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1

The WEATHER project

1.1

Structure and objectives

The WEATHER project
Records of reinsurance companies clearly highlight the rising damages caused by
natural disasters and extreme weather events, which can at least partly be attributed
to climate change. While many studies focus on CO2 mitigation in transport, research
on the vulnerability of the sector on climate driven effects, namely extreme weather
events, has only recently emerged. Little knowledge has so far been developed on
the economic costs of climate and extreme weather driven damages to transport, and
even less evidence is available on the options, costs and benefits of adaptation
measures. Thus, there is a need for European studies to address local conditions.
Against this background/In view of the above the WEATHER project aims at analysing the economic costs of more frequent and more extreme weather events on transport and on the wider economy and explores the benefits and costs of suitable adaptation and emergency management strategies for reducing them in the context of
sustainable policy design. The research is carried out by an international team of
eight European institutes:
1.

Fraunhofer-Gesellschaft zur Foerderung der angewandten Forschung e. V.,
represented by the Fraunhofer Institute for Systems and Innovation Research
ISI, Karlsruhe, and the Fraunhofer Institute for Transportation Systems and Infrastructures IVI, Dresden

2.

Centre for Research and Technology Hellas (CERTH), Hellenic Institute for
Transportation (HIT), Thessaloniki

3.

Société de Mathématiques Appliquées et de Sciences Humaines (SMASH),
International Research Center on Environment and Development (CIRED), Paris

4.

Karlsruhe Institute of Technology (KIT), Institute for Industrial Production (IIP)
and Center for Disaster Management and Risk Reduction Technologies
(CEDIM), Karlsruhe

5.

Institute of Studies for the Integration of Systems ISIS, Rome

6.

Herry Consult GmbH, Vienna

7.

Agenzia regionale per la Prevenzione e l'Ambiente dell'Emilia Romagna
(ARPA-ER), Bologna

8.

Panteia-NEA Transport research and training, Zoetermeer

The project ran for 30 months from November 2009 until April 2012. The WEATHER
project is funded by the 7th RTD framework programme of the European Commission
and is supervised by the Directorate General for Research.
1
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Objectives
This report constitutes the last out of seven deliverables of the WEATHER project. It
pulls together the knowledge which was generated over the past 30 months of project work across the very different work packages and approaches which had been
elaborated. This document reviews the material which was generated by project
partners, the valuable contributions from the international panel and the project advisory board as well as the results of the final project seminar, which was held in Athens, April 23rd 2012. Out of this rich material plus insights gained from other research
the document concludes with targeted recommendations for several stakeholder
groups and public bodies.
The report thus addresses policy-makers and practitioners as well as researchers
and the interested public. We have tried to formulate our findings in a generally understandable fashion. In case more details are required we kindly refer readers to the
WEATHER project website at http://www.weather-project.eu. Here all reports are
available and contact details for project partners can be obtained.
Structure
According to the content of our work the report is structured in five parts. The chapters of this report contain the following:
• Chapter 2 opens the topic by highlighting some of the key findings of meteorological models both on the European scale and for a specific case study of Northern
Italy. The results are taken from WEATHER deliverable 1 (Przyluski et al, 2011).
Chapter 3 then goes across all parts of the project relating to the threat caused by
weather extremes to transport systems. We take a look across the damages impacting transport systems and their likely development in the coming 40 years. Finally a look to the wider economic impacts completes the picture of transport sector vulnerabilities with respect to extreme weather events. More detailed results
are given in WEATHER deliverable 2 (Enei et al., 2011 and deliverable 1 (Przyluski et al., 2011).
• Chapter 4 deals with issues associated with crisis and emergency management.
The contents of WEATHER deliverable 3 (Papanikolaou et al., 2011) is summarised by addressing the main actors and policy levels.
• Chapter 5 then draws on the results of WEATHER Deliverable 4 by looking at adaptation strategies. The results are grouped by activity field, i. e. spatial planning,
infrastructure maintenance, vehicle technology and fleet operation. Closely linked
to that, Chapter 6 formulates potential policy strategies by looking at the relevant
actors, types of policy action and the role of innovation.
• Finally, Chapter 7 draws together the findings of the WEATHER project, its seminars and in particular the final conference to formulate general recommendations
to RTD funding, transport industry and to different policy levels.

2
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Within this report the results of the six WEATHER case studies and the contributions
of the international panel are embedded in the form of thematic boxes where appropriate. These sources of site-specific and targeted information are summarised in
Figure 1.

Figure 1:

1.2

International Panel Contributions and WEATHER European Case
Studies. Source: Fraunhofer ISI

The EC Research Cluster on Climate Adaptation

The WEATHER project is embedded in a series of parallel studies on transport and
climate change. These are the sister project EWENT (Extreme weather impacts on
European networks of transport, ewent.vtt.fi), ECCONET (Effects of climate change
on the inland waterway networks, www.tmleuven.be/project/ecconet) and GHGTransPoRD (Reducing greenhouse-gas emissions of transport beyond 2020: linking
R&D, www.ghg-transpord.eu). The European Commission has organised two cluster
meetings for discussion between the projects and project partners bilaterally exchanged ideas and insights during and after the project lifetimes. Joint activities included a common seminar at the 2012 TRB conference in Washington DC and the
mutual attendance at workshops and the final project conferences.

3
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1.3

The WEATHER Final Conference

The objective of the WEATHER final conference was to effectively disseminate the
results of the WEATHER project and to promote a wide adoption of its results to the
scientific community, policy-makers, public administration and transport professionals
at a European, national and local level. Through presentations from the project team,
from the project’s International Panel of Experts as well as from external speakers,
insights into the new developments concerning the assessment of costs and impacts
of extreme weather on the transport sector were provided and efficient adaptation
strategies to cope with these impacts were proposed. The conference conveyed the
three major streams of the WEATHER project, namely impacts, costs and adaptation
options of weather extremes.
Key findings and solutions in three thematic blocks were highlighted, namely:
•

Damage accounting

•

Adaptation policies

•

Specific Cases

The full presentations plus a conference summary note are available at the weather
website at http://www.weather-project.eu/weather/inhalte/Final-Conference.php.
Based on the contents of the presentations and points of discussions raised during
the three sections a panel discussion was held at the end of the conference. Its aim
was to collect important aspects – also from outside Europe – as a base to indicate
the issues to be tackled by politics, the transport sector and further research. The
result of the discussions was utilised to formulate the final WEATHER project recommendations in Chapter 7 of the report.

4
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2

Climate and meteorology

2.1

What are the relevant weather and climate trends

Climate and weather are partly large-scale global and partly very local phenomena.
Global implications of changing climate include shifting air temperature ranges or sea
levels. These changes are rather well understood by climate models, but they can
lead to very different changes in weather patterns on the local scale. As regional
weather variability is triggered by a large variety of factors it appears quite challenging to conclude from large scale climate changes to changes of weather patterns in a
specific area. As in the WEATHER project we need information on future weather
conditions across all of Europe and as we intend to demonstrate what that means for
local areas, a dual approach was applied:
1. A European scenario was established based on the IPCC’s A1B projection and
the corresponding results of the ENSAMBLES project.
2. In a second step a demonstration case for the technique of Statistical Downscaling (SD) was applied to the Emilia Romagna region of Northern Italy.
European scenario
The synthesis of climate change scenarios of temperature and precipitation over
Europe considered the periods 2021 - 2050 and 2071 - 2099 with respect to 1961 1990. The projections referred to seasonal mean temperatures and total amounts of
precipitation, as well as to extreme events of temperature and precipitation based on
percentile thresholds (10th and 90th percentile). In order to reduce uncertainties, a
multi-model approach across several RCMs from the Ensembles project (Van der
Linden, 2009) has been applied.
The changes projected in annual mean air temperature over Europe (A1B scenario),
vary between 0.5 and 2 °C, for the period 2021 - 2050 with respect to 1961 - 1990.
The magnitude of changes is greater towards the end of the century, namely for the
period 2071 - 2100, when the annual changes of mean air temperature could reach
3.5 - 4 °C with respect to present climate 1961 - 1990. Summer is the season with
“higher” changes, as concern mean and extreme temperaturen at the European level
in both period 2021 - 2050 and 2071 - 2099, the pattern of “warming” being more
intense during summer over the Mediterranean area, where the projected increases
in temperature could connect also to an increase in the heat wave duration index.
Also, an important signal of changes, mean and extreme temperature, are projected
for the Scandinavian Peninsula especially during winter and autumn. For example,
during winter the projections for the period 2021 - 2050 show an increase in the 90th
percentile of the mean air temperature around 4 °C, while the rest of Europe is ex-
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pected to have an increase in winter 90th percentile of the mean air temperature
around 2.5 °C.

Source: van der Linden and Mitchell (2009)

Figure 2:

The Ensembles probabilistic projections of WINTER 90th percentile of precipitation (a) during the period 2080 - 2099 and
SUMMER 10th percentile of precipitation (b) but for the period
2040 - 2059 under the A1B emission scenario

Regarding the changes in precipitation, the simulations of annual amount of precipitation over Europe produced by regional climate models show a possible increase of
precipitation over the north of Europe and a decrease of precipitation in the south of
Europe, during the period 2021 - 2050 with respect to 1961 - 1990, scenario A1B.
The same configuration of changes but more intense is projected also towards the
end of the century, namely for the period 2071 - 2100 with respect to 1961 - 1990,
with a pronounced decrease of up to 20% in annual precipitation, especially in the
Mediterranean area. Looking in detail at seasonal levels of extreme precipitation, the
results show a significant increase in 90th percentile of precipitation especially during
winter and for the period 2080 - 2099 with respect to 1961 - 1990 (scenario A1B),
more pronounced over NE Europe (between 60 - 80%).

6
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Source: van der Linden and Mitchell (2009)

Figure 3:

Winter (a) and summer (b) precipitation changes (%) over Europe
for the period 2071 - 2100 with respect to 1961 - 1990, under the
A1B scenario, multi-model Ensemble Mean of RCM simulations.

Local impacts – pilot area Northern Italy
A statistical downscaling method (SD) has been developed, in order to estimate future changes in temperature and precipitation over the pilot area of Northern Italy, at
station level for the periods: 2021 - 2050 and 2071 - 2099 with respect to 1961 1990. The SD is a multivariate regression model based on Canonical Correlation
Analysis. Observed data at around 75 stations that measured minimum and maximum temperatures and around 90 stations for precipitation have been used for implementation.
The climate change scenarios of seasonal minimum and maximum temperatures
estimate an increase of temperatures over Northern Italy in all seasons, during both
periods. This is around 1.5 - 2°C in the mean value of seasonal minimum and maximum temperatures, during the period 2021 - 2050 with respect to 1961 - 1990, A1B
scenario. The increase is more intense towards the end of the century and especially
during summer, when values around 3.5 - 4°C can be reached. An important signal
of change has also been found in the 90th percentile of the summer maximum temperature: the 10 percent hottest days will be around 7°C hotter compared to 1961 1990. In order to better understand the effect produced by the projected changes in
minimum temperature, projections of the number of days with a minimum temperature below 0°C (frost days) and the number of days with a maximum temperature
below 0°C (ice days) have been constructed for both periods at station level for the
Emilia-Romagna region. The results emphasise a decrease in the number of frost
days during winter, spring and autumn in both periods 2021 - 2050 and 2071 - 2100.
The decrease is more pronounced in the second period and especially during winter,
when the number of frost days could decrease up to 35 days with respect to the present climate.
Concerning the scenario of seasonal precipitation, the pattern of changes is complex,
different from season to season and over N-Italy regions. The projections give a clear
signal that during summer, especially towards the end of the century, a reduction in
precipitation around 40 - 50% must be expected over Northern Italy.
7
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Scenario A1B (2071:2099-1961:1990)
Ensembles Mean -Tmax, N-Italy

Scenario A1B (2071:2099 -1961:1990)
Ensemble Mean (EM) Tmin , N-Italy
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Source: Pryluski et al, 2011

Figure 4:

Ensemble probabilistic projections of winter minimum temperature
(a) and summer maximum (b) temperature over N-Italy (mean
over the stations) during the period 2071 - 2099 with respect to
1961 - 1990, under A1B scenario

Case: Snow blizzard on Alpine roads, 2004
On January 29th 2004 the Northern Italian region of
Tuscany was hit by a convective type snow blizzard
between 10:00 h and 20:00 h. It was caused by the
coincidence of a zonal flux stream at Mediterranean
latitudes, the reinforcement of a temporary anticyclonic
block close to Greenland caused an intense jet stream
moving towards the western part of the Mediterranean
sea, a trough centred over the North Sea, its deepening
over the Mediterranean sea and the flux interaction with
the alpine barrier creating a low pressure over Genoa.
The main damages caused by the event were related to
traffic disruptions on the main regional roads and on the
A1 highway with its large share of freight traffic. A major cause for traffic interruptions were
trucks which were not properly equipped with chains and driving too fast when joining the
motorways. The study concludes that the situation became critical due to an initial underestimation of the weather situation.
The main long-term adaptation strategy after the heavy snowfall was the foundation of the
National road system coordination centre “Viabilità Italia”, a technical and administrative body
which has to decide on the operational actions to prevent and manage road system emergencies caused by severe meteorological and other events.
Source: Maurer et al. (2012)
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3

The Vulnerability of Transport Systems and the
Wider Economy

3.1

How did we measure vulnerability?

Evidence from literature
The review of international literature on the topic of impacts of extreme weather
events on transport leads to a substantial number of publications, which are primarily
issued in North America and the Pacific area. With Gardiner et al. (2009) for New
Zealand, TRB (2008) for the U.S. and Lemmen and Warren (2004) for Canada,
transport-specific national inventories on the vulnerability of transport systems to climate change have been carried out. An overview of US literature on the topic by
Koetse and Rietveld (2009) reveals that sea level rise and its consequences on the
frequency and intensity of storm surges is currently receiving the most attention.
Bridges are a particularly vulnerable element of surface transport facilities. According
to a review of damages by Hurricane Katrina (Padgett et al. 2008), repair and replacement costs above $700 million are accounted for, $550 million of which are attributable to two single assets near St. Louis.
To date, comprehensive studies for Europe are still missing, and the European
Commission’s White Paper on climate adaptation in the EU (EC 2009) does not explicitly address the transport sector. However, some specific studies can be found at
member state level, including Saarelainen (2006) for Finland, Bengtsson and
Tómasson (2008) for Icelandic roads and Lindgren et al. (2009) for Swedish railways.
In some of the larger EU member states, including Germany, France and the UK,
general adaptation programmes are under way and some of these address transport
as one of several sectors. While the topic of weather extremes gains attention in
Central and Northern Europe, no adaptation programmes or internationally acknowledged studies exist for the southern and eastern part of the Union. Most notably,
studies addressing Europe as a whole had been missing prior to the launch of the
EC-funded research projects WEATHER, EWENT and ECCONET. This may be due
to the common assumption that climate change impacts for Europe and for the transport sector in particular are manageable compared to other world regions and economic sectors (Hoffmann et al. 2009).
The General Accounting Framework
The impacts of natural or man-made hazards on the economy are manifold. Extreme
events will affect different actors, social groups or markets in different ways, involving
long- and short-term impacts caused by the deterioration of physical assets, the disruption of operations and the availability of services. Further, when leaving the assessment level of single events and turning attention towards quantifying risks, local
9
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conditions start to play a major role. The probability of extreme events occurring, as
well as the density and value of endangered assets and activities, will differ from region to region. Finally, the time dimension is of high importance, as the probability
and severity of events may change, which is certainly the case for natural disasters
impacted by climate change, and the density and value of assets and activities is
subject to steady evolution.
Valuation principles
Finally, the economic costs were derived from the physical impacts by applying the
following basic principles: infrastructure assets were assessed by current replacement costs, multiplied by the age structure of the assets. Using German data, these
are €8.7 million per kilometre for completely destroyed motorways and €2.55 million
per km for railway lines. Depending on the type of damage, a deduction of this value
was applied. Infrastructure operations were estimated at €1,000/h for police and traffic control on motorways, €5,000/h for fire brigade missions and €43,600 for operation and revenues losses per railway section. Vehicle damage costs are derived from
insurance statistics for roads, and aircraft industry reports for aviation, also considering the age structure of the vehicles involved. Vehicle operations and time delays
were assessed by average detour lengths derived from network models (see below)
and by applying values of travel time delays of around €13/h and passenger taken
from Maibach et al. (2008). The same source was applied to assess the statistical
value of human life which ranges around €1.5 million per fatality, and various degrees of injury.

3.2

What are the key messages by mode?

Dimensions of the assessment framework
These manifold dimensions make quantifying the spectrum of economic impacts of
climate change on the economy very challenging. Although we restrict the assessment here to the transport sector and weather extremes, i.e. we exclude the longterm impacts associated with constant temperature changes and rises in sea level,
numerous dimensions still need to be considered. In the subsequent sections we
have briefly outlined the main elements constituting the WEATHER economic assessment framework. In detail, we treat the main dimensions as follows.
Weather extremes
The WEATHER project considers all types of weather extremes; ranging from heat
and cold, precipitation, snow and hail, storms and storm surges to consequent events
like floods, landslides, avalanches and wild fires. Finally; these 11 basic types of ex-

10
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tremes as listed in Table 1 were classified into the four rough extremes of rain &
flood, ice & snow, storm and heat & drought.
A decisive question in this context is: What is extreme? In meteorological terms, extreme denotes conditions which differ significantly from the normal seasonal and regional conditions in terms of severity and/ or duration. In order to avoid complex geographically and seasonally differentiated threshold values for the various weather
events, the analysis applies the impact approach. According to this, conditions are
extreme when impacts or costs cannot be managed by local authorities or the affected market players, or which are reported in supra-regional media.
Table 1:

Categories of extremes and illustrative impacts

Category of
events

Events and consequences contained

Relevant regions

Relevant transport sector impacts

Ice&Snow

Frost spells
Deep snow cover
Avalanches

Central and Northern Europe,
mountain areas

Airports, roads,
rail tracks, channels

Rain&Flood

Persistent rainfalls
Hail
Flood / flash floods
Mass movements

All Europe,
particularly mountain areas

Roads and rail
tracks; inland
navigation

Storm

Extra tropical cyclones
Winter / snow storms
Storm surges

Western Europe,
coastal areas

Rail aviation operations, sea
shipping

Heat&Drought

Heat spells
Droughts
Wildfires

Continental eastern
and particularly
Southern Europe

Inland navigation,
rail and road infrastructure

Source: Fraunhofer ISI

Geographical scope: WEATHER research considers the impact of weather extremes
across the entire European Union after the extension to Romania and Bulgaria in
2007, plus Switzerland and Norway. The assessment thus covers 29 countries,
reaching from the North Pole to the Mediterranean, comprising islands, coastal regions, mountain areas and continental zones. Following the recommendations of the
PRUDENCE project (Christensen and Christensen, 2007), we have subdivided
Europe into eight climate zones: Scandinavia (SC), the British Isles (BE), France
(FR), Mid Europe (ME), Eastern Europe (EA), the Alps (AL), the Iberian Peninsula
(IP), and the Mediterranean Area (ME).
Transport markets: All transport modes with a focus on inter-regional services are
addressed. Urban transport is touched on only briefly, as the study takes the panEuropean view. Cost assessments are carried out for road, rail, aviation, maritime
11
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shipping, inland navigation and combined road-rail transport. Passenger and freight
transport are considered, but without explicitly separating the two segments.
Actors and cost categories: The study takes the actors’ view via the various assets
and activities in the transport market that can be affected by weather extremes. First,
these are infrastructure assets and infrastructure operations, which are run either by
private or public operators. Second, assets and operations of transport-operating
companies are mainly attributable to public authorities in the case of collective passenger services, while individual passenger and freight transport may largely be a
private matter. Finally, the user perspective is taken, by assessing the economic
consequences of transport fatalities and injuries as well as the monetary value of
travel delays.
Time dimension: The project starts with the analysis of current impacts and related
economic costs along the dimensions listed above. In the assessment process life
cycle costs for all related damages to long-life assets are considered; but apart from
infrastructure assets we restrict the assessment to short-term effects. Long-term
changes in travel patterns, which could arise from temperature changes in southern
areas or from modal shifts due to the constant deterioration of specific transport
chains are excluded.
Figure 5 provides an overview of the assessment dimensions for quantifying current
impacts of weather extremes on transport systems. The input data and quantification

Transport sector
observations

Infrastructure
damage costs

Infrastructure
operating costs

Insurance and
general statistics

Vehicle damage
costs

Fleet & service
operating costs

Media reports

User time costs

User health costs

Dimensions:

Analytical steps

methodology differs from mode to mode, and is described in more detail below.

Transport modes:
•Road,
•UPT
•Rail,
•CT
•IWW,
•Maritime
•Aviation

Weather categories
•Rain, hail,
•Floods,
•andslides
•Cold, snow, ice
•Heat, drought
•Wildfires
•Storms,

Climate zones

Source: Enei et al. (2010)

Figure 5:

Overview of the Vulnerability Assessment
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3.3

How were the principles applied to transport modes?

In order to quantify the current costs of extremes the assessment scheme was applied to all modes of transport with varying degrees of detail and regional scope
across Europe. The assessment methods include various approaches, ranging from
transport operator databases to media data analysis and case studies.
Road transport
The road sector vulnerability towards weather extremes builds on three pillars. In a
first step 974 damage reports from super-regional newspapers and transport undertakings in six countries (Germany, Austria, Switzerland, the Czech Republic, Italy and
the UK) from 2000 to 2010 plus operator data from Austria and the Czech Republic
were assessed and generalised using weather indices from ECA&D (2011). In a second step, the Elasticities of Extremes Model (EEM) the propagation of accident and
delay costs during heavy precipitation, snow and heat days, as well as additional
infrastructure costs under winter conditions could be derived. These were then applied to average annual ice, snow, heat and heavy precipitation days provided by the
ECA&D database (ECA&D, 2011).
Total costs found are roughly €1.8 billion annually or roughly 0.1 €-Ct per vkm across
Europe and all weather categories. Of these, 35% relate to infrastructure damages
by heavy precipitation and floods alone and winter and flood consequences together
create roughly 80% of annual mean costs.
The vulnerability assessment of urban public transport has been focused on two
major flood events in Eastern Germany: the Elbe flood in 2002 costing €333 million of
which €83 are attributable to infrastructure reconstruction costs in Dresden and €230
million are reported for metro restoration in Prague and the flood in the summer of
2010.
Rail and intermodal freight transport
The literature on railways and climate change concentrate on impacts of longer and
more extreme heat periods on track conditions and resulting impacts on operations
and users (Baker, 2010). The heat wave in the summer of 2003 alone caused 127
buckles and 130,000 delay minutes above average, costing the UK. €m1.8. Additional problems can be caused by frozen points, and damaged rails due to tension
cracking. The assessment of European media and transport sector data lead to
€m7.0. per heavy precipitation event, €m45 for permanent rain with flooding, €m0.9
per thunderstorm, €m2.5 per winter storm and €m5.6. per avalanche. Of the dominating rain and flood costs 40% are attributed each to infrastructure assets and to operations, while the remaining 20% are borne by users through delays.
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Intermodal freight transport is affected less by weather extremes due to the heaviness of the infrastructures, but impacted more due to the inflexibility of the system.
The extreme weather events potentially affecting intermodal transport are flooding,
landslides, avalanches, to the extent that they cause delays in operations or interruptions in transport services. The assessment of intermodal transport vulnerability to
climate change and extreme weather events leads to €m6.8 p.a. borne by infrastructure managers (57%) and social actors (43%), i.e. the overall cost for the society due
to additional accidents costs.
Aviation
The assessment of weather consequences to the aviation sector concentrates on
the impact of airport winter maintenance and on accidents and delays to airlines and
passengers. Input data was provided by EUROCONTROL’s customer database
(Onesky Online 2011) and EASA (2010) and were accompanied by information from
media sector documents. The most affected actors are airlines and air passengers
through delays, bearing 70% of the estimated €360 million total costs per year. Further 27% are attributed to aircraft damages and user health and life impacts in the
course of weather-inflicted accidents. From a regional perspective the most penalised area is Western Europe, and in particular the North Sea coast (including the
British Isles).
Waterborne transport
Maritime transport studies commonly deal with the long-term effects of climate
change. The most severe consequences arise from storms/hurricanes, followed by
heavy rains, high wind speeds and, sometimes, hail, causing different kinds of damage, from infrastructure destruction to the impossibility of accessing the port, and
extreme frost periods and icing, causing a temporary blockade of the port activities.
The estimation process focuses on short-term costs from extreme events for two
case studies for the winter storm Kyril in 2007. The damage of the container ship
MSC Napoli in the English Channel caused estimated costs of €m3,060. Total costs
of the disruption of the Stena Lines connecting Rosslare in Ireland and Fishguard on
the UK cost approximately €482,493, with the main costs attributable to a drop in fare
incomes of €180,754.
The extreme weather events that have the biggest impact on inland waterway
transport are floods, causing high water levels and possibly resulting in a lack of
bridge clearance and, if critical values are exceeded, in a disruption of traffic. Drought
periods cause low water levels and result in lower load factors, lower speeds, more
fuel consumption and possibly traffic disruptions (in particular for bigger vessels) and
finally ice causes severe delays or a blockade for the inland waterway vessels. Cost
estimates have been performed for the Rhine and its neighbouring rivers based on
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gauges and reports on ice days. Illustrative economic costs for floods in the Kaub
area are estimated at €m29.2 from 2003 to 2010.

3.4

How critical are certain parts of transport networks?

The criticality of networks was assessed for the road networks of Germany,
Greece and the Netherlands, reflecting very different European transport environments. The method application is based on data sets from the European transport
model TRANSTOOLS, using the VISUM model for network flow assignment. The
simulations show that in the first place the non-availability of access links to the major
national agglomerations is most critical. In second order, cutting off major transnational trunk roads leads to high costs of detours. But in general it can be concluded
that the vulnerability of the dense European road network is limited due to a high
degree of redundancy. This will look different for the rail, air and particularly inland
navigation networks, which are less dense and / or services on them are highly interconnected. The criticality results for Greece are plotted in Figure 6 below.

Source: WEATHER Deliverable 2 (Enei et al., 2011)
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Figure 6:

3.5

Criticality assessment for the network of Greece

How vulnerable is transport now and in 2050?

Total costs 1998 - 2010
In terms of cost assessment, the following table provides an overall picture at EU
level of the cost assessment of the weather extreme events by transport mode, type
of stakeholder involved and type of extreme event considered. The total costs
amount to about €2.5 billion yearly.
Generalization of extreme weather events costs for the European transport system
(annual data in € m)
Table 2:

Annual total costs 1998 - 2010 (€ billion)

Extreme weather event

Storm

Winter

Flood

Road (1)
Rail (2)
Maritime (5)
Intermodal (6) (7)
Air (8)
Road (1)
Rail (2) (3)
Intermodal (6) (7)
Air (8)
Road (1)
IWW (4)
Rail (2)
Air (8)
Intermodal (6) (7)

Heat&drought Road
Total

Vehicle
Infrastructure Infrastructure Vehicle
Assets Operations
Assets (m€)
Operations
(m€)
(m€)
(m€)
76,10
22,60
5,10
1,40
0,07
12,05
2,10
17,98
0,53
53,80
34,30
248,80
126,30
81,30
12,50
0,04
3,38
0,21
11,20
12,00
57,70
630,10
21,90
24,40
30,01
103,66

111,60
3,20

26,50

0,32

Health &
User
Life
Time
(m€)
(m€)
63,00
5,90
6,28

0,21
64,60
1,90
93,70
21,50
4,87
67,30
29,60
0,20
0,10

174,10
18,39
20,08
1,25
154,80
759,30
5,02
0,42
147,40
821,61
4,87
282,55
59,50
0,42

46,90
270,63

46,90
2496,60

38,40
125,50
1,60

(1)

1059,82

182,00

308,92

180,39

Total
(m€)

494,84

0,72
28,30
164,90

(1) Average year 2000-2010.
(2) Average annual data 1999-2010
(3) Avalanches, winter storms and extreme heat events not included
(4) Average annual data 2003-2009, service providers costs
(5) Average data hurricane Kyrill 2007 from case studies, freight transport
(6) Average data 2009 freight transport without AT, CH, I, CZ, DE (already included in Rail)
(7) Including extreme temperatures (heat)
(8) Average annual data

Source: Enei (2010)

As suggested by the several footnotes to the table, the cross-modal comparison of
extreme weather events related costs is subject to several caveats. For road, rail, air
and combined (freight) transport average annual values are presented, while for
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maritime shipping and inland navigation only specific case studies have been assessed.
Furthermore, and most significantly, in some cases the annual estimation is the result
of the generalization at EU level of cost estimations available for given countries,
using specific parameters and variables (traffic flow, number of containers, etc), i.e.
for the road and rail sectors, intermodal transport (freight) and air transport; in other
cases the generalization has not been possible, as for waterborne transport (inland
waterways and maritime). When the generalization has not been possible, a certain
downward bias in the final results must be taken into account. And even when the
generalization has been possible, a certain downward bias is still possible due to lack
of information, as for the costs suffered by the rail transport system because of extremely cold days.
On the other hand, the table shows that of the € 2.496 billion of total costs, about
97% are related to the transport modes for which the generalization at EU level has
been carried out: road, rail, intermodal freight transport and air transport, whose total
extreme weather related costs amount to € 2.413 billion. This implies that the trends
and the conclusions drawn below can be considered representative of the impacts
suffered by the overall European transport system.
In general, infrastructure assets and operation account not surprisingly for the higher
toll: 50% of the total costs (43% asset and 7% operations). The literature review has
in fact stressed the fact that the most relevant implications arising from climate
change concern planning, design, construction, operation, and maintainance of
transport infrastructure (TRB, 2008). But also the burden suffered by users (due in
particular to congestion and time losses to citizens and transport users) is quite relevant (about €450 million per year, corresponding to 20% of the total costs). The
health costs amount to 12% of total costs, corresponding to €270 million per year.
Hot spots under current climate conditions
Deliverable 4 (Adaptation Strategies) of the WEATHER project (Doll et al., 2011) has
identified the most critical parts of European transport networks and operations by
applying a simple set of indicators. These are the average damage costs borne by a
unit of traffic performance, measured in passenger kilometre equivalents (pkm-eq.).
Considering infrastructure and vehicle capacity demand this is computed by pkm +
0.3 tkm for land transport and pkm + 10 tkm for aviation. The results for road, rail and
air transport are plotted in Figure 7.
Road and Rail infrastructures are mainly endangered by storm surges in coastal
regions, flash floods and land slides in mountain areas, general floods across all
Europe and winter conditions in Mid Europe and the British Isles. Above all, in combination with bad maintenance, high or low temperatures (especially changes be17
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tween below and above zero degrees Celsius) cause damages to roads. Events like
landslides, heavy rainfall, storms and snow mostly cause operational difficulties due
to cleaning measures. In summary, impacts are highest in mountain areas due to the
high values of infrastructures and the difficult geometries for water and mass movement run-off paths. However, concerning rail networks in the UK and in Eastern
Europe with old and partly under-financed networks in combination with harsh continental climate conditions is by far most vulnerable (compare EWENT Deliverable 6,
Nurmi et al., 2012)
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Source: Trinks et al. (2012)

Figure 7:

Average damage costs 1998 - 2010 (€/1000 pkm-eq.)
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Case: Flooding of the Vienna-Prague rail link 2006
In the last week of March and the first weeks of April
2006 many flood events were observed in Austria and
in the Czech Republic due to thaw and deposit. This
thaw, combined with heavy rain at the end of March
and the beginning of April in the north and east of Austria, lead to several flood events. Consequently, the
important railway line from Vienna to the North (main
connection to Brno, Prague, Berlin and Poland) had to
be closed due to enormous damage on the infrastructure and to the railway station of Dürnkrut.
The line was completely closed for a distance of 19 km due to reconstruction works for eight
weeks. Only one track was opened for another six weeks. Normal bidirectional operations
were only started several months after the event. For six days also the parallel express road
B49 had to be closed to restore flood damages. The direct damage costs for reconstruction
amounted to €43 million, of which €13 million were spent on the rail station and €26.5 million
on the railway line. Assets were not insured at all.
For future occurrences it is recommended to maintain protection systems better, to maintain
the high level of co-ordination among agencies and to provide timely information for operators
and customers on the condition of the system and how to react.
Source: Maurer et al. (2012)

Airports are mainly penalised by fluctuating annual weather patterns in central
Europe and the British Isles. Inland Waterways depend on navigable water-levels.
Thus, droughts and (flash) floods are one main danger to the normal status of the
infrastructure. Storms and storm surges may also influence the operability of inland
waterways. Another issue is ice due to long frost periods. The Maritime sector
mainly depends on the operability of the ports, which is reduced by storms, floods
and storm surges as well as long frost periods and snow.
The results found by the WEATHER study amount to 0.1 €-Ct. per passenger car
kilometre on European roads or roughly 30 €-Ct per air ticket. These are far below
the costs for infrastructure provision and maintenance, system operation or climate
gas emissions. The current results acknowledge that there are considerable total
costs, which are even more dramatic when looking at single large events. But they
also reveal that the policy priorities should be on mitigating GHG emissions and on
easing the burden of world regions, which are more vulnerable than Europe and
which have less economic resources to cope with the consequences of climate
change.
Hot spots 2040 – 2050
Based on these results of the economic transport-sector assessment framework and
its application in WEATHER Deliverable 2 (Enei et al., 2011), forecasts of vulnerability measures are generated using EWENT Project forecasts of extremes (FMI, 2011)
in conjunction with transport sector projections from the GHG-TransPoRD and iTREN-2030 projects (Schade et al., 2010). These indicators are provided by mode
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and region and are linked by assumptions on average cost elasticities with respect to
the frequency of extremes and the density of transport demand.
In order to project the intensity of weather extremes in the coming four decades results derived from six RCM models, run done by the ENSEMBLES project (van der
Linden, 2009) and described by the EWENT project, are used. Transport volumes
were available in passenger and ton kilometres for cars, buses, trucks, freight and
goods trains and aircrafts from 1990 to 2050 from the GHG-TransPoRD reference
scenario. The cures indicate clearly that Europe will grow at different speeds, led by
the transformation countries in Eastern Europe (EA), while the mature markets with a
poor demographic outlook in mid Europe (ME) almost stagnate. The ASTRA model
does not provide infrastructure values in terms of capital bound in durable assets.
Thus, we estimate this to grow by between 50% of demand in the road and air networks with partly tight capacity to 25% of demand in rail. In the latter case we assume that through operative processes much demand can be absorbed without the
need to carry out huge investment programmes.
To link forecasts of extremes and transport projections cost elasticities have been
estimated. The cost elasticities (Eta) are chosen on the following assumptions:
1. Winter impacts cause massive costs mainly at their onset (Eta=0.5)
2. Rain, flood and storm events: accommodation effects are less likely (Eta=0.8)
3. Heat periods start causing costs to operators and users (Eta = 1.5)
The additional costs in rail transport will be the most publicised?, followed by air and
road. The most suffering user groups are, against intuition, not infrastructure operators but train operators and passengers. In the forecast period 2040 to 2040 they
face nearly double the damage costs they are bearing currently.
Despite the general increase in burdens, however, there will also be winners of the
changing climate. These are, not surprisingly, those suffering from heavy winter conditions. These are largely transport infrastructure owners and rail operators in Alpine
regions and Scandinavia. Reduced severity of winters in countries with traditionally
high volumes of snow may, on the other hand, reduce preparedness in these countries and increase winter maintenance costs. Also when regarding the development
of average damage costs per pkm-eq., rail operations in France and the UK appear
to be most vulnerable in future terms to changes in weather and climate patterns.
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Source: compilation from Przyluski et al. (2011)

Figure 8:

Average damage costs 2040 - 2050 (€/1000 pkm-eq.)

When breaking down the damage cost estimates of €2.4 million p.a. to passenger
and ton kilometres, we arrive at rather modest damage costs of extremes in the past
decade of between €0.10/1000 pkm-eq for the Mediterranean area and €0.96/1000
pkm-eq. in the Alpine region. These costs omit the impacts of more intensive heat
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waves with all consequences, sea level rise along coastal zones and will most
probably rise in the coming 50 to 100 years, as the 2°C global warming target seems
to be out of reach. However, with the proposed mix of incentives and investment
measures these costs of inaction can be significantly reduced.

3.6

How significant are weather impacts on the overall
economy?

