high temperatures 
are also supposed to increase risks of working accidents 
and safety. Any incidents on rails will most likely cause 
delays and cancellations of service. The impacts of wintry 
circumstances can be severe, as the network suffers various 
impacts that require maintenance, at times in areas where 
maintenance is difficult. Prolonged or combined impacts 
cause more severe consequences overall. 

The risk indicator for rail transport in the Northern 
European area is not high compared with the average risk 
indicator in Europe. Congruent with road transport, this is 
due to the sparsely populated areas and less dense 
transport volumes. 

 

Short sea shipping  

This region is by far the most prone to icy conditions. Cold 
waves, snow, blizzards, low temperatures, hail and ice are 
another set of weather conditions affecting ships, especially 
in the Baltic Sea and the Gulf of Finland. The extent of the 
ice varies from year to year. Heavy ice means that many 
ships need icebreakers to free them after they have 
become stranded by ice.  

Accidents are regular in the Baltic due to the huge volumes 
of vessel traffic between busy ports, a situation further 
aggravated by weather conditions. The total number of 
vessels involved in accidents in the region in 2010 was up 
almost 19% on 2009. In the Baltic Sea, during severe or 
extremely severe sea ice in winter a number of “small 
accidents” may take place as the routes through the ice are 
narrow. The Baltic Sea vessel accident represented almost 
14% of the EU total. The risk for accidents increases when 
ships operate in relatively confined waters, such as around 
parts of eastern Denmark, or in bad weather and/or 
without a pilot. 
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Road transport 

In the Temperate Central Region, the freight corridors are 
sensitive to disruptions due to the high volume of traffic. 
Reduced visibility because of fog, snow or heavy 
precipitation can lead to accidents. Heavy wind gusts can 
take down trees and block roads temporarily and even 
higher winds may cause closure of bridges. Heavy 
precipitation causes flooding and landslides, reducing the 
traffic flow and increasing the number of accidents. The 
most likely series of events starts when the weather 
temperature drops below -0 °C. This makes the roads 
slippery and causes accidents, traffic jams and undesirable 
effects on traffic interoperability.  

High temperatures foster fatigue of drivers and can 
increase the number of accidents, which in turn causes 
congestions and long travel times. Damage to pavements 
and constructions (e.g. bridges) can lead to long-term 
problems, as the capacity of detours is often limited or the 
rerouting may be much longer than the original route. 

In cities, bad weather can result in a complete breakdown 
of the whole transport network during rush hours. Luckily, 
there are fewer fatalities in cities as the speed is lower than 
on transit or intercity routes.  

The extreme weather resulted fatality costs in the 
Temperate Central Region are 300 million euros per year. 
With other accidents added, it totals approximately 1.2 
billion euros. The figure is low compared with other regions 
with equally large volumes of traffic, but this is explained by 
the relatively small impact of extreme weather.  

The risk indicator for road transport in this region is high. 
This indicates that dense populations and traffic volumes 
expose for risk. In some countries, such as in Poland, this 
exposure combined with relatively poor infrastructure 
quality increases the risk levels extremely high. In the 
Slovak Republic and Slovenia, the risk indicator is at the 
same level as in Germany – the latter has heavy transport 
volume whereas the formers have low GDP/CAPITA (coping 
capacity) and low quality of the road infrastructure. The 
most vulnerable areas are in the Czech Republic and Poland 
due to high population and traffic densities, together with 
low quality infrastructure and low GDP/CAPITA. All 
different risk aspects materialise in these countries 
simultaneously. 

Rail transport 

The primary weather events affecting rail transport are 
snowfall, low temperature and heavy precipitation, which 
lead to delays in freight and passenger transport. Freight 
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transport is affected on long-haul routes, and passenger 
transport is affected in the commuter rail systems. Snowfall 
and low temperatures can freeze switches, leading to 
blockages of tracks and delays. The most likely series of 
events to harm rail transport originates from heavy wind 
gusts and heat waves. Wind gusts together with lightning 
and thunderstorms take down trees onto tracks and 
damage wire grids, and control systems, yielding to 
accidents, delays and maintenance costs. Heavy rain has a 
great probability of damaging railway embankments. Heat 
waves may also have occupational consequences on top of 
rail buckling.  

Austria and Denmark produce the base level benchmark for 
the risk indicator in the case when the population and 
traffic densities are low and the infrastructure quality level 
and GDP/CAPITA are high. Germany and the Czech Republic 
represent a situation in which either the population or the 
traffic density are high and the infrastructure quality is high 
or the population and traffic density are low and the quality 
of infrastructure is also low. The highest risk indicator is in 
Poland where all the vulnerability factors increase the risk. 

Aviation 

The aviation system is in general highly sensitive to wind 
gusts, snowfalls and cold waves. Compared with other 
modes of transport, even slight disruptions to flight plans at 
airports, which are at capacity limit, can lead to massive 
disruptions throughout Europe. The time delay risk and 
inefficient capacity are the main issues to be considered.  

The most likely series of events to harm aviation in this 
region takes place when wind gusts over 17 m/s blow over 
the area. Fog and cold waves, and even 1cm/day snow, are 
considered prevailing weather events combined with the 
high volume of passengers in the area. The effects on 
delays can be massive. Due to the high safety standards and 
professional staff, the number of accidents is negligible 

within Europe. Extreme snowfalls combined with non-
existing extra capacity of runways will have a quick and 
serious impact. 

In the future, the probabilities of cold waves and snowfalls 
are expected to decrease whereas heat waves are expected 
to increase. The risk indicator for accidents due to extreme 
weather is calculated to be zero. The highest risk indicator 
is in Poland where high population and transport densities 
together with low GDP/CAPITA and low quality of 
infrastructure produce a high risk level. However, the risk 
level in aviation is significantly lower than in railway or road 
transport.  
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Inland Waterways 

This region contains  important waterways of Europe, such 
as major parts of the Rhine-Main-Danube axis, the German 
waterways (e.g. Moselle, Neckar, Elbe) and canals, and the 
Odra on the German-Polish border as well as the Sava and 
Tisza joining the Danube in Serbia. Parts of the Upper Rhine 
and the German and Austrian Danube in this climatic region 
also coincide with the Mountainous region. An inland 
waterway to be mentioned further is the Vistula in Poland 
which runs through the cities Kraków and Warszawa and 
ends in Gdansk at the Baltic Sea 

The most important extreme weather events affecting 
inland waterway transport are high water and floods due to 
heavy precipitation, and ice occurrence due to 
temperatures below zero degrees, as well as low water due 
to drought and heat. Of less importance is the occurrence 
of wind gusts and reduced visibility. The impact of extreme 
weather events on inland waterway transport is dependent 
on the different regions and local hydrological conditions 
under consideration. 

Navigation on the Moselle, the Saar, and the Neckar, as 
well as on the German Danube and the Danube from the 
Austrian-Hungarian border till the Iron Gates is susceptible 
to the occurrence of high waters. For example, on the 
Neckar, suspension of navigation due to high water may 
exceed 30 days a year in severe cases. Navigation on the 
Middle Rhine and the Main-Danube Canal is not susceptible 
to the occurrence of high waters.  

Ice occurrence leading to the suspension of navigation is 
possible on almost the whole Danube, even on the lower 
part of it. Very high susceptible of navigation with respect 
to ice occurrence is present on the Main-Danube Canal, 
where navigation may be suspended by more than 40 days 
a year in severe cases.  In the Rhine area navigation is not 
affected by ice occurrence.  

The occurrence of drought in association with heat waves 
can affect transport on the Rhine through restricted water 
depths. Other critical waterway sections with respect to 
low water occurrence and relevance to the cargo-carrying 

capacity of vessels are the stretch between Straubing and 
Vilshofen on the German Danube, the free-flowing sections 
in the Wachau and between Vienna and Bratislava on the 
Austrian Danube, and the free-flowing sections between 
Gabcikovo and Budapest as well as Budapest and Mohács 
on the Hungarian Danube.  

The highest risk indicators for inland waterway transport 
are in Poland and the Slovak Republic. This is due to the 
high population density, low coping capacity (GDP/CAPITA) 
and low quality index of infrastructure. It is notable that the 
risk of accidents in each country is very low compared with 
the risk indicator of delays and infrastructure maintenance 
costs. 

Short sea shipping 

Wind and waves, fog, rain and low temperatures are 
considered the prevailing weather events in the region, and 
these phenomena can threaten both the operations and 
the infrastructure. The most likely series of events to harm 
short sea shipping takes place when the wind gusts exceed 
17 m/s. This causes accidents and damage to vessels, cargo 
and humans. The other significant event chain happens 
when the temperature falls below -0 °C. This affects 
navigation and causes accidents and delays. Cold weather 
may increase occupational accidents due to slipperiness of 
surfaces.  

The highest number of accidents occurs in the region’s 
main bottle-necks, where large numbers of vessels are 
regularly brought together with little room to manoeuvre 
and different types of obstructions to navigate through and 
around. Such areas are found around the biggest ports in 
Germany and Denmark (Hamburg etc.) and in the Kiel 
Canal.  

The risk indicator is again highest in Poland due to the high 
density of population and transport, the low level of the 
infrastructure quality indicator and the low coping capacity 
(GDP). With regard to short sea shipping, the risk indicator 
for accidents is low in each of the region’s countries. 
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Road transport 

In the Temperate Eastern Region, the freight corridors face 
a very high volume of traffic and are therefore sensitive to 
disruptions.  

The most likely series of events to harm short road 
transport in Temperate Eastern Europe occur when the 
temperature falls below -0 °C and snow and cold generate 
slippery roads. Heavy wind may take down trees onto roads 
or close bridges, causing delays, especially for road 
transport. Heavy rain has the same effects due to floods 
and mudslides covering or washing away parts of the 
infrastructure. 

This region is prone to both heat waves and cold waves. 
High temperatures foster fatigue of drivers and can 
increase accident risk. Extreme cold, in turn, reduces the 
use of cars and trucks. In urban transport, bad weather can 
result in a total breakdown of the whole road transport 
network.  

The estimated weather related cost of fatalities in this 
climate region is 860 million euros annually, with over 2.5 
billion euros in other injury costs.  

Rail transport 

The main weather events affecting railway transport are 
snowfall, low and high temperatures and heavy 
precipitation. Extreme weather events lead to delays in 
freight as well as in passenger transport.  

Heat waves are most likely to have health-related 
consequences to the work force and maintenance costs due 
to rail truck buckling and thermal extension. In the case of 
low temperatures, switches may freeze leading to, e.g., 
blockages of tracks, slower speeds and delays. Wind gusts 
also take down trees onto trails, which causes delays, and 
heavy precipitation can damage railway embankments and 
cause delays as well as increased repair and maintenance 
costs. 

The risk indicator for road and railway transport is highest 
in countries with high population and traffic densities such 
as Poland and Romania. The infrastructure quality indicator 
is also low in the Baltic area as the scarce population and 
low traffic density keep the risk indicator down. 
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Aviation 

In the Eastern Temperate Region, the weather phenomena 
that are most likely to disturb aviation seem to be snowfalls 
and cold waves when the temperature drops below -0°C. 
Due to these phenomena, there are operating restrictions 
that lead to delays and increased fuel consumption because 
of airborne holding for arriving aircraft. Delays for flight 
cancellations are also possible.  

There are no major hub airports in this region, however, 
but there are still important ones like Moscow 
Scheremetjewo and Moscow Domodedowo.  

The risk indicator is highest in countries in which the 
population and traffic densities are high and the coping 
capacity (GDP/CAPITA) and infrastructure quality indicator 
are low. As shown in the figure, the risk indicator for 
accidents is zero. This was confirmed by calculations, which 
were performed by taking into account the accident rates 
during the past few years. 

 

 

Inland waterways 

The most important waterway is the Lower Danube, 
extending from the Iron Gates to the Black Sea. It is 
vulnerable to high waters and flooding. Ice occurrence due 
to cold waves may lead to the suspension of navigation as 
well as accidents and damage of vessels and installations. 
As the number of hot days is expected to increase, leading 
to higher evapotranspiration in the summer, the low water 
situation may become more severe there in the future. 

 Between the Serbian-Romanian-Bulgarian border and 
Braila, there are several critical stretches with respect to 
low water occurrence. 

The risk indicator is highest in Poland and Romania where 
the traffic and population density are highest and the 
coping capacity (GDP/CAPITA) and quality of infrastructure 
are low. The high risk indicator for maintenance costs is due 
to cold waves that cause accidents.  

 

 

 

 

10



 

Road transport 

The most likely series of events to harm road transport in 
the Oceanic Region starts when the weather temperature 
drops below -0 °C or in heavy wind. Cold makes the roads 
slippery, which causes accidents, traffic jams and 
undesirable effects on traffic interoperability. Preparedness 
of the transport system to tackle the impacts of cold spells 
and snow is lower than in, e.g., the Northern Europe 
Region. Wind gusts take down trees onto roads and block 
them temporarily. Heavy wind gusts can also close bridges 
to traffic. High temperatures foster fatigue of drivers and 
can therefore also lead to an increase in the number of 
accidents.  

The fatality costs of accidents related to extreme weather 
are 1.5 billion euros annually, resulting from a large volume 
of traffic and population. 

Rail transport 

With regard to rail transport, the primary concerns in terms 
of weather events are snowfall, low temperature and heavy 
precipitation. Obstacles across railway lines, flooding, etc. 

generate the biggest impact. In some cases, cold spells can 
also impact equipment and thus lead to accidents and 
delays. These extreme weather events lead to delays in 
freight as well as passenger transport. Freight transport is 
primarily affected on long-haul routes and passenger 
transport mainly in the commuting transport. The most 
likely weather phenomena to cause disturbances in railway 
transport are heat waves and heavy wind. Wind gusts take 
down trees onto rails and cause delays. Heat waves, for 
one, cause rail track buckling, which adds to the 
maintenance costs and health impacts and even on rail 
safety. 

The risk indicators for road and rail transport are also at a 
moderate level in the Oceanic Region. Even if the 
population and traffic densities are high, increasing the risk, 
the level of infrastructure quality and the coping capacity 
(GDP/CAPITA) are also high, decreasing it. The figure also 
shows that all the affecting event chains may inflict 
accidents and delays or increase maintenance costs. The 
higher risk indicator in the UK indicates that the transport 
density is higher and the quality index of the rail 
infrastructure a slightly below the average for this region. 
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Short sea shipping 

Storms are the primary concern in this area, and there is 
considerable inter-annual and inter-decadal difference in 
storm activity, which has increased in the North Atlantic 
since the 70s. Fog, snow and rain are also disruptive 
phenomena for short sea shipping within this region. The 
northern part of the coastline of the region is particularly 
intricate and this, combined with the northern Atlantic 
Ocean weather systems and high density of shipping 
operating between the Atlantic Ocean and northern EU 
ports, increases the risk of accidents. 

An increase in storm duration and/or frequency may lead 
to port problems ranging from decreased regularity to 
increased downtime and a requirement for more storage 
capacity for use in times of closure. It could also lead to 
permanent loss of sand offshore as well as degradation of 
structures, changes in depth and under-water landscape, 
and added cost of dredging. An increase in heavy rain and 
fog in the area can affect visibility leading to slower speeds 
and disruption of operations. The English Channel 
consistently sees the biggest concentrations of accidents, 
mainly as a result of the combination of heavy traffic and 
weather conditions.  

Even if the seasonal storms hit this region, the area seems 
relatively well prepared for these phenomena. The high 
coping capacity (GDP/CAPITA) and high level of the 

infrastructure indicator of sea ports decrease the risk 
indicator, although the amount of transport is high as is the 
population density in the region. However, there is a small 
risk for delays, maintenance costs and even accidents.  

Aviation 

In the oceanic Region, the most likely weather events to 
disrupt the performance of the aviation system on the 
ground as well as in the air seem to be blizzards, extreme 
cold spells, and heavy snowfalls and wind gusts over the 
British Isles.  

As a consequence, there are various aftermaths resulting 
from these weather phenomena, such as delays due to de-
icing processes, increased fuel consumption because of 
airborne holding for arriving aircraft and even cancellations 
due to long delays and disruptions to flight plans.  

These consequences may be even more severe in this 
region as the traffic volume is estimated to be much higher 
compared with other regions such as the Oceanic Region, 
which includes Europe’s major hub airports such as London 
Heathrow, Paris Charles de Gaulle and Amsterdam. The 
analysis indicates that the highest risk for aviation is in the 
United Kingdom and Luxembourg, which both have high 
population densities and transport volumes. In the UK, the 
coping capacity (GDP/CAPITA) is lower than in Luxembourg, 
increasing the risk. 
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Road transport 

Road transport in this area is mostly affected by heavy 
precipitation and heat waves. Heavy rain can lead to floods 
and landslides, inducing slower driving speeds and changes 
in accessibility and mobility.  

High temperatures can increase accident rates, and delays 
and diversions. Increased accident rates are linked to 
impacts of heat on road users, the pavements and asphalt. 
Delays are a result of restrictions in road maintenance and 
construction. Diversions are also linked to maintenance and 
construction and result in delays due to increases in travel 
time and possible congestion impacts.  

The highest risk indicator is in Italy due to its high 
population density and high volumes of road transport. As 
the most recurrent extreme phenomenon is heat waves, 
which mostly impact the fluency of traffic and the 
maintenance costs, the risk indicator for accidents is low. 

Rail transport 

The most recurrent phenomena affecting rail transport in 
this region are wind gusts and heat waves. Wind gusts 
together with thunderstorms pose threats through 
lightning and power cuts for railways. Excessive heat results 
in buckling and heat exhaustion of the rail track as well as 
increased maintenance costs. Heavy precipitation can lead 
to landslides, and floods are also a significant phenomenon. 

In weather-related accidents and incidents, the most 
common type of consequence is derailment (about 75%), 
most often associated with heat but also with rainfall, snow 
or ice. This may also incur higher maintenance costs.  

The risk indicator is highest in Italy where the population 
and traffic densities are high. Compared with the 
Temperate Central or the Northern European Region, the 
lower quality of infrastructure and lower coping capacity 
(GDP/CAPITA) account for the relatively high risk indicators.  
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Short sea shipping 

Wind, waves and rain are the most common extreme 
weather phenomena associated with short sea shipping; 
however dust storms and heat waves may prove to have a 
much more significant effect in the future. 

The Mediterranean Sea includes three major bottlenecks 
(Gibraltar, the Suez Canal and the Bosporus) and has a very 
heavy tourist load. High traffic density areas exist, 
particularly in and around tourist areas. The through traffic 
is also heavy, with the largest volume using the main east-
west lanes between the Indian and Atlantic Oceans.  

Despite the mild climate, the Mediterranean, along with 
the Black Sea, has had the second highest EU maritime 
accident figures: over 22% of the EU accident total of 2010 
(up from 18% in 2009 and 17% in 2008). Geography has a 
significant impact on accidents. The Aegean Sea has the 
highest accident concentrations, mainly because of the 
significant volume of traffic to and from the islands, 
between the islands, and between the Mediterranean Sea 
and the Black Sea. However, it should be noted that the 
number of accidents reported in and around the Greek 

waters decreased substantially in 2010 (down 24% from 
2009 and 45% from 2008) and was the lowest reported in 
the last four years. 

The most recurrent event chain due to extreme weather 
phenomena starts from the heat waves when the 
temperature stays over 32 degrees (daily average) for a 
long time. It mostly harms cargo and staff and, due to 
reduced vitality, occupational accidents are also more 
likely.  

No risk indicator is calculated for accidents or delays. This is 
due to the most probable event chains studied, which did 
not give any signals of the impacts on delays or accidents. 
As seen, the risk indicator is high in the areas in which there 
is dense population and high numbers of passengers, such 
as Greece, Italy, Malta and Portugal. 
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Road transport 

Road transport in the Mountainous Region is vulnerable to 
flooding, snowfall, avalanches, land and rock slides as well 
as strong winds, which all cause accidents and delay travel. 
The most likely series of events to harm road transport in 
the Mountainous Region starts when the weather 
temperature drops below -0 °C. This makes the roads 
slippery, which causes accidents, traffic jams and 
undesirable effects on traffic interoperability.  

The region has a high number of accidents, which results in 
accident costs of 729 million in fatalities and approximately 
3 billion euros in total including injuries.  

The lowest indicators are in Sweden and Austria, which 
both have low population densities and transport volumes. 
In Italy, the coping capacity (GDP/CAPITA) and 
infrastructure quality are both low and, in addition, the 
population and traffic densities are high. In the countries 
between these end groups either the density of transport 

or population or the coping capacity (GDP/CAPITA) and 
infrastructure quality have an impact on the risk indicator. 

Rail transport 

The most likely series of events to harm railway transport in 
the Mountainous Region seems to start for different 
reasons. The heavy rain causes flooding and landslides, 
which can damage the railways and even cause serious 
accidents. Snowfalls may cause delays and heat waves may 
cause rail track buckling and add maintenance costs. 

The lowest indicators are in Sweden and Austria, which 
both have low population and transport densities. In Italy 
and Romania, the coping capacity (GDP/CAPITA) and 
infrastructure quality for railways are both low and, in 
addition, the population and traffic density are high. In the 
countries between these end groups, either the density of 
transport or population or the coping capacity 
(GDP/CAPITA) and infrastructure quality have an impact on 
the risk indicator. 
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Aviation 

Aviation is sensitive to extreme weather events such as 
wind gusts, snowfalls and cold waves. The most likely series 
of events to harm aviation in the Mountainous Region 
seems to start from snowfalls or wind gusts. Both cause 
delays to operations and, in addition, snowfalls add 
maintenance costs.  

These extreme weather events have significant influence on 
the performance at airports such as Zurich and Munich. In 
consequence, delays and cancellations may increase, i.e. 
the time costs for this region are high. 

The lowest risk indicators for aviation are in Sweden and 
Austria, which both have low population densities and 
transport volumes. In Italy and Romania, the coping 
capacity (GDP/CAPITA) and infrastructure quality for 
railways are both low and, in addition, the population and 
traffic density are high. In the countries between these end 
groups, either the density of transport or population or the 
coping capacity (GDP/CAPITA) and infrastructure quality 
have an impact on the risk indicator. 
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In this last chapter, the relative, specific transport mode 
risk indicators are presented for different European 
countries. This gives an outlook on the risk situation in 
different parts of Europe. As mentioned earlier, the factors 
that affect these indicators are 

• probability of the most recurrent extreme weather 
events (hazard indicator) 

• quality of infrastructure 
• traffic density 
• population density 

• coping capacity (gross domestic product per 
capita, adjusted for purchasing power) 
 

On the basis of these factors, the good quality of 
infrastructure and high GDP/CAPITA reduce the risk 
indicator, whilst high probability of extreme events, dense 
population and high amount of transport increase the risk 
indicator.  

In the below charts risk indicators for delays are given 
separately for each traffic mode. More results regarding 
accidents and infrastructure management can be found in 
the original deliverable mentioned in the Introduction 
chapter.  
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