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EXECUTIVE SUMMARY
Objectives and methodology
The WEATHER project has been designed to investigate the vulnerability,
emergency management and adaptation strategies of all modes of transport with
their specific actors, across all European climate regions and for all types of weather
extremes. The present deliverable D4 of the project looks at suitable measures to
adapt transport to the impacts of climate change and weather extremes from the
micro-economic perspective of the transport sector. The study is organised into
infrastructures, vehicle technologies, system operations and planning, including more
general spatial aspects. The wider objective of the report is to carry out a cost-benefit
analysis for selected adaptation strategies across all weather extremes, European
climate zones and modes of transport.
After a short introduction Chapter 2 recaps the vulnerability results of Deliverable 2.
The indicators clearly point to mountain areas as well as Mid Europe to be the
regions most vulnerable to weather extremes. With respect to passenger and ton
kilometres the burdens of Scandinavia, East Europe and France are the highest?.
The most striking weather events are currently winter impacts and the consequences
of heavy or persistent rainfall.
For the assessment method, the data situation and the broadness of the analyses
suggested the use of a simple multi-criteria-analysis instead of a full scale cost
benefit analyses. Assessment criteria applied are: Benefits, costs, wider impacts,
flexibility and feasibility. These have been compiled for a wide range of measures by
means of a literature review, interviews, a workshop and expert judgements. The
weights for the criteria have been set by the workshop participants and suggest
putting the highest weight to the basic components ―direct benefits‖ and ―life cycle
costs‖.
The main part of the study is an analysis of four basic fields of activity when thinking
about adapting transport systems to a changing environment: transport and spatial
planning,infrastructure Systems, vehicle technology and 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 particularl, 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
xii
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needed, several studies and research projects already underline that the cost of
actions addressing 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 in the
multimodal character of the transport system as well as in 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.
Infrastructure Technologies
A basic condition for ensuring 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 for maintaining passenger comfort, and the Installation
of (automatic) monitoring systems.
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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.
Furthermore, the minimum fairway (depth and width) dimensions of individual river
sections need to be maintained, e.g by dredging of river beds. Long-term Measures
for the maritime sector embrace water barriers and coastal protection structures, the
re-location 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.
Vehicle Technology
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.
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 increaseof
vessel size, the use of lighter materials in ship building and the introduction of
telematic systems. An adaptation measure for low water levels consists in 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 deicing 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.
xiv
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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 to passengers or freight
forwarders and related contingency plans on reduced services and intermodal cooperations are recommended.
The greatest challenge in the inland waterway sector isvariation 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 minimize time losses: actual
one day weather forecasts should be fed into flight movement slot planning by ATC.
Education and training of airline staff are further operational measures to improve the
preparedness to 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.
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 subareas 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
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classifications may be questionable for single measures, it can be expected that the
average across all measures in a sub-area yields reasonable results.
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 to market participants for encouraging 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 1. The
value ranges for all three criteria is 0 (no impact or costs) to 3 (full ris reduction or
very high costs).

Figure 1:

Overview of assessment values by group of adaptation measure

Risk reduciton

Supervision and maintenance
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Source: Fraunhofer ISI, 2011
xvi

1.50

2.00

2.50

3.00

3.50

WEATHER D4: Adaptation Strategies

Interpretation of the results
The selection of measures was driven by literature review 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 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 for 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 as damages caused by weather extremes.
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.
Policy options
The compilation and assessment of adaptation measures of different modes and
types of hazards in this report has shown that successful adaptation strategies to a
large extent consist of awareness building and incentives to think and act with a longterm 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
xvii
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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.
In WEATHER Deliverable 2 we have broken down total damage costs of €2.4 million
p.a. to passenger and ton kilometres. On average 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 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.
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1

Introduction

1.1

Introduction to the WEATHER project

Records of reinsurance companies, statistics by high-level research entities and public
institutions, including the European Environment Agency (EEA) and the
Intergovernmnetnal Panel on Climate Change (IPCC) clearly highlight the rising
damages caused by the consequences of climate change, and in particular of natural
catastrophes and extreme weather events. While many studies focus on CO2 mitigation
in transport, research on the vulnerability of the sector on climate driven effects,
namely extreme weather events, is coming up only recently.
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. National adaptation programs
of EU Member States, the US, Canada, New Zealand and the 4th assessment report of
the IPCC provide only indicative measures and global fields of action. Thus there is a
need for European studies addressing local conditions.
The third branch of WEATHER research is concerned with the role of transport
systems for crisis/disaster management. In the transport literature, the term
―emergency operations‖ spans a number of topics including logistics, traffic planning,
and institutional issues. The major tasks under these topics are the transport of
emergency vehicles and search-and-rescue teams, medical evacuation, and
distribution of goods and local medical aid. In this field of research European evidence
is already available.