Approach towards wider economic impacts
Assessing extreme weather events impacts on the wider economy, i.e. including
other sectors than transport, is important for two main reasons. First, the overall impact of these events is still unknown, and only anecdotal evidence is available. A
more analytic analysis thus appears necessary, especially to assess the potential
impact on the economic trajectory of a region. Second, climate change may have an
impact on the future characteristics of extreme weather events, influencing their intensity and frequency.
The impact of transport interruption is a particularly interesting aspect, because of the
role of transportation of goods and persons, which makes all economic activities possible. Moreover, transport infrastructures are huge investments and are particularly
weather sensitive. Therefore, small changes in how they are designed and managed
could make a large difference in terms of total economic impacts from extreme
events. With climate change, the adaptation of transport infrastructure is a major
challenge. The purpose of the present report is to estimate the costs of extreme
events on the transport sector, and on the wider economy through transportation
indirect effects.
A particular aspect of extreme weather events is the fact that they are extremely local. As such, global climate models cannot be used to analyse future impacts.
“Downscaling” methodologies have to be developed to answer this need. The report
thus presents results from a downscaling exercise to provide the climate information
that is required to assess climate-change risks in the transport sector.
The “total cost” of an extreme event is the sum of all the costs to an economy. It usually encompasses the costs of destroyed capital, or the “direct” cost. However, during
and after a natural disaster the economy does not function normally. This remains
the case up to the completion of the reconstruction process, i.e. sometimes over
years. These perturbations, including those arising from transport interruption, cause
“indirect” costs that need to be estimated to assess the seriousness of an event. To
do so, the second part of this section investigates the downstream consequences of
transport interruption on the economy.
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ARIO is an Input-Output model, based on Input-Output tables, which particularity is to
focus on inter-industrial transmission of economic perturbations. It has been used in
various exercises to assess economy wide costs of economic disasters (e.g. Hallegatte, 2008). ARIO-T is a new version developed in the WEATHER project to account for transport capacity as a limiting factor of economic activity. In the present
exercise, extreme weather events are impacting the economy through direct losses
(i.e., capital destruction), and through transport disruption intensity and duration.
Thus, direct losses and transport disruption are input of the models, which provides
as output an estimate of indirect losses output, for each type of disaster. Transport
related indirect losses are obtained by subtracting indirect losses obtained without
transport disruption.
It is crucial to stress the simplicity of economic models that are used to investigate
disasters, when compared with the complexity of the mechanisms. Disasters are
highly heterogeneous events, which are by definition exceptional and during which
“normal” economic behaviours are not the norm. Markets are not at equilibrium, rationing is pervasive, basic needs are often at stake, exceptional solidarity in the affected population is common. With current knowledge, models are tools to understand the mechanisms, to assess the sensitivity of the cost to various characteristics
of the event or of the affected regions, to analyse possible policies to reduce the cost
of disasters. But quantified estimates remain extremely uncertain, and should not be
understood as “prediction”. Using EM-DAT to compute historical frequencies for each
type of events, one can then estimate historical annual losses as presented in Table
3.
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Table 3:

Annual losses by category of event, and the annual total (based on
EM-DAT historical frequencies)

Estimates of transport‐related
indirect costs, for three scenarios
of direct costs, in millions Euros

Type of Extreme Weather Event

Light Heatwave
Heavy Heatwave
Light Winter

Lower
0
18
0

Medium
0
19
0

Higher
0
20
0

Heavy Winter
Light Landslides/Alpine Hazards
Heavy Landslides/ Alpine Hazards
Light Flood

0
9
25
0

0,090
9
28
42

0,159
70
28
72

Heavy Flood
Storms
Total

111
129
291

121
139
359

122
140
452

Source: Przyluski et al. (2011)

Climate change can then be investigated using “what if scenarios”, by modifying the
intensity and frequency of different disaster types. This approach can provide an estimate of the impact of transport disruption on the economy, today and in the future
(Figure 9). According to this analysis – and with the care required when using numbers produced with a very large uncertainty – the transport-related costs of extreme
events are of the order of a few hundred million euros per year. Climate change
could make this cost increase significantly, but the orders of magnitude are likely to
remain unchanged.
According to Figure 9, wider economic impacts emerging from historical annual
losses range around a mean value of €359 million. This is 15% of the total annual
costs of direct transport sector losses for the period from 1998 to 2010. With a 10%
increase in intensity or frequency indirect wider damage costs may increase by 9% to
17%, for comparison: from 1998 - 2010 to 2040 - 2050 total direct transport sector
specific damage costs in road, rail and air transport are expected to increase by 20%,
which can be considered the same order of magnitude as the mean rise of indirect
costs.

25

WEATHER D7: Overall Findings and Policy Conclusions

Figure 9:

Annual direct losses due to transport related indirect costs in various “what-if” climate change scenarios

Source: Przyluski et al. (2011)

Case: Hurricane Xynthia 2010 in France
The winter storm Xynthia crossed Western Europe between
27th February and 1st March 2010. It hit the European Atlantic
coast at the northern provinces of Spain and Portugal with torrential rain driven by winds with rather moderate speeds of up
to 140 km/h. It crossed France's western coast causing a storm
surge, before losing intensity on its path through Belgium and
Germany and eventually dissipated over the Baltic Sea.
Xynthia caused 59 casualties, power outages and flooded settlements with total damage costs of €157.7 million. The most
severe impact on transport was the partial destruction of the
railway line along the Atlantic coast with a complete closure for
three months and entailed delays all over France and Northern
Spain. The Franco-Spanish border was temporarily closed, forcing more than 1,200 car drivers to spend the night on motorway service areas. High wind gusts caused significant delays
and over 1000 flight cancellations.
The emergency management during Xynthiawas lacking information on the flooding and the
combination of factors, which is usually described as “coastal events”. Combined pressure of
water on both sides of the land resulted in failure of flood defences (sea walls, dunes and
structures) of more than 300 kilometres along the coast line.
Adaptation actions taken included: the reinforcement of dykes, incentives for people living in
flood prone areas to re-locate and the drawing up of risk maps with respective building
codes. Transport is only considered by recommending the re-location of long life infrastructures to less risky areas.
Source: Maurer et al. (2012)
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4

Crisis and emergency management

4.1

Which are the objectives of crisis and emergency
management?

An introduction to emergency management
This chapter briefly describes the operational framework of emergency management
(EM) and its connection with the function of the transport system. The basic theoretical concepts of emergency management are discussed, together with pointing out
and underlining the main organisational and technological aspects that surround this
term. At the end a list of policy guidelines is proposed which has been derived from
the results of various case studies, interviews and an extensive literature review, for
achieving more efficient emergency management. Details of the approaches and
conclusions summarised here are given in WEATHER Deliverable 3 (Papanikolaou
et al., 2011)
Comprehensive and Integrated Emergency management
While the functions of emergency management have been performed for many decades by government and private organisations, only recently broader ideas about
managing emergencies have been developed. During recent years the emergency
management process has been transformed to include procedures that cover the
whole spectrum of an event or crisis, from the early phases of preparedness for an
event (planning level) to the phase of recovery (restoration actions after the event).
The promotion of this holistic consideration of the EM concept is based on a twofold
approach (Boon et al, 2002): the comprehensive and the integrated approach of
emergency management.
Comprehensive emergency management
In Comprehensive EM the emergency managers consider and take into account all
hazards, all phases, all stakeholders and all impacts relevant to disasters. In the
past, emergency management has focused primarily on response. However, the ability to respond is only one phase of Comprehensive Emergency management (CEM).
A community also must address emergencies before they occur and must share the
responsibility to aid recovery. CEM asserts that there are four integrated phases of
emergency management that aid to protect a community. As a result, current thinking
defines the following four phases of CEM: Preparedness, Mitigation, Response, and
Recovery. The four phases of comprehensive emergency management are considered having a circular relationship (Table 4).
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Table 4:

The Four phases of emergency management

The Four Phases of Emergency Management
Mitigation
Preventing future
emergencies or minimizing their effects

Includes any activities that prevent an emergency, reduce the
chance of an emergency happening, or reduce the damaging
effects of unavoidable emergencies.
Mitigation activities take place before and after emergencies.

Preparedness
Preparing to deal with
an emergency

Includes plans or preparations made to save lives and to help
response and rescue operations.
Evacuation plans and stocking food and water are both examples
of preparedness.
Preparedness activities take place before an emergency occurs.

Response
Responding safely to
an emergency

Includes actions taken to save lives and prevent further property
damage in an emergency situation. Response is putting your preparedness plans into action.
Seeking shelter from a tornado is a response activity.
Response activities take place during an emergency.

Recovery
Recovering from an
emergency

Includes actions taken to return to a normal or an even safer
situation following an emergency.
Recovery includes getting financial assistance to help pay for the
repairs.
Recovery activities take place after an emergency.

Source: FEMA, http://emilms.fema.gov/IS10/FEMA_IS/IS10/ADA0304001.htm (modified)

Integrated emergency management
The Integrated emergency management (IEM) approach recognises that there are
certain characteristics and requirements, which are common across the full spectrum
of emergencies including evacuation, sheltering, and provision of food and medical
supplies. Emergency programmes which use the IEM approach to assist national and
local officials in building capabilities in these areas as a basic foundation for planning,
response, recovery, and mitigation of hazards whether they are related to natural or
technological disasters, resources, resource shortages, or war-related national security situations.
The IEM needs to be introduced by a nationwide network of emergency management
organizations representing thousands of jurisdictions, not all confronted by the same
hazards, and not all having or requiring the same capabilities. Employing the IEM
process, therefore, requires different levels of effort by each jurisdiction and results in
the identification of different functional areas requiring attention. The process, however, is logical and applicable to all jurisdictions regardless of their size, level of sophistication, potential hazards, or current capabilities.
The overall goal of IEM is to develop and maintain a credible nationwide emergency
management capability by integrating activities along functional lines at all levels of
government and, to the fullest extent possible, across all hazards.
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4.2

Which is the link between emergency management
and transport operations?

The question that emerges at this point and after briefly reviewing the basic concepts
in relation to EM, is which are the procedures and operations that link EM to the
transport sector. One can easily understand the central role of transportation networks in case of emergencies as they constitute the type of infrastructure which is
necessary to function in order to achieve having efficient EM plans.
Specifically during major emergencies, public transportation systems can provide
specific functions and services that are identified in local emergency operations plans
(EOPs) and detailed in transportation system plans and procedures. The functions
may include (Papanikolaou et al 2011):
• Emergency evacuation of citizens from affected area(s), coordinated with local
law enforcement and other public safety agencies,
• Temporary/in-place shelter for evacuated citizens in air-conditioned/heated vehicles and stations,
• Transportation, in-facility transfer, or evacuation of populations in hospitals,
nursing homes, hospices, and other community and private facilities,
• Transportation of meals, goods, and supplies to an affected area for victims, for
emergency responders, or to support recovery operations,
• Communications support for emergency responders (using hand-held and onboard vehicle radios, alphanumeric pagers and personal digital assistants
[PDAs], cell phones, transportation dispatch facilities, and transportation communications infrastructure),
• Identification of routes and schedules to support the safe transportation of
emergency responders, public utilities and support personnel, and essential
personnel to an incident site or staging area,
• Provision of vehicles and equipment to support emergency operations and incident stabilization.
Besides disadvantageous weather conditions that affect not only road traffic but all
modes of transport, extreme weather events may cause traffic and or information
infrastructure closures. In order to ensure safe and efficient mobility, it is necessary
to monitor the states of traffic, weather and infrastructure at a high quality and to enable all stakeholders to access relevant information.
The Table below attempts to summarise all the operations - functions of “emergency
transport management – ETM” and identify the main barriers and solutions that arise
before and during the operations.
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Table 5:

The framework of ETM operation

Extreme
weather
event

Impact
to
transport
network

Emergency strategies

Before
the event

Surpass
predefined
vulnerability
thresholds

Activation of alarming
systems

Overload of
transport
network

Network
management

During
and after
the event

Overload +
infrastructure
failures
Assign
Emergency
(transport)
actions

Actions

Implementation tools

Provide
real time
information to
authorities

Weather and
traffic sensors, RWIS

Traffic
management, control, provision of
information

Provide
real time
information for
alternative solutions
/paths

ITS, GPS,
GIS, VMS,
Car2X,
ATIS, DTA
models

Infrastructure repair

Building
efficient
and innovative
mechanisms and
structures,
information flow

Standards
for cooperation and coordination
between
authorities

Network
restoration

Set up
and exe-

Evacuation, first
aid, search
and rescue
etc.

Strategic
emergency
management

Technological issues

Organizational issues

cute EM
plans
Source: Papanikolaou et al. (2011)

Conclusively, it must be stated that there are two types of aspects that influence
Emergency Transport Management operations:
Technological aspects: The use of Intelligent Transport Systems (ITS) makes it possible either to devise new strategies for network operations or to improve existing
strategies. ITS also provide a greater quantity and diversity of information, thus allowing users (motorists, commercial operators and public transport customers) to make
informed travel decisions based on such factors as traffic conditions, road maintenance or construction work that potentially impact their travel time, and weather conditions that affect the road network and safety. This information is becoming increasingly available through traditional media like radio and television and, more recently,
online via Internet dedicated tools.
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Organisational aspects: Network operations can be characterised by the involvement
of many partners in the delivery of services. Different organisations are involved in
road network operations depending on the network hierarchy (expressways, highways, urban roadways, etc.), transport mode (roadways, public transport, railways,
etc.) or the type of service (safety, information, etc.). Effective road network operations require functional, organisational, and inter-jurisdictional coordination, cooperation, integration and interoperability within a geographic region.

4.3

Which are the organisational aspects of EM?

Organizational issues of EM procedures include informational aspects of weatherrelated emergency management, cooperation aspects as well as general organisational and jurisdictional issues. In a few brief words, organisational aspects deal
with questions such as who is responsible for an operation, which is the chain of
command, how will information flow between actors be maintained and what cooperation scheme should be followed to achieve EM objectives (role sharing). Based on
a review of available studies, reports, guidelines and the results of a workshop in the
framework of WP3, the following aspects constitute the major factors for achieving an
efficient EM (Papanikolaou et al 2011):
•

Organisational and jurisdictional
9 Combine the four phases of EM planning with the basic activities of emergency transport management (ETM) with regard to extreme weather events.
9 Identification of relevant actors in emergency transport management.
9 Identification of the characteristics of weather-induced emergencies and their
implications for emergency management structures (in terms of responsibilities of different authorities).
9 Development of a framework in order to integrate meteorological risk into
emergency transport management.
9 Discussion of barriers to the integration of meteorological risk and adequate
strategies to overcome these barriers.
9 EM Organizations is important to work under emergency (and not normal)
conditions, in order to be able to surpass the difficulty to move from day-today procedures to emergency case procedures: Presentation of good practice
examples and common exercises.
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•

Information
9 Information exchange: Cooperating authorities maintain different information
systems with distinct demands and outputs.
9 Availability and role of severe weather warnings in emergency transport management.
9 Lack of estimates for the cost and benefits of weather information for transport systems (in particular road weather information).
9 The accurate description of the information flow and the roles of involved actors.

•

Cooperation
9 Inter-modal, trans-sectoral, and trans-regional cooperation.
9 Transferability of good practices and experience gained from successful
operations.
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Case: Flood of 2002 in Eastern Germany
In August 2002 an incident of extreme rainfall within the
northern part of the Czech Republic and the eastern
part of Germany due to a so-called “Vb” weather situation simultaneously caused two specific types of flood
events. First a flash flood came down from the mountains into Germany, overloaded the brooks and ditches,
and gushed into the river Elbe. That abrupt flash flood
took only several hours and was a lot stronger than
expected. It caused very heavy damages to roads, railways, bridges, buildings, energy supply, and communication systems and killed 21 people in Germany and 17
in the Czech Republic. Second, within a couple of days
a second flood disaster was set into motion by the water, which flowed on the Czech side into the river Elbe, so that the river reached an extremely
high water level in Germany. In Saxony, the traffic sector encountered damages of around 2
billion euros, with road infrastructure (1 billion euros) and rail infrastructure (0.8 billion euros)
being the largest parts. The flooding of 2002 affected all modes of transport apart from air
including roads, rail, foot paths, bicycle paths and the waterborne sector.
The flood showed that public authorities as well as the population were rather unprepared. A
major issue was the complicated communication structure which led to serious delays for
emergency services. However, everyone seemed to have learned their lesson when the event
reoccurred in 2006: communication structures have been renewed and new communication
media such as the internet are now widely used.
Source: Maurer et al. (2012)

4.4

Which are the technological aspects of EM?

The technological aspects of EM concern the identification of the most appropriate
technological equipment which will facilitate and enhance the performance of EM
managers in relation to potential extreme weather events and crises situations. The
management of extreme weather related effects on the transport sector may be facilitated by Decision Support Systems (DSS) at various levels of automation. This chapter provides an overview of the main DSS technological components which are categorised in relation to their capability for performing the following operations:
• Data Collection (of raw data streams)
• Information Processing (gain information via data analysis, -mining, -fusion)
• Information Transmission (communications, signalling, alarming etc)
The following diagram provides a schematic overview of these operations.
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Figure 10:

Overview of the data collection, processing and transmission chain in extreme weather events management for
transport
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The technologies used for data collection, information processing and information
transmission in relation to the management of extreme weather related effects on
the transport sector are summarised in the subsequent tables.
Table 6:

Data collection related technologies

DATA COLLECTION
MODES

TECHNOLOGIES
Intrusive detectors (road, rail): inductive loops, magnetic field, piezometer, pneumatic tubes, weight in motion

Traffic

Non-intrusive detectors (all modes): video, radar, passive/active infrared, LASER, ultrasound, beacon/switches, optical, microphones,
RADAR, LiDAR
Cooperative systems: Car2X, FCD, FTD, SSR (RADAR), RFID

Weather

Surface weather observation (stations, ships, buoy): anemometer
(wind speed), wind vane (wind direction), barometer (pressure), rain
gauges, thermometer (temperature), hygrometer (humidity), LiDAR
Observation of the upper atmosphere: planes, balloons with radiosonde, satellites
Scenery detectors:

Environment Surveillance

Aerial imagery (quadrocopter, helicopter, planes), satellite imagery
(visible light, infra red, radar), robots
Soil/(ground-) water detectors:
stream gauges, water sensors, piezometers (groundwater, landslide
and subsidence), extensiometers, tilt meters, creep meters, geodetic
levelling and triangulation, LiDAR, triaxial testing of soil samples

Locating of own
location, tracking
and tracing of objects, navigation

Dead reckoning (physical forces): Inertial sensors, odometry

Round trip delay time or triangulation of electromagnetic and acoustic
waves: GNSS, TETRA, WLAN positioning, GSM positioning, wireless
sensor networks, SONAR, RADAR, SSR
Source: Papanikolaou et al. (2011)
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Table 7:

Information processing related technologies

INFORMATION PROCESSING
MODES

TECHNOLOGIES

Data Mining

Image/video processing, data fusion and data quality management,
data mining techniques (statistics)

Modelling

Weather models, discharge models, GIS (incl. map matching), traffic
models

Decision-Making

traffic management system including
catastrophe management system
Source: Papanikolaou et al. (2011)

Table 8:

traffic

light/sign

control,

Information transmission related technologies

INFORMATION TRANSMISSION
MODES

TECHNOLOGIES

General
communication media

General systems based on electromagnetic waves: VHF radio communications, SMS (GSM), e-mail, rss-feed, instant messaging, websites,
UMTS, wide-band, cell-broadcast, phone, fax, TV, radio (FM, internet,
DAB, DVB), video-text, Dedicated Short Range Communications
(DSRC)
Traffic-related systems: over-road gantry-signs, traffic lights, dynamic
traffic message signs, Car2X
Non-electric systems: Poster, newspaper

Alarming

Emergency call-up (computerised dialling for emergency call-up, paging
networks), (indoor loud speakers), SatWaS, multiple alarm devices (EUproject CHORIST), Advanced Sirens systems, Car2X, common alerting
protocol (CAP, EU-Project OASIS),

Information

Information platforms for information integration (traffic management
systems, GIS platforms), public internet platforms (flood information,
traffic information, weather information and warning)
Source: Papanikolaou et al. (2011)

According to Glosh et al (2000), the automated computation indicates whether the decision making process is conducted manually or automated decision-making computer
systems are utilised to yield accurate information and achieve precise control and coordination. Therefore a critical characteristic that can be used for the categorization of
DSS is the “level of automation”. As a result, DSS with automated services could be
implemented in locations where the hazard of an emergency is bigger, since the more
automated the system is the more accurate and expensive it will be.
The other two criteria for developing a classification of DSS regarding the technological
processes the systems conduct (data collection, transmission or processing) and the
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type of service that the DSS is capable to offer. Concerning the criterion “type of service” three different types of DSS are proposed:
•

Informing systems: Concern ITS which are providing information (traffic or/and
weather) to the passengers or/and the authorities. These systems do not conduct
optimization processes and are usually systems that simply receive information
(collect data) and transmit it without further process.

•

Systems that propose solutions: These systems differ from “Informing systems”
inasmuch as the processing of information is concerned, which is conducted either
automatically or by human intervention. Obviously the systems that conduct the
“processing data” procedure automatically, are those utilised in cases with high
possibility or/and major impacts of potential emergency events.

•

Systems that manage conditions: These IT systems are able to give information,
optimise the data collected and propose “optimal” solutions as well as manage the
conditions of the transport network (traffic management). Again, whether traffic
management is conducted automatically or by human intervention, the systems are
differentiated concerning the “level of automation”.

The above classification in relation to the three aforementioned criteria is depicted in
the following “three-dimensional” table. Each one of the criteria is represented (and
further analysed) in the respective rows and columns. In relation to the ITS capabilities
and characteristics, each system can be categorised on this basis. The green / red
colour indicates whether the technological system is capable / incapable of providing
the specific process respectively and the A or/and M symbol indicates whether the
process is conducted automatically or manually.
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Table 9:

Classification method of ITS
Processes

Informing systems

A/M

A/M

A

A

A

A/M

A/M

A

A

A/M

A/M

A

A

Information

Alarming

media

Decision-Making

Modeling

Data Mining

A/M

Data transmission
General communication

Data processing
Environment Surveillance

Weather

Traffic

Data collection

A/M

A/M

A/M

A

A

A

A

Systems that propose
solutions
Systems that manage
A
conditions
Source: Papanikolaou et al (2011)

4.5

A

A

Which policies can lead to more efficient EM?

This section summarises the results and conclusions drawn from the previous sections
in the form of policy guidelines. The initial findings and theoretical conclusions indicate
that there are two main categories of aspects when considering the enhancement of
emergency management strategies in the transport sector for coping with extreme
weather events: the organisational and the technological aspects. The main policy
guidelines for the national as well as for the local level are provided in Table 10.
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Table 10:

General guidelines for policymakers in relation to EM

POLICY ISSUES
Organisational aspects

Supporting Actions /
Strategies

Cost

Implications

Assessment of hazard
and vulnerability of
transport systems (infrastructure and processes) to extreme
weather events

Risk analysis of transport
systems regarding extreme
weather events

None

More effective allocation of personnel and
equipment

Sharing responsibility in
relation to the existing
resources and needs

Organization and conduction
of common exercises, negotiation techniques between
Insignificant
authorities, role
games/simulation, group
dynamics

More effective emergency planning to
extreme weather
events and efficient
response

Promotion of cooperation between local authorities

Sign of agreements, establish communication networks
and a platform to exchange
Insignificant
best practices in weatherrelated emergency transport
management

More effective intermodal coordination
and wide-spread
knowledge about best
practices, integration
of weather data in
ETM

Enhancement of communication between the
different types of authorities (weather, traffic, civil protection etc.)

Common EU standards on
e.g. the format and content
(message standards) of
weather information and
traffic warnings

None

Easier and consistent
inter-modal, transsectoral, and transregional communication and information

Technological aspects

Supporting Actions /
Strategies

Cost

Implications

Determination of technological equipment
needed for traffic management and control

Improvement of traffic
Review and benchmarking of Implementation
management, automaavailable technological ITS
and maintetion of services, intesolutions
nance
gration of services

Examine opportunities for
Explore technological
resolving organisational bardevelopments for organriers with the use of technolisational purposes
ogy (robots, agents)

Unregistered

Easy and quick solution of organisational
issues concerning
responsibility sharing,
cooperation etc.

Source: Papanikolaou et al. (2011)

for the costs of supporting actions and/or strategies which are considered as “none or
“insignificant” in Table 10 we assume that (in the majority of the cases) they can be
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covered by the current employees, equipment and infrastructure of the respective organizations and public bodies. Thus, it is a matter of “better organization” and efficient
resource management and planning rather than investing in new assets and this is the
reason that these costs are considered to be low.

Case: Summer Heat 2007 in Southern Europe
According to the European Space Agency, Greece
experienced more wildfire activity during the summer
of 2007 than other European countries have over the
last decade (ESA, 2007). The mountainous southern
peninsula of Peloponnese was the worst affected
region, in which 68 people died, more than 1000
houses were totally damaged and a total area of
10,196 km2 was burnt. Cost estimations vary from
1.6 to 3 billion euros including fires' impacts on infrastructure, transport systems, business, etc.
The vehicular traffic was most affected during the fire
events of summer 2007. While the fires mostly destroyed forests and farmland areas, they significantly influenced traffic circulation due to various
link closures and affected the operability and functionality of the national and local road network.
Between the 24th and 27th of August, the event peaked in terms of severity and seriously affected rescue services.
In regard to the aspect of fire prevention, a series of measures have been taken in terms of
educational programmes and technical assistance from the fire fighting crew from international
and national parties. Evacuation and action plans have been developed that explicitly include
the allocation of shelter zones and centres that can accommodate civilians during emergency
situations.
Source: Maurer et al. (2012)
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5

Adaptation Strategies

5.1

What is the theoretical basis for formulating adaptation
strategies?

In addition to established concepts in climate change adaptation, new concepts have
emerged in the recent past. In particular, no-regret, safety margins, and reversible
strategies have been developed. The no-regret strategy identifies measures that provide net-benefits regardless of climate change effects, it avoids the problem of uncertainty. Cheap safety margins can be produced by including climate change adaptation
features in already pursued strategies. Reversible strategies are flexible in terms of
either heightening the efforts or postponement in case new information is available.
Good examples of reversible strategies are classic risk transfer instruments, such as
insurance.
The available policy instruments to increase the application of certain climate change
adaptation strategies are in general regulations or incentives. Regulation or governance is defined as government directives including sanctions aimed to stimulate while
incentives are accompanied by a set of prescriptions. The main characteristic of incentives is that penalties or rewards and the behaviour of the regulated parties are proportional while directives are focussed on setting up sanctions for certain behavioural alternatives. The imposed costs of regulation are allocated to different categories, such
as direct financial costs; compliance costs; indirect financial costs (substantive compliance costs); administrative costs; and long term structural costs.
Empirical evidence was found for the impact of policy instruments fostering energy efficient behaviour in transport. Out of these applications a set of high-impact instruments
in the domain of adapting the European transport system to changing patterns and
extreme weather events were derived. In line with previous findings of the WEATHER
project, a combination of information / education / training, infrastructure and social
planning / organisation have been proven to be a promising strategy. Regarding energy
efficiency in transport, 351 current policy instruments in all EU member states have
been identified in the MURE II database. Among these instruments combined instruments, legislative / normative and fiscal instruments showed the highest semiquantitative impact, i.e. the transport sector responds especially to these three types of
instruments with the targeted behavioural change. 28 of the 38 combined instruments
encompass at least information / education / training, infrastructure and / or social
planning / organisation. Approximately 73% of exclusive combinations of information /
education / training, infrastructure and / or social planning / organisation were assessed
as high or medium impact instruments. Based on the empirical results about the impact
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of applied policy instruments to foster energy efficiency in transport the following applications of information / education / training, infrastructure and social planning / organisation were derived as promising also in the context of transport adaptation:
• Awareness raising, education and information campaigns considering climate
change in planning, operating and using transport systems,
• Information / training on driving behaviour under extreme weather conditions,
• Training / education of staff,
• Incorporating extreme weather events into emergency and risk management in
transport system operations,
• Voluntary certification and labelling related to extreme weather events and reliability/safety of certain transport systems, and
• Improving the knowledge about impacts of extreme weather events on transport via
data collection and research.

5.2

Which adaptation options are available by sector?

When thinking about adapting transport systems to a changing environment one can
structure the assessment by weather hazards, by transport modes, or by the basic
elements of transport systems. As the impacts of particular hazards on transport
modes and appropriate counter measures are suspected to show similar patterns the
analysis of adaptation measures and strategies in the WEATHER project went along
the four basic elements of transport systems:
• transport and spatial planning,
• infrastructure systems,
• vehicle technology and
• passenger and freight services.
The most important messages from these four areas are summarised in turn.
Transport and Spatial Planning
Planning for weather extreme events together with timely risk-assessment constitutes
the appropriate method which should inform all policies aiming at increasing the resilience of the transport sector with a view to reducing the long-term impacts and costs
associated with climate change. In particular, special attention must be given to those
regions which are more vulnerable to climate change and those with low adaptive capacity. Although more specific information on the costs of adaptation is needed, several
studies and research projects already underline that the cost of actions addressing
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climate change (including mitigation and adaptation measures) will be much lower than
the costs of inaction over the long term.
Adaptation aims to reduce vulnerability by increasing climate-related critical thresholds
and coping ranges. One can identify two basic parameters associated with adaptation
and planning of the transport sector which are: the time horizon and the risk from
weather predictions. In the transport sector, two additional parameters which influence
the planning process are the “character of the adaptation measures” as well as the
multimodal context of planning.
Concerning the “time horizon” of the planning process, it is noted that it is in direct relation to the expenditure on adaptation actions for optimizing their net present value, i.e.
the difference between the discounted costs of adaptation and the avoided costs of
climate change. Trigger dates for adaptation actions can be established by considering
observed climate trends and future projections along with climate-related coping
ranges and critical thresholds.
Finally, it is noteworthy that climate change considerations should be integrated in the
planning process of transport using a holistic approach, emphasizing the multimodal
character of the transport system as well as the incorporation of the external effects of
transport. Evaluation of interrelationships between transport modes when dealing with
extreme events is a complex task that should be part of the analysis.
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Case: heat waves, bushfires and floods in Australia
The review of decision options of governmental
agencies in the case of extreme weather events:
codes of practice, operation and management
plans, conditional licenses and fitness for purpose
obligations pointed out that existing transportation
and infrastructure systems were not able to cope
with extreme disaster situations, despite high levels of commitment, collective effort and goodwill of
all stakeholders.
After the Victoria Bushfires the standards of road
construction and rail operations were to be ensured, a bushfire management overlay and a
State Planning Policy for bushfire-prone regions
were installed. As consequence of the 2009 heat wave railway operations network maintenance
practices and infrastructure standards were reviewed and after the recent floods in Victoria and
Queensland adaptations of infrastructure investments have been combined with awareness
raising and response plans.
It is found that post-event actions most likely result in only marginal improvements in resilience
to such events unless a systematic and structured response as recommended by the inquiring
committees is adopted. In addition to the above strategies which focus primarily on preparedness for event occurrence, is the acknowledgement that a further concerted effort is needed for
mitigation and post-event recovery in the immediate and longer term.
Source: Doll et al. (2012)

Infrastructure Technologies
A basic condition to ensure the resilience of transport infrastructures against natural
hazards is the proper installation and maintenance of existing technologies. In terms of
the road network this implies the regular update of design standards and the provision
of sufficient financial resources. The correct selection of materials and the acceptance
of related building codes require strict supervision procedures and possibly the implementation of financial consequences in case construction companies increase profits
by cheating in the construction phase. To support investors’ decision, support tools
taking into account the latest climate scenarios and technical standards should be developed.
These recommendations also hold for constructing, renewing and maintaining the rail
network. In addition to increasing preventive maintenance and vegetation control
(adaptive maintenance), a number of technical measures are identified. These include
switch protection, pile construction for buildings with technical equipment, cooling and
installation of fans to maintain passenger comfort, and the Installation of (automatic)
monitoring systems.
With regards to the inland waterway sector, important adaptation strategies for the infrastructure include the installation and maintenance of dykes along the river bank in
order to increase the flow velocity of the rivers and to avoid silting of the river beds.
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Furthermore, the minimum fairway (depth and width) dimensions of individual river sections need to be maintained, e.g. by dredging river beds. Long-term measures for the
maritime sector embrace water barriers and coastal protection structures, the relocation of routes or even ports, the restriction of building settlements in low lying areas, construction of slope-retention structures, strengthening of foundations, and raising dock and wharf levels.

Case: adaptation strategy for the Swiss Alpine road and rail infrastructure
The alpine transport network in Switzerland is
becoming more vulnerable especially during
summer and during precipitation periods. The rise
of the permafrost zone is strongly linked to climate change issues. Other natural hazards like
flood incidents are not seen as directly causally
linked to climate change. Independent to these
risks the standards of prevention and case management in the transport sector have always
been rather high in alpine zones.
The new challenge is, however, the implementation of integrated risk management approaches
with different sectors and actors. In general, the
vulnerability of the railways is somewhat higher
than in the road sector. Nevertheless, the situation for road is more complex due to the size of
the network and the different institutional levels. The dense road and rail network in Switzerland
facilitates co-modality in order to solve possible access problems during a closure of one transport mode.
The most important adaptation measures are improved planning and early detection tools, specific risk maps and classification and detailed incident management plans in case of emergency.
The need for (additional) action in the transport sector is not as high as in other infrastructure
sectors. All in all, a learning process is still taking place while elaborating and implementing the
Swiss adaptation strategy with regard to climate change issues.
Source: Doll et al. (2012)

Vehicle Technologies
In all modes, technical improvements and new materials on board the vehicles are
considered in combination with large-scale information and communication systems.
These are considered expensive but promise the largest direct and indirect benefits as
they serve several purposes, including safety, capacity and comfort.
In

road

transport,

vehicular

Communication

Systems

in

combination

with

GPS and Traffic Management Control (TMC) systems can make traffic more efficient
under prevailing conditions. Therefore the implementation of such systems, together
with the incorporation of “safety technologies” (Control Assistance, Traffic Sign Recognition) could lead to the further enhancement of the transport system adaptation in relation to extreme weather events.
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In rail transport adaptation measures are largely concerned with winter problems and
can be grouped into conceptual and system design solutions. Conceptual design includes aerodynamic train design, front design and air intakes. System design embraces measures for specific elements such as bogies, exterior equipment, WC and
water supply, couplers, etc. In addition, however, the regular monitoring of environmental conditions in vehicles and in particular in underground stations and metro tubes
are of utmost importance.
In inland navigation the main technological adaptation measures include the increase
of vessel size, the use of lighter materials in ship building and the introduction of
telematic systems. An adaptation measure for low water levels consists of making the
vessels longer and broader, with less draught. The use of new (fibre) material and
whale tale propulsion systems at the side of the ships further helps to reduce draught.
In aviation three types of adaptation strategies have been identified: New nanostructured materials can help avoiding pre- and in-flight icing and thus improve safety,
costs and environmental loads through de-icing material and airport capacity. Safety
and capacity are important drivers of ground-based next generation ATM systems connecting weather- aircraft- and ATM systems in real time.
Transport Operations
Measures suitable for strengthening the resilience of road transport and logistics include smaller measures such as new packing materials which are resistant to humidity
and cold, or a more flexible route design. In the medium to long run partnerships for
shared use of transport systems, intermodal co-operations or alternative warehousing
structures could be considered.
In the rail sector suitable operational measures include the development of integrated
strategies for weather forecasts and emergency planning, such as vulnerability and risk
maps. Furthermore, communication strategies aimed at passengers or freight forwarders and related contingency plans on reduced services and intermodal co-operations
are recommended.
The greatest challenge in the inland waterway sector is the variation in water levels.
The most effective adaptation measures include information management services and
the adaptation of fleet size. In maritime shipping a possible re-routing of shipping services and modal shifts to less vulnerable transport modes (rail) might have to be considered.
In air transport more realistic flight planning will help to minimise time losses: actual
one day weather forecasts should be fed into flight movement slot planning by ATC.
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Education and training of airline staff are further operational measures to improve the
preparedness for extreme weather conditions. Intermodal agreements (with rail operators) include cost and risk sharing models in the case of an extreme weather event and
provision for additional capacities for extreme weather conditions.

Case: Rhine shipping during the heat wave during the summer of 2003
Climate change is likely to affect the inland navigation sector in
North West Europe, and the Rhine basin is no exception here.
In view of an expected overall temperature rise in the region,
the perspective is less precipitation and more evaporation in
summers, which eventually will lead to long lasting low water
levels. The year 2003 was an extremely dramatic year for the
shipping industry in the recent decade, and it is very likely that
draughts of similar magnitude may happen more often in the
future.
In the Dutch part of the Rhine, tonne-kilometres by inland navigation decreased by 9.9%. The low water levels further led to safety issues with ships running
aground. The total welfare costs to Dutch society were estimated to amount to €393 million in
2003, mainly due to reductions in goods supply.
Long term adaptation strategies include improved traffic management (e.g. pumps at the locks),
intelligent logistics (e.g. Electronic Chart Display Information System ECDIS), innovative vessel
designs in shipbuilding (e.g. construction of wider and lighter vessels); improved infrastructure
measures (e.g. deeper and wider navigation channels).
Source: Maurer et al. (2012)

5.3

Which strategies are most efficient?

Multi Criteria Assessment Scheme
Finally, the multi-criteria assessment scheme was applied to the adaptation measures.
As they must be considered incomplete and as the assessment for single measures
depends strongly on local conditions as well as on the intensity of implementation the
measures within the four categories were grouped into two to three sub-areas. These
basically distinguish between improving information quality and availability, maintenance and investment. The analyses have shown that for all main areas (infrastructures, vehicles, service operations and planning) these sub-areas can not always be
clearly separated.
The most critical issue in the assessment process proved to be the absence of suitable
cost data for the measures. Here, cost levels relative to usual investment or operating
costs have been estimated. Benefits have been valued similarly by estimating the degree to which the weather impact is reduced. Though these classifications may be
questionable for single measures, it can be expected that the average across all measures in a sub-area yields reasonable results.
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In a possible range between 0 and 3 the MCA application denotes two groups of adaptation measures with rankings above 200: Detection and communication technologies
on board of vehicles, including car2x technologies for road, GSM-R for rail and weather
radar and control systems for aircraft and policy instruments providing incentives and
information for market participants to encourage the implementation of adaptation
strategies. The latter constitutes a pre-requisite for adaptation rather than a measure in
itself, but the indicators reveal its usefulness to foster adaptation implementation.
High scores are also obtained for all other measures under the heading vehicle technology and service operations, including intermodal co-operation strategies. These are
usually company internal and thus generate smaller side effects and are thus flexible
and feasible. Lowest ranks are given to spatial planning measures due to their low
flexibility, long and complex implementation phase and mostly limited benefits. The
results of the assessment process for the criteria costs, direct benefits (risk reduction
potential) and the overall evaluation score are shown in Figure 11. The value ranges
for all three criteria is 0 (no impact or costs) to 3 (full ris reduction or very high costs).

Figure 11:

Overview of assessment values by group of adaptation measure
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Case: shot down of the New York transit system during hurricane Irene 2010
Following two very costly events with bad crisis management, Hurricane Katrina in New Orleans 2005 and
the Boxing Day Snow Storm in New York 2010, political
leaders and transport officials’ awareness was raised,
leading to the decisive decision to shut down the entire
public transport system to protect human lives as well as
rolling stock and infrastructures. A number of lucky circumstances, such as the slow approach speed of the
storm and its arrival in New York on a weekend, fell together with the clever use of new media channels to
inform users well in advance, giving them time to prepare for alternatives.
The case has shown that the complete shut down and later re-start of the United States’ largest
metro system is technically and organisationally feasible and is well accepted by the customers.
A theoretical assessment of the decision structures using Monte Carlo techniques has revealed
that there is a high value for timely information on the storm propagation as well as on vulnerabilities and activities in the network. The report concludes by stating that system shut downs
could also be appropriate solutions for other cases where transport systems are exposed to
weather extremes.
Source: Doll et al. (2012)

Reliability of the results
The selection of measures was driven by literature reviews and single interviews with
field experts. These, however, may not be complete in all cases and have obviously not
delivered all the data needed for a proper assessment. However, across all small and
large adaptation measures we expect the errors to be balanced and information gaps
to be sufficiently smoothed.
The replacement of a detailed cost-benefit analysis by a more simple multi-criteria
analysis is possibly the largest omission of the study. The weighted criteria have led to
a ranking of measures which appears to be largely reasonable, but the results do not
permit a statement on what share of damage costs could be reduced by implementing
the adaptation strategies proposed here.
As many measures, in particular the large scale and expensive general protection
measures, reduce risks in other sectors far more than in transport, the respective costs
are difficult to allocate. If costs are allocated according to benefits, transport should
bear only a fraction of coastal or river side flood protection measures. Moreover, many
transport specific measures serve other purposes, e.g. capacity increase, comfort or
general safety, rather than the avoidance of weather-inflicted incidents and disturbances. Also in these cases only parts of the costs are to be accounted for as damages caused by weather extremes.
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For nearly all measures the scores for benefits are much higher than those for costs.
Although we do not have concrete financial numbers attached to this statement, we
can expect that the impacts of weather extremes on the transport sector could be mitigated with expenditures that are feasible for the relevant authorities. Annual adaptation
costs should thus range clearly below two billion euros per year, which are roughly the
damage costs calculated by WEATHER deliverable 2.
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6

Policy strategies

6.1

Who are the relevant actors?

The WEATHER project has carried out a review on the theoretical background and the
underlying concepts of actor analyses in general and in particular in the field of transport adaptation. Although it is far from complete, this review will help the reader to gain
a better theoretical understanding of how actors shape policy making, the underlying
factors and mechanisms driving their interactions and which are the main approaches
and tools/methods for modelling these interactions in order to be able to predict the
reactions and the behaviour of actors in respect to certain policy initiatives. The special
case of “stakeholder management analysis” allows to identify four broad categories of
actions:
• The identification of the various actors in relation to the specific field of transport
adaptation. It can be seen from the mapping of actors to policy areas that there is
not a single actor per policy field and no actor is active in only one single policy
area. Thus, co-ordination is needed for successful long-term adaptation implementation.
• The analysis of stakeholders/actors by impact and influence.
• The engagement with the stakeholders: Engagement is primarily focused on getting
to know and understand each stakeholder and is the opportunity to discuss and
agree expectations of communication and, primarily, agree a set of Values and principles that all stakeholders will abide by.
• The planning of stakeholder communications and reporting: In this step the purpose
is to use the information gathered in the previous steps in order to develop a communication and reporting plan which documents: the information requirements, the
frequency of communication and channel of communication for each stakeholder.
The purpose of this part is to take a step further towards understanding and mapping
the key players and actors in respect to transport adaptation in order to capture and
analyse their interrelationships and be able to promote and implement transport adaptation policies and measures efficiently. Within each transport mode a classification of
actors in respect to transport adaptation as depicted in Figure 12 is proposed in order
to visualise the complex interrelations between actors and to better understand the
driving forces of policy implementation in the transport environment.
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PLANNING, DESIGN, CONSTRUCTION AND
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Figure 12:

Network of actors for planning, construction, design and
maintenance of transport infrastructure

Source: Papanikolaou et al. (2011)
The relations and interactions between actors are described in a rather general way.
There is no doubt that further research is needed to understand the singularities of
each mode and to produce a specific framework for action for each transport mode. An
additional difficulty inherent to the comprehension of the transport system lies in the
fact that the way each transport mode is organised strongly varies by country. Nevertheless, a number of useful conclusions emerge from this rough and qualitative analysis of the actors involved in the transport adaptation process:
• The identification of the various actors in relation to the specific field of transport
adaptation. It can be seen from the mapping of actors to policy areas that there is
not a single actor per policy field and no actor is active on only one single policy
area. Thus, co-ordination is needed for successful long-term adaptation implementation.
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• The “interest” and “power” of all actors: Here one can conclude that a rather important measure for the promotion of transport adaptation would be the conveyance of
the concept through campaigns and informational events to users/passengers and
funding bodies, which are “powerful” actors but with little knowledge of and interest
for the topic.
• A first mapping of the objectives that could lead to the identification of “conflict areas”. An example could be the promotion of a legal framework for the adoption of
adaptation measures in a strictly private environment (private terminal managers
and operators).
• Initiation of policy measures: The best examples and practices should come from
publicly controlled terminals and transport operators since the private sector is more
reluctant to get involved in policies with long-term planning.
• Finally, another useful conclusion concerns the need to motivate the politicians (EU
and national level) in combination with informing the private sector (industry – ICT
providers).

Case: desert roads and Christchurch earthquake management in New Zealand
Interestingly, travel times and accident costs
(in the wider area) declined when the Desert
Road was closed, but large costs were associated with people choosing not to make trips.
Various mitigation strategies were proposed
or are in use. The most noteworthy is probably a snow and ice management system
which integrates data from weather stations
and sensors embedded in the road surface.
The Canterbury Earthquakes were chosen as
a second example demonstrating local decision making after extreme events. More than
50,000 road surface defects were reported
after the earthquake. The total cost of all repair and reconstruction activities in Canterbury is
estimated at roughly 30 billion NZD, with repairs of civilian infrastructure including roads costing
2 billion NZD. Christchurch City Council temporarily removed cycle lanes to reduce traffic congestion and is also proposing a vast and costly light rail system as well as turning a number of
busy one-way roads into two-way roads. The proposals have been criticised by traffic engineers
but seem to reflect an understandable desire to raise the flagging image of the Christchurch
Central Business District as a place to work, live, and shop.
Source: Doll et al. (2012)

6.2

What are decisive policy activities?

Policy systems dealing with transport adaptation
The adverse impacts of extreme weather events on the European transport system are
increasing. Nevertheless, the adaptation of transport systems to extreme weather
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events is hitherto established only to a small extent due to the fact that impacts of extreme weather events on transport systems are not yet perceived as recurring irregular
shocks (or risk). Since global warming will continue in changing the impact patterns of
extreme weather events systematic fostering of climate change adaptation activities in
the European transport sector is necessary. One possible solution to make climate
change adaptation in the transport sector more efficient is public intervention in terms
of e.g. adapting existing standards and regulations, improving the dissemination of
available information, avoiding external impacts and considering long-term consequences in investment decisions (Lecocq and Shalizi, 2007; Hallegatte et al., 2011).
The targeted effects of such policies must be (cf. Warren and Egginton, 2008):
• Mitigation of impacts,
• Reduction of vulnerability and exposure as well as
• Increase of resilience by improving the adaptive capacity of systems at risk.
The predicted change in average costs due to weather extremes in the next 40 years
point to regions, where transport systems are affected above average by extreme
weather events, in particular France, Middle Europe and the Alpine region as well as at
the probably most affected modes of transport, in particular rail transport. These regional and modal core areas must be focused on future climate change adaptation
policies.
Types of adaptation
Adaptation policies have to address the different effects of climate change on the
European transport sector that cut horizontally across different policy sectors and vertically across different levels of government, that are uncertain and which concern a
broad range of non-state actors who often lack capacities to adapt (Bauer et al., 2011).
In that context, it is important to note that the literature review showed that risk identification and assessment plays a significant role in setting-up adaptation policy frameworks. Therefore, current frameworks to manage climate change risk of road transportation, such as the RIMAROCC (Risk Management for Roads in a Changing Climate)
method were exemplarily described. In terms of designing policy instruments to foster
climate change adaptation it is crucial to distinguish the available strategies.
In addition to these established concepts new concepts emerged in the recent past. In
particular, no-regret, safety margins, and reversible strategies have been developed.
The no-regret strategy identifies measures that provide net-benefits regardless of climate change effects it avoids the problem of uncertainty (Walker and Liebl, 2010).
Cheap safety margins can be produced by including climate change adaptation features in already pursued strategies (Hallegatte 2009; Walker and Liebl, 2010). Reversi-
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ble strategies are flexible in terms of either heightening the efforts or postponement in
case new information is available. Good examples for reversible strategies are classic
risk transfer instruments, such as insurance (Hallegatte, 2009).
Available policy instruments
The available policy instruments to increase the application of certain climate change
adaptation strategies are in general regulations or incentives. Regulation or governance is defined as government directives including sanctions aimed to stimulate while
incentives are accompanied by a set of prescriptions (Bressers and Klok, 1988). The
main characteristic of incentives is that penalties or rewards and the behaviour of the
regulated parties are going hand in hand, while directives are focussing on setting up
sanctions for certain behavioural alternatives. The imposed costs of regulation are allocated to different categories, such as direct financial costs; compliance costs; indirect
financial costs (substantive compliance costs); administrative costs; and long-term
structural costs (SCM Network, 2005).
The analyses of worldwide patent statistics on adaptation technologies by transport
sector show that the successful long-term design of complex policies is not an easy
task. A silver bullet does not exist, such as economic instruments as suggested by
neoclassical welfare theory, ensuring innovation processes to continuously work and
market agents to follow the same goals as society and governmental bodies. It rather
takes the consideration of various factors including the decisiveness and long-term
orientation of related policy fields, communication structures, market dynamics, customer preferences and the use of management tools in the business sector, as well as
education, human resources and the innovation friendliness.
Empirical evidence for the impact of policy instruments which foster energy efficient
behaviour in transport can be identified, which allow statements on the likely performance of similar policy instruments to foster adaptation in transport. In that context and
in line with previous findings of the WEATHER project (see also Doll et al., 2011), a
combination out of information, education and training together with infrastructure and
social planning and organisation have been proven to be a promising instrument. Regarding energy efficiency in transport 351 current policy instruments in all EU member
states have been identified in the MURE II database. Among these instruments combined instruments, legislative / normative and fiscal instruments showed the highest
semi-quantitative impact, i.e. the transport sector responds especially to these three
types of instruments with the targeted behavioural change. 28 of the 38 combined instruments encompass at least information / education / training, infrastructure and / or
social planning / organisation. Approximately 73% of exclusive combinations of infor-
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mation / education / training, infrastructure and / or social planning / organisation were
assessed as high or medium impact instruments. Based on the empirical results of the
impact of applied policy instruments to foster energy efficiency in transport the following
applications of information / education / training, infrastructure and social planning /
organisation were derived as promising also in the context of transport adaptation:
• Awareness raising, education and information campaigns considering climate
change in planning, operating and using transport systems,
• Information / training on driving behaviour under extreme weather conditions,
• Training / education of staff,
• Incorporating extreme weather events into emergency and risk management in
transport system operations,
• Voluntary certification and labelling related to extreme weather events and reliability/safety of certain transport systems, and
• Improving the knowledge about impacts of extreme weather events on transport via
data collection and research.
Case: Policy response on numerous flood events in Bulgaria 2005/2006
Flooding is the most costly event in the country,
and the major problems are related to inefficient
management of waters, especially dams which
overflow after intense rainfalls and snow melting.
Although a number of new laws and legislations
were issued after the events, emergency management actions during the events have proved
less effective and in some cases even harmful to
the provision of logistics operations and functions
in supply chain management.
After the initial activities to overcome the damage, policies calmness and neglect of preventive
actions occurred. Moreover, with the last change
in the cabinet structure after the elections in
2009, the Ministry of Disaster and Accidents was
closed and its functions were transferred to the Ministry of Interior and other public agencies
and bodies. The new measures include centralization of the control on the technical condition of
more than 3000 mainly privately owned dams by an establishment called “Dams and Cascades"
and the development of risk maps.
Source: Doll et al. (2012)

6.3

What is the role of technology funding?

By analysing patent statistics we have generated quantitative indicators of innovation
processes and of innovation dynamics in transportation technology fields, which are
critical to weather and climate adaptation. We see that across the world regions around
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70% of patents are applied in the domains of infrastructure, planning and large-scale
protection measures. Given that transport system operations cannot be captured by
this type of innovation assessment, these findings somehow are in contrast to our earlier findings on suitable adaptation strategies. The spatial distribution of patent applications has shown three main application regions: the U.S. and Canada, Western Europe
with a leading role for Germany and eastern Asia, namely Japan and Korea. Surprisingly, China, Brazil or other world regions do not contribute significantly to RTD in resilient transportation systems.
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Figure 13:

Absolute patent counts by sector 1990-2010

The patent dynamics show by far the highest application growth rates for those countries which have the least share in world patent application technologies for adaptation
in transport. This is namely China (year 2010 / year 1990 = 350), followed by the eastern EU Member States (25), the rest of Asia (17) and Eastern Europe and Russia (12).
These findings indicate that a dynamic catching-up process is currently going on, such
that Europe, the U.S. and Japan may soon be challenged by the transforming economies. This may be particularly true as specifically Asia is likely to suffer more from climate change and weather extremes than other world regions.
On the basis of the statistics used in this investigation we can conclude, that if European industries would like to remain a strong partner in supplying other world regions
with resilient transport system components, research levels need to be maintained.
Otherwise there is a certain risk that in one or another market niche strong competitors,
e.g. from the so-called BRICS countries, could emerge and challenge Europe’s market
share. We can already see this trend in advanced transport infrastructure networks
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planned, built and maintained by Chinese companies without direct involvement of
western companies.

6.4

Which policy mix can be recommended?

Long term policy goals
The compilation and assessment of adaptation measures of different modes and types
of hazards has shown that successful adaptation strategies to a large extent consist of
awareness building and incentives to think and act with a long-term perspective. Important ingredients are advanced information and control systems, contingency planning
and staff training and proper maintenance strategies. Additionally, improved vehicle
technology and communication systems capable of transmitting and processing advanced information on natural hazards and other risks should support policy action.
Most of these measures are available at low to moderate costs or bring about major
wider benefits.
The need for expensive investments in transport infrastructures can be limited or at
least postponed by good maintenance practices, which are sensitive to the impacts of
changing climate and weather conditions. With adapted maintenance routines, most
infrastructure measures should be possible within standard renewal cycles of the assets, and thus will cause zero or only moderate additional costs.
Overall recommendations
In general, the findings concerning the main actors and the appropriate policy instruments of the four major adaptation areas are consistent and complement each other. It
was concluded that the key actors in promoting adaptation activities in transport planning and general protection are the European Union and national governments. That
conclusion is in line with the assumption that the public interest and thus the interest of
the policy makers in improving the resilience of transport infrastructures and services
against climate extremes is significantly higher than the knowledge “powerful” actors
have of the issue. Therefore, fostering climate change adaptation in transport planning
and general protection should mainly rely on regulatory policy instruments in order to
maintain a sustainable change in behaviour.
Regarding infrastructure investments and technology it can be expected that the private sector is more reluctant to get involved (and invest) in policies/measures with
long-term planning (because of additional costs). Thus, the basic strategy to promote
climate change adaptation in terms of infrastructure and technology is to implement
regulations, such as building codes and technology standards. Nevertheless, regulation
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of this adaptation area should be accompanied by incentives in order to avoid negative
feedback and improve the efficacy.
From an actor’s perspective the adaptation area of vehicle and information technology
is mainly located in the domain of ICT providers and the manufacture companies. That
finding is in line with the policy conclusion that fostering climate change adaptation activities within this area is mainly driven by an increasing demand and transparency in
the market. E.g. the introduction of (voluntary) certification and labelling systems related to the reliability and safety of vehicles and ICT systems under extreme weather
conditions seems to be a promising strategy.
Since the private sector is not willing to invest with a long-term horizon it was concluded that public transport operators and public transport infrastructure managers are
playing an important role in terms of forerunners to foster the climate change adaptation of transport service operations. A wide range of policy instruments from mandatory
or voluntary certification and labelling systems as well as penalties for exceeding a
threshold for the maximum level of weather-induced delays per transport mode to
oblige common risk management procedures can be applied. Again, both findings are
not contradictory but complement each other.

59

WEATHER D7: Overall Findings and Policy Conclusions

7

Final Recommendations

In the following, a number of recommendations to RTD funding, policy and transport
industries were compiled out of the WEATHER reports and the expert statements at
the WEATHER final seminar, April 20th 2012 in Athens. The recommendations have
been kept rather general, as a detailed listing out of the multiple dimensions referenced
by the WEATHER research would compromise readability.

7.1

Recommendations for research funding

The results of the WEATHER project and the 11 case studies in Europe and overseas
strongly indicate that improving the resilience of transport systems is more a question
of improving the knowledge base than developing new technologies. The addressees
of the recommendations emerging from this insight are the supra-national and national
funding bodies as well as big transport industry players and their associations.
1.

Deepen the knowledge of local climate and weather pattern changes. IPCC
currently works on the 5th assessment report, making use of large climate models
to predict the likely impact of global warming on the regional scale. For costly investment decisions by transport authorities, however, more reliable evidence on
the very local scale, including a further development of the methodological toolbox, would be desirable.

2.

Improve damage cost estimates. Our results show annual average costs of
€ 2.4 million p. a. for current climate conditions with a likely rise by 20 % by the
middle of this century. However, other studies arrive at much larger cost blocks.
We thus recommend improving the data situation by unifying the assessment
methods and by a regular monitoring of failures in European transport systems.

3.

Global exchange of information on good practices. Our case studies have
proven that there certainly are powerful methods to mitigate the impacts of extremes and to foster the resilience of transport systems to a changing environment. As these can be found inside and outside Europe, an international action to
assemble and evaluate successful cases on trans-national, national and / or
company level could be a good starting point for disposing the sector for changing conditions.

4.

Broaden the scope on transport sector challenges. The impact of weather
extremes on transport have proven to be important, but changing environmental,
technical and social conditions provide a wider set of challenges to be faced by
transport. These include the continuous effects of climate change on vegetation,
permafrost soil and sea level. These could, among others, shift transport demand
patterns and put certain infrastructures at high risk. Moreover, volcano activities,
earthquakes, global diseases, terrorist attacks or crime have and will fundamen-
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tally alter the way we operate large transport systems. These should be included
in commonly acceptable future adaptation strategies.
5.

Explore the co-benefits of new or improved systems. Weather extremes impose considerable costs on the transport sector, but in most cases they are not
sufficiently large to trigger adaptation activities. However, our assessment of over
300 adaptation technologies has shown that most measures bring about benefits
in other areas, e. g. improving capacity and congestion management or preserving natural habitats. These need to be quantified in economic terms in order to
properly allocate adaptation costs and to identify powerful and acceptable not regret measures.

6.

Foster the development of reliable detection and warning systems. Information has turned out to be the key to a forward-looking operation of complex systems. Thus, improved systems for detecting hazardous weather activities and reporting them in a workable format to all individuals and institutions involved in a
transport chain could help making the right decisions. Intensifying the on-going
work on intelligent infrastructures and real-time vehicle-to-vehicle communication
involving industries and research organisations could be a feasible way forward.
Prerequisites to the practical use of such systems are robustness, simplicity and
cost efficiency.

7.

European industries to set worldwide technology standards. With 8 % of
world patent applications general protection measures are a rather small field for
technology development and innovation. However, within this area Europe takes
a relatively specialised position with a patent share of up to 15 %. Considering
the big challenge of managing sea-level rise and rising flood intensities not only
for transport but to protect settlements all over the world, Europe could set
worldwide technology standards and bring itself into the position of a major technology exporting and knowledge generating area. This good starting position
should be supported by sufficient RTD funding.

8.

Explore the discontinuity of adaptation activities. An important research
question is the determination of the point, when it becomes necessary to change
the approach and turn from already known engineering adaptation measures to
the development of entirely new strategies/ technologies, which will become necessary towards the end of the century. For successful adaptation it is decisive to
get knowledge on how we can cope with this necessary strategy change.

7.2

Recommendation to the transport industry

Transport industry embraces public and private network owners, managers and operators, transport undertakings and their associations as well as infrastructure and vehicle
manufacturers. Conclusions from the WEATHER analytical work and case study observations addressed to these bodies mainly cruise around the implementation of ad-
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aptation and preparedness measures. Knowledge-related activities to be carried out
partly or fully by transport industries have been addressed in the respective sections?.
9.

Perform company specific risk assessment plans. Risks from weather extremes and other hazardous events are very specific to local conditions and the
type of undertaking and service in question. Thus, for a proper preparation of adaptation or contingency plans a detailed assessment of risks and possible
counter actions needs to be done. Respective tools and guidelines are provided,
among others, by the European Commission or industry associations.

10.

Raise awareness among management and employees. Preparedness is only
partly a question of good organisation. In emergency cases decision bodies in
companies and employees need to know how to react. To maintain and develop
such routines, people need to be motivated, e. g. by regular team-building events
and information campaigns.

11.

Foster co-operation among undertakings and institutions. A high level of
preparedness for the emergency case will profit from the cooperation of transport
sector players. These could help serving stranded passengers, goods delivery
and optimise the use of infrastructure, vehicle and staff resources. To maintain
competitiveness such co-operations could be limited to pre-defined disaster
events or regulate compensation payments.

12.

Insure good maintenance strategies. Expensive investments in transport infrastructures can be shifted in time by good maintenance practices, which are sensitive to the impacts of changing climate and weather conditions. With adapted
maintenance routines, most infrastructure measures should be possible within
standard renewal cycles of the assets, and thus will cause no or only moderate
additional costs.

13.

Start adaptation with vulnerability hot spots. The WEATHER research has
uncovered two major hot spots with damage risks significantly exceeding the
European average: mountain and coastal infrastructures. Across transport modes
rail is more affected than road, aviation or shipping. For reasons of cost efficiency
adaptation activities could be started in these most vulnerable sectors.

7.3

National and supra-national policy

The key actors in promoting adaptation activities in transport planning and general protection are the European Union and national governments. They take a key role in paving the road for an adaptation-friendly policy environment, setting necessary regulations, supporting research and technical development and organising co-operations
between the various policy levels and between policy and the transport industry.
14.

Foster vertical and horizontal co-operation of public and private bodies.
Good crisis management is often a question of fast and decisive action, involving
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numerous players. Of utmost importance is the co-operation of supra-national,
national and local institutions, NGOs and private entities. Although the degree of
organisation among the players of the EU and of most Member States is pretty
high, a constant review and deepening of the emergency management procedures, particularly including countries with limited economic power and developing policy structures, seems to be important.
15.

Adapt building codes and regulations. The WEATHER case studies have
demonstrated that a significant share of weather related damages arises from
risky land-use patterns. Climate-change related investments for long life infrastructures can be required by adapted building codes, directives and technology
standards including a detailed definition of exposure of the regulated transport infrastructures to minimise expenditures for maintenance and repair.

16.

Set incentives to stimulate private sector adaptation activities. Initiatives in
relation to transport infrastructure investments and adaptation should originate
from the public-owned infrastructures since the private sector is more reluctant to
get involved (and invest) in policies/measures with long-term planning (because
of additional costs). The provision of incentives for taking adaptation action into
account, from the design over the construction to the maintenance phase of an
investment by the construction companies can be a powerful supplement to binding legal frameworks. Options include tax reductions for verified transport infrastructure adaptation activities, public benefit charges, capital subsidies, grants or
subsidised loans to support certain transport infrastructure adaptation activities.

17.

Consider labelling for market transparency. The introduction of (voluntary)
certification and labelling systems related to the reliability/safety of vehicles and
ICT systems under extreme weather conditions could be a selling point to increase demand for up-to-date technology and transparency in the market. These
could be supported by regulatory instruments, such as climate change related
procurement regulations, obligations or appliance standards for vehicles and ICT
systems considering certain specifications, such as driver assistance technologies.

7.4

Local policy

The recommendations for lower governmental and community levels basically emerge
from the recommendations developed for the transport industry and for higher level
governments.
18.

Establish local risk assessment plans. As for transport undertakings, regions
have very different risk profiles. Furthermore, regional funds need to be properly
allocated among the various sectors and policy fields. Thus, detailed risk maps
and adaptation action plans could make policy decisions more continuous.
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19.

Establish co-operation networks among local private companies. By means
of round tables or similar activities communities and local governments could
convey the long-term thinking of companies and establish common codes of action in case of emergency situations. This could help companies to promote and
implement their own emergency management and adaptation plans.

20.

Keep in contact with higher governmental levels. A vertical integration of risk
management principles is of fundamental importance for the success of crisis
management and adaptation. Besides the very specific local situation it is thus
necessary to follow general national or European guidelines, e.g. on information
transfer.
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