1.2

Project objectives and work plan

In front of this background 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, lead
by the Fraunhofer Institute for Systems and Innovation Research (ISI). The project runs
for 30 months from November 2009 until April 2012.The weather project is funded by
the 7th RTD framework program of the European Commission and is supervised by the
Directorate General for Research.
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The project work plan is broken down in two work packages for management
dissemination and seven work packages on research:
 WP1: Weather trends and economy-wide impacts
 WP2: Vulnerability of transport systems
 WP3: Crisis management and emergency strategies
 WP4: Adaptation options and strategies
 WP5: Governance, incentives and innovation
 WP6: Case studies
 WP7: Policy conclusions and final conference
The WEATHER work packages are closely interlinked as sound adaptation and crises
prevention strategies require the simultaneous consideration of various aspects of
weather trends, transport economics and policy design. Of utmost importance for the
weather research are contacts to transport operators and the insurance sector. For this
reason each of the core work packages organises workshops to discuss the project
findings with transport professionals and academia.

1.3

The Objective of Deliverable 4

This report shall give an overview of the most promising measures to adapt the
European transport sector to changing climate and weather conditions. Adaptation
measures shall include new or modified technologies, organisational procedures and
planning principles in all modes of transport. The adaptation measures shall be
assessed in terms of their benefits and costs. For each mode, activity field and/or
regional setting suitable adaptation strategies shall finally be packaged out of the single
measures.
In line with the overall approach of the WEATHER project, this report considers the
issue of adaptation to climate change and weather extremes from the prespective of
the transport sector. This scope implies a mainly micro-economic perspective dealing
with possible technical and organisational changes to be carried out by tranpsort
undertakings, infrastructure investors or users. Nevertheless, within these system
boundaries it is put more emphasis on identifying more general directions in which
adaptation and related research and technical development should move, rather than
to identify detailed technical solutions. Thus, the research in this document shall
contribute to formulating a roadmap for making European transport systems more
resilient against changing environmental conditions.
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The work of this report builds on previous work in the WEATHER project. The results of
Deliverable 2 (Vulnerability Assessment) have identified the most relevant hot spots
adaptation strategies need to concentrate on and Deliverable 1 (Weather Scenarios
and Wider Economic Impacts) provide indications how these hot spots may develop in
40 or 90 years time. Finally Deliverable 3 (Crises and Emergency Management) has
already identified a number of key technologies and procedures to make transport
more capable to support evacuation and supply chains in emergency cases.
The report feeds into the policy analysis carried out by Deliverable 5 and exchanges
information with the case studies going more deeply into options and limitations for
suitable adaptation on the regional level (Deliverable 6). Overall project strategies and
conclusions are eventually drawn by the final project report (Deliverable 7), making use
of all previous work in the WEATHER project.

1.4

Structure of Deliverable 4

Chapter 2 gives an overview of the methodology applied to compile and assess
adaptation strategies by activity field. It first gives an indication of the most critical hot
spots by reviewing the results of Deliverables 1 and 2 on the topic. It then introduces
the standard reporting forms used for establishing and evaluating the WEATHER
Adaptation measure database. Finally the chapter summarises the main findings and
conclusions of the 3rd WEATHER workshop on the topic held in Rotterdam, May 20th
2011.
Chapters 3 to 7 then present literature reviews, interviews and respective conclusions
on suitable adaptation strategies by activity field and mode. The activity fields
considered are: Transport and spatial planning (Chapter 3), infrastructure technologies
(Chapter 4), vehicle technologies (Chapter 5) and fleet and service operations (Chapter
6). The four chapters are structured according to transport modes, where not all modes
are covered by each of them. The modal analyses are preceded by a short hot spot
overview to set the scope of the work. Each chapter is accompanied by an extensive
annex on the respective measures, presented in the standard reporting format.
Chapter 7 takes a broader look at the results of the previous sections and jointly
analyses the activity field and mode specific adaptation measures. It identifies
similarities, data problems, possible strategies and finally discusses cost and benefit
issues. Eventually, Chapter 8 draws final conclusions and provides an outlook for
further research.
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The report constitute of three annexes: Annex A presents selected hot spot tables,
Annex B provides the Standard Reporting Forms (SRFs) elaborated in Chapters 3 to 7
and Annex C provides additional information on national adaptation programmes.
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2

Assessment Methodology

2.1

Scope of the study

The issue of adaptation to the consequences of climate change has been recognised
by the scientific community since quite a while. In particular since consensus has been
reached, that the 2°C target will most likely not be reached we have to accept a certain
rise of climate and weather driven damages. According to IPCC (2011) ―Exposure and
vulnerability are dynamic, varying across temporal and spatial scales, and depend on
economic, social, geographic, demographic, cultural, institutional, governance, and
environmental factors. Individuals and communities are differentially exposed and
vulnerable based on inequalities expressed through levels of wealth and education,
disability, and health status, as well as gender, age, class, and other social and cultural
characteristics‖. Referring to 2001 to 2006 data the report states the share of losses
due to weather extremes bing 1% for middle income counttries, 0.3% for low income
countries and only 0.1% for high income countries. Climate change is recognised being
one of several factors determining the rapid increase in lost values over the past
decades.
Adaptation strategies touch several fields of economic and cultural life, including small
scale techical preparations, but also the awareness of people and firms to
anthropogenic and natural changes of our planet. According to IPCC (2011) adaptation
can take various forms from short-term incremental steps to long-term system
transformation, and from techical to institutional solutions. Successful adaptation
strategies will have to offer development benefits in the short term and vulnerability
reductions in the long term, and depend on the adaptive capacity and the institutional
setting of the region in question.
This report concentrates on adaptation measures and strategies in and around the
transport sector. Related annual damages excluding heat waves and losses to the
shipping sector have been estimated by WEATHER Deliverable 2 (Enei et al. 2011) to
cost €2.4 bn. anually to infrastructure managers, transport service operators and users
for the period 1998 to 2010. For the period 2004 to 2010 Munich Re (2011) reports
total losses to physical assets across all sectors of US$11 bn. (€8 bn.). Thus, transport
sector damages are substantial, but do not dominate the picture since losses
accounted by the insurance sector leave out small scale infrastructure damages,
delays and the human costs of health and life.
The geogrpahical scope of the report is the European Union in the borders of 1.1.2012
plus Switzerland and Norway. According to Annual Statistics of Munich Re (2011) the
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damages in Europe between 2004 and 2010 accounted for 9% of global damages,
while major shares are found for North America (47%) and Asia (36%). However, the
poorest world regions are not adequately rerlected in these statistics as damage
records are usually unavailable.
The type of hazards considered by this report embrace all extreme events, including
harsh winters (IS = Ice & Snow), hydrological events (RF = rain and floods),
extratropical cyclones (ST = storms), as well as aummer related impacts from heat
waves, droughts and wild fires (HD = head and drought). A compilation of related
hazards based on EEA (2010) has been provided in WEATHER Deliverable 2. A
specific assessment of impact-related adaptation strategies is not carried out in this
study. The records of adatpation measures in the Standard Reporting Forms (Annex B)
would, however, allow to do so if rquired.
Climate adaptation is a long term task requiring a appropriate dynamic setting. This is
because the major changes in weather and climate patterns will most likely happen
after 2050,and because measures vary in return on investment characteristics.
Moreover, the implementation of long term measures requires the parallel
implementation of appropriate policy environments and incentrive structures. These will
be investigated by Deliverable 5 of the WEATHER project. Thus, in order not to
preclude on future work this report will disregard the dynamic aspects of adaptation.
Nevertheless dynamic aspects are considered by judging which of the proposed
measures will most likely be in operation in 40 years time even without the presure
imposed by increased natural hazards and climate change.

2.2

Hot Spot analysis

In economic terms WEATHER Deliverables 1 and 2 have identified the most costly
extreme weather events by mode and climate zone with respect to weather events in
the past decade 1998 to 2010. Vulnerability was defined as the average damage costs
of extremes above the average seasonal weather situation by unit of transport activity.
Total costs by country have been defined either
 by total consequences of on-off catastrophic events (floods, mud flows after long
rain periods, wild fires, etc.) or
 by the costs days above 90 percentile events, which are typical for the season (heat,
drought, snow, ice, etc.).
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Transport activity is defined as passenger and ton kilometres transported on the
national networks. Considering capacity use in road transport we use an equivalency
factor of 1 passenger equals 3 tonnes of cargo. For other modes this ratio is somewhat
different (rail rather 1:1 and aviation: 10:1). But for reasons of simplicity we remain with
expressing transport activity by passenger equivalents = Pkm + 0.3 Tkm.
The costs are expressed by climate region. These are defined as follows:
Table 1:

European climate regions

Symbol

Name

Countries
ISO-Codes

AL

Alpine Area

CH, AT, SI

BI

British Islands

UK, IE

EA

East Europe

PL, CZ, HU, SK, BG, RO

FR

France

FR

IP

Iberian Peninsula

ES, PT

MD

Mediterranean Area

IT, GR

ME

Mid Europe

DE, BE, NL, LU

SC

Scandinavia

NO, SE, FI, DK, EE, LV, LT

Inhabitants
2008

Pkm-Eq
2008

Source: Fraunhofer ISI (2011)

The results for the current 1998 – 2010 average annual costs per Pkm-equivalent and
climate region across all weather events for road, rail and air transport are given in
Figure 2 to Figure 4.
It is to be noticed that the regional distributions of the damage costs are the result of an
artificial value transfer model on the basis of extreme evets in these regions and
average costs for a selection of European countries. For a number of regions (FR, IP,
SC) the database not even contains primary damage estimates, which reduces the
reialbility of the findings for these climate zones.
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Figure 2:

Overall vulnerability to weather extremes in road transport

Source: Fraunhofer ISI, 2011
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Figure 3:

Overall vulnerability to weather extremes in rail transport

Source: Fraunhofer ISI, 2011
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Figure 4:

Overall vulnerability to weather extremes in aviation

Source: Fraunhofer ISI, 2011
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The values are indicative and reflect more the results of the generalisaiton model than
local conditions. Annex A contains additonal estimates per adaptation sector for
selected modes.
The data suggests that vulnerability ranges between 0.1 €/1000 Pkm-eq for the
Mediterranean area and 0.95 €/1000 Pkm-eq for Alpine countries. However,
Deliverable 2 lists a number of methodological problems which need to be considered
when interpreting the results:
 Data availability by country and weather extremes varied significantly between the
climate regions. Most accurate data was available for the Alpine countries, Germany
and Scandinavia. These are the countries with highest vulnerability results.
 Value transfer: It was tried to make up for the data inconsistencies by value transfer
mechanisms between climate zones, using meteorological indicators. This
procedure, however, abstracts from local geographical conditions.
 Data incompleteness: The assessment was based on media reports, data from
infrastructure providers and literature analyses. The different sources have been
combined to cover most modes, countries and weather extremes. But neither were
the different sources in all respect compatible nor were they complete.
Thus, in this report we add an impact-related hot spot analysis, which is based on
expert knowledge on the mode-specific sensitivities. The judgement shall express how
severe the impacts of occurring extremes for the specific mode will be, and where
these impact most likely occur.
The results are presented for selected modes, differentiated by infrastructure and
operations in Annex A. A short section on hot spots is placed in front of the following
Chapters 3 to 6.

2.3

The standard reporting and assessment framework

Adaptation measures are very specific to the object they apply to, to the risk they need
to mitigate and to the prevailing surrounding conditions. Moreover, the nature of the
adaptation measures or strategies can be very different, reaching from detailed
technical solutions to general RTD or policy strategies. In order to provide a way to
collect all these different measures in an assessable and comparable way the Standard
Reporting Forms (SRF) were developed. The SRFs are filled for all measures
considered relevant to make the European transport sector more resilient to weather
extremes.
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The Standard Reporting Forms shall serve two purposes:
 Unified reporting of very different measures in form of a searchable database
 Standard way to evaluate and thus compare the very different measures.
 The forms are structured into three parts:
 Characterisation: General information on the measure (mode, activity field, relevant
extremes, etc.
 Assessment: Expert estimates of five criteria in a very rough value domain (0 .. 3)
for the magnitude of benefits, flexibility, feasibility, wider impacts and costs.
 Details: Text fields for a more detailed description of the measure, its context and
relevant sources.
The standard reporting form is presented by Table 2.

Details

Assessment

Characterisation

Table 2:

Template for the standard reporting and assessment form

Measure

Short title/description

Sector

class

Detailed transport sector element of the measure

Mode

class

Details to the transport mode addressed by the measure

Hazard

class

Detailed weather extremes addressed by the measure

Area

zone

Detailed geographical characteristics for the measure

Impact

Network-km, assets, people potentially affected

Benefits

0-3

Comment: to what degree can the hazard be reduced?

Flexibility

0-3

Comment: can the measure, once implemented, be adapted
to changing developments of the hazard category
addressed?

Feasibility

0- 3

Comment: how simple/feasible is the implementation of the
measure in practice?

Wider impact

-3 +3

Comment: what is the magnitude of positive or negative side
effects on environment and society?

Costs

€/unit

Comment: What is the likely implementation costs (life cycle
costs p.a.) and what does it depend on?

Detailed
description

Detailed description of the measure; determinants of benefits and
costs, practical experiences, ...

Transferability

Indicate possible applications of the measure to different modes,
regions and types of hazards

Sources

References, documents, links, ...

Source: Fraunhofer ISI, 2011
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The adaptation measures are asses by a multi criteria analysis (MCA). The weighting
factors of the five criteria refer to a course quantification of the magnitude of impacts on
a scale from zero to three. Details on the evaluation scheme are given in Table 3.

Table 3:

Preliminary assessment criteria and valuation principles

Criterion

Weight

Value

A

Risk
reduction

0...100

0…3

B

Feasibility

0...100

0…3

C

Flexibility

0...100

0…3

D

Wider
Impact

0...100

-3…+3

E

Range of
costs

0...100

0…5

TOTAL

100

Comment
Is it possible to reduce the hazard using the
adaptation measure? (0=no risk reduction, 3=very
good risk reduction)
How simple/feasible is the implementation of the
measure in practice? (0= no feasibility/high
resistance, 3= very good feasibility)
Can the measure, once implemented, be adapted
to changing developments of the hazard category
addressed? (0=no flexibility, 3=high flexibility)
What is the magnitude of positive or negative side
effects on environment and society/Are there side
effects using the measure?(-3=very negative
impacts, +3=very positive impacts)
What are the likely costs for the affected
infrastructure manager, transport operator, user or
the state? (in share of respective life cycle costs:
0=<1%, 1=2% - 10%, 2= 11% - 25%, 3=26 – 50%,
4=51 – 100%, 5=>100%)

Source: WEATHER Workshop 3 Report

The compiled results in Figure 5 in first place confirm the suggestion of the experts to
give the highest weights to the risk reduction potential and the life cycle costs of the
measures. But the comparison of max and min values also reveals a very high level of
uncertainty behind these averages. These high deviations of single expert judgements
are certainly driven by the vague formulation of the quantification indicators, the very
different nature of measures and contexts, as well as the manifold issues related to the
more soft factors other than direct benefits and costs.
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Figure 5:

Preliminary expert votes on rating MCA criteria

Expert votes for MCA weighting criteria
(n = 31, total vote = 100)
90
80
70
60
50

Max.

40

Min.

30

Average

20
10
0
Risk
reduction

Feasibility

Flexibility

Wider
impacts

Life cycle
costs

Source: WEATHER Workshop 3 Report

Although the discussion and the compilation of expert votes suggest to apply a simple
cost-benefit- or cost-effectiveness-analysis rather than a multi-criteria-approach, we
use the MCA as relevant cost information are not available for most of the adaptation
measures. The assessment of the adaptation strategies is presented in Chapter 7.

2.4

WEATHER Workshop 3: Adaptation Strategies

The Workshop ―Adapting Transport to Extreme Weather Events‖ was held in
Rotterdam at 20th May 2011. Next to the project team 22 experts from various transport
operating and control organisations participated, presented and intensively discussed.
The Workshop was divided into four parts, which is a morning plenary with
presentation, two parallel working sessions in the afternoon on
 infrastructures and transport planning (Session 1) and
 vehicle technology and operations (Session 2)
concluded by a final plenary. The objective of the workshop was twofold:
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1.

Set of adaptation measures: The project team has provided a set of possible
adaptation measures per mode and field of action which should be commented
and – if possible extended by the participants.

2.

Ranking of measures: the WEATHER assessment framework has developed a
rough multi criteria systematic to roughly evaluate and rank measures. The
weights for the criteria proposed should be discussed by the participants.

In the morning plenary the participants learned about the practise of adaptation for rail
and road infrastructure as well as of recovery management. Basically, transport and
communication systems are expected to work independently from weather effects. But
in practice, various technical measures need to be undertaken to protect the
infrastructure from the impact of weather extremes. However, it turned out that it is
much better to consider climate change when building new infrastructure rather than to
retrofit existing infrastructure. An important problem for railway operators are winters,
which can be tackled both by technical and communication measures. Important key
constraints for an appropriate investment strategy are that climate change is a multisectoral issue, which is not limited to transport infrastructure, and that a high level of
investment funding is required, which is difficult to schedule. In the context of recovery
management a new risk culture seems to be necessary involving the transport system
and service provider.
During Session 1, adaptations measures in road, rail and sea infrastructure as well as
in planning procedures and documents have been tackled. Important results were that
 The maintenance of infrastructures is considered as a key factor for network
resilience.
 Organisational measures must not be forgotten when drafting adaptation strategies.
Regulation schemes have been regarded as equally important as physical
adaptation measures during the discussion.
 Measures for adaptation are not necessarily independent of each other and may
show mutual interrelations and impacts on other policy areas.
 Beyond the suggested ‗hard‘ measures that aim to protect new and existing
infrastructure from weather impact, it is also needed to include some measures for
quick recovery after extreme events have happened.
 For the field of flood protection it has been emphasised that it is very necessary to
learn from other regions and actors.
 In terms of the infrastructure technology, it has been concluded that many
technologies are already known, but often not applied due to a lack of
awareness/qualification. Thus, measures should focus on the education and training
of civil engineers.
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In the Parallel Session 2, technological and operational issues of adapting transport to
the consequences of weather extremes and climate change has been discussed. The
discussion on adaptation strategies moved along the following issues
 Supply and demand patterns may change due to climate change. This implies that
production sites may shift away from vulnerable coast-lines. Also in the airline
industry first changes in demand, driven by climate change are predicted.
 Large parts of the logistics sector are subject to global risk and many operations are
characterised by multi-modal chains, involving a variety of players and consisting of
global links. Extreme weather events are often regarded as one-off events which do
not require fundamental change of business operations or technologies.
 Weather impacts on logistics are a major issue for the regional level. It is a matter of
awareness for the affected stakeholders. One reason for this is the complexity of
logistic chains, which leads to different perception by local or global operators.
 In the long term impacts of adaptation measures, as well as of not adapting to
climate change and weather extremes, on modal shifts within the transport sector
have to be considered.
 Logistics undertakings as well as airlines focus on mitigation policies to reduce their
carbon footprint and to calm other external effects. Adaptation to climate change is
not yet recognised an important field of action by the market players.
One of the central conclusions in the discussion was that uncertainty regarding the
occurrence of extreme weather events is likely to be the key for not acting. Adaptation
strategies are applied where it proves to be economically viable or where it provides a
competitive advantage. Legislative pressure presents a further argument for
implementing adaptation measures.
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3

Transport Planning

3.1

Strategic Transport Planning

3.1.1

The changing planning concept in transport

The planning concepts of the transport sector has been changed radically over the last
three decades, from a separate, mode specific planning approach to a strategic,
multimodal network planning approach. According to the TRANSTALK Project
(TRANSTALK 2000), the changes could be described as "from project focus to
strategies", but there are several other dimensions in the changing planning concept
aiming at bringing in broader social and environmental considerations.
Traditionally the term ‗Transport Planning‘ is referring to road transport and is defined
as ‗the process by which we attempt to develop consistent plans for future actions that
will correspond to forecasted needs‘ (Giannopoulos 2002). The key objective of this
process is to determine the future (forecasted) transport needs by modelling the
transport system‘s characteristics, in order to make the optimal decisions for operating
and building current and new transport infrastructure respectively. The process of
forecasting transport needs, as close to reality as possible, is exactly what efficient
transport modelling is about.
Specifically, the four steps that constitute the classical urban transportation planning
system model are (MWCOG 2011):
Step 1: Trip generation. Step one of the process is to determine the number of daily
trips that take place in the study area. This procedure is called trip generation, and it
estimates the number of "trip ends" produced in and/or attracted to each transportation
analysis zone (TAZ) of the study area.
Step 2: Trip distribution. In Step 2, trip distribution, the trips "produced" and those
"attracted" are linked geographically into complete trips resulting in the match of origins
with destinations, often using a gravity model function, equivalent to an entropy
maximizing model.
Step 3: Mode choice. The third step of the modelling process is known as mode choice.
Travellers are assumed to choose from the available transportation modes for each
trip. Model assumes that these choices are based on the relative availability and
attractiveness of each mode. Factors considered in the attractiveness of the mode
include e.g. the accessibility of mass transit, automobile ownership, costs required to
use the mode, time required to use the mode.
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Step 4: Route assignment. The final step in the forecasting process is to determine the
routes travellers choose to reach their destinations. This step, known as trip
assignment or traffic assignment, results in the number of vehicles that will travel on
each of the transport network (road) segments, known as links, and what path they will
choose for reaching at the final destination.
The four step classical transportation planning process is illustrated in Figure 6 below.
Figure 6:

The Transport planning 4 step model

Source: CERTH-HIT, 2011

On the other hand the term ‗Transport policy‘ is about ―setting the scene‖, about ‗setting
goals and objectives that correspond to specific policies and societal inspirations, as
well as about setting the ways and ―tools‖ that will be used to achieve them‘
(Giannopoulos 2002). More specifically, policy instruments are the tools which can be
used to overcome problems and achieve objectives. They include conventional
transport methods such as new infrastructure, traffic management and pricing policies,
but increasingly they also involve attitudinal changes and use of information technology
(konSULT 2005). Equally important, land use changes can contribute significantly to
the reduction of transport problems. Policy instruments can be implemented throughout
a city (for example a fares policy), or in a particular area (e.g. a light rail line), or at a
particular time of day (e.g. a parking restriction). In many cases they can be
implemented at different levels of intensity (e.g. for fares or for service levels). Rarely
will one policy instrument on its own tackle all of a city‘s problems, or meet all of its
objectives. It is important, therefore, to develop strategies which involve a combination
of policy instruments.
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The impacts of the policy instruments implementation is tested within the transport
planning process by modelling the various policies (and/or its impacts to the network)
and comparing the results of the alternative scenarios. Therefore, the close relationship
and the interlinkages between transport policy, planning and modelling become
obvious and to the degree that policies alter and introduce new (political) reasoning;
this can result in a qualitative alteration of our analytic and synthetic planning tools. In
other words transport models cannot be close to reality if they don‘t take into account
the socioeconomic and policy background and as a result an alteration of policies
entails the differentiation of the transport modelling (and thus planning) results, since it
incorporates in the analysis additional social and/or environmental criteria.
It is noteworthy that since the mid-nineties, a transformation of the planning process
took place towards a more holistic approach, emphasizing in the multimodal character
of the transport system as well as in the incorporation of the external effects of
transport. This turn originated by the understanding that unrestrained growth in road
traffic was neither desirable nor feasible. The problematic issues that emerged were
threefold: concerns about congestion, concerns about the effect of road traffic on the
environment (both natural and built) and concerns that an emphasis on road transport
discriminates against vulnerable groups in society such as the poor, the elderly and the
disabled.
An illustrative case can be found in the UK. As a reaction to these challenges, the
publication of the ‗New Deal for Transport‘ in 1998 in the UK and the white paper
‗Transport Ten Year Plan 2000‘ indicated an acceptance of these arising issues,
altering the strategic objectives of transport. Specifically, these documents reiterated
the emphasis on:
 integration within and between different modes of transport
 integration with the environment
 integration with land use planning
 integration with policies for education, health and wealth creation.
Another particularly important aspect of the planning process is the time horizon of
planning. The time horizon is also depending on the objectives of policies promoted,
since the achievement (or not) of certain policy objectives presuppose certain
timeframes to be validated. According to the PROSPECTS EU Project (PROSPECTS
2000), most countries require cities to produce plans, and specify a time horizon for
them. For example, French Plans de Deplacements Urbains are required to look ten
years ahead; UK Local Transport Plans are developed for a five year period within the
context of a 15 to 20 year strategy. The EC is considering a recommendation that all
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cities of over 100,000 populations should be required to produce Sustainable Urban
Transport Plans, covering a five to ten year period, within the context of a 20 to 30 year
horizon. The PROSPECTS Project found that most European cities produce short term
plans, but there are differing views on the need for medium and long term planning.
Most medium term plans cover a five to ten year period, and most long term plans a
period of ten to twenty years. Longer term plans are appropriate where land use and
infrastructure changes are being considered; since these may take time to implement,
and will certainly continue to influence the way in which the city develops over a longer
period.
The current trend is to move towards longer time horizons as a result of the increasing
multidimensionality and the multi-objective character of the transport sector. An
example of the strong interdependence between the time horizon and the transport
policy objectives is the emerging need of incorporating climate change considerations
and impacts into the strategic transportation planning process. The need of ‗adapting‘
transport infrastructure as a response to the increasing frequency and severity of
extreme weather events constitutes an additional reason of considering longer time
horizons in the transport planning process. However, the further one into the future
planning process looks, the less certain are the circumstances in which plans will
operate. Therefore there is a trade-off between the need to consider longer term effects
and uncertainty in doing so, which is represented in the following figure (Konsults
2011).
Figure 7:

Trade-off between longer term effects and uncertainty

Source: Konsults 2011
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Conclusively it can be stated that the transformation of the planning concept constitutes
an ongoing process, which has markedly developed over the last decade, both on the
level of considering alternative modes as well as on the level of introducing broader
objectives (both social and environmental) in the transportation planning process.
A characteristic example of the planning process for the transport system is described
in the ‗National Guidelines for Transport System Management in Australia‘ (zu weit weg
– thematisch und geografisch, Fig.2 gehört auch noch dazu) (Australian Transport
Council ‗ATC‘ 2006). The report acknowledges that Transport constitutes a complex
system, and changes to one mode of transport will have knock-on effects on others;
therefore multi-modal network objectives and strategies should be defined and
pursued. The Figure below illustrates the process of multimodal network planning as
well as the links to network assessments, funding availability, corridor and area
planning and route and link planning.
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Figure 8:

Flowchart of system planning

Source: ATC 2006

The above framework describes a circular procedure in which all phases provide and
receive feedback from ‗bottom up‘ as well as from ‗top down‘. A useful conclusion that
emerges from this approach is the need to understand and consider the transport
system as a whole, in order to achieve more efficiently and in a consistent way
performance objectives and other policy choices.
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3.1.2

Integrating adaptation into EU transport policies

Over the last decade the planning concept has significantly transformed towards the
direction of incorporating additional sustainability considerations and objectives. The
concept of ‗adapting to climate change‘ is an achievement of policy as it introduces a
new philosophy on matters regarding infrastructure protection as well as transport
planning and management. The necessity for incorporating climate change
considerations in the transport sector has widely pointed out and the discussion on
policies which will lead to this objective are set forth on an European basis (PEER
2009).
It is noteworthy that in April 2009 the European Commission presented a policy paper
known as a White Paper which presents the framework for adaptation measures and
policies to reduce the European Union's vulnerability to the impacts of climate change.
The framework focuses on the following key areas (EU Climate Action 2009):
 building a stronger knowledge base since sound data is vital in the development of
climate policy
 taking climate change impacts into consideration in key EU policies
 financing climate change policy measures
 supporting wider international efforts on adaptation by helping for example non-EU
countries to improve their resilience and capacity to adapt to climate change.
The incorporation of adaptation needs into EU transport policies is an exercise that has
to be carefully prepared, based on solid scientific and economic analysis. In each
policy area there should be a review of how policies could be re-focused or amended to
facilitate adaptation. Adaptation options will vary by transport sector and will, in some
cases, require financing. For each sector, further work needs to be done to improve
understanding of the impact of climate change, assess appropriate responses and
secure the necessary funding.
In each transport policy area, the following key questions must be answered:
- What are the actual and potential impacts of climate change in the sector?
- What are the costs of action/inaction?
- How do proposed measures impact upon and interact with policies in other sectors?
Notwithstanding these questions, in view of the projected impact, particularly on key
EU policy sectors like transport, early action on adaptation is essential. However, as
discussed earlier, there is the difficulty of introducing into the planning process long
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term effects since they lead to an increase of uncertainty. Two possible methodological
approaches for tackling uncertainty are formulating strategies for different scenarios
and appraisal together with risk analysis (incorporating uncertainty in the process).
Priority should be given to adaptation measures that would generate net social and/or
economic benefits irrespective of uncertainty in future forecasts (no-regret measures).
Priority should also be given to measures that are beneficial for both mitigation and
adaptation.

3.2

Adaptation by Spatial and Transport Planning

3.2.1

Framework of the European Union

Generally extreme events as a consequence of climate change are regarded as a
political challenge for the entire world. Thus the European Union understood the task of
adaptation as a common challenge for all member states:
In 2007, the European Commission published the Green Paper ―Adaptation to climate
change in Europe – options for EU action‖ and opened the debate on impact and
consequences of climate change in Europe. In terms of transport the paper makes
clear that the adaptation of the current transport system requires huge investment. Two
years later the Commission issued the White Paper ―Adapting to climate change:
Towards a European framework for action‖. It demonstrates the impact of climate
change and derives the need for action. It clarifies that the responsibility for adaptation
measures lies with each member state and that there is no seek for a common
strategy. It defines four focal points of action:
 Creating a base of knowledge (impacts, costs and benefits)
 Implementing of adaptation into politics
 Ensuring effective realisation (Use of market oriented instruments)
 Intensifying international cooperation (Know how transfers towards developing
countries).
In order to improve the resilience of existing transport infrastructure, a coordinated
concept of evaluation of vulnerability of critical infrastructure is demanded within this
White Paper.

3.2.2

Adaptation Strategies of the European countries

Overview
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The national adaptation strategies of the European Countries are informal, not legally
binding documents and different orientation frameworks. Usually they are elaborated
by the environmental ministries in cooperation with national cross-sectoral acteurs. In
some countries other ministries have been involved, such as in Finland, Portugal,
France, Netherlands and Spain (BMVBS 2010).
The approval of NAS has happened in different years. Finland started in 2005, Spain
and France followed in 2006, Norway in 2007, Germany, Denmark, the Netherlands
and UK in 2008, Sweden in 2009 and Portugal in 2010. The most advanced NAS has
been issued by the Netherlands, which are challenged by extreme weather events
since long time. The adaptation documents are structured according to each sector.
Affected are the sectors water management, land, civil engineering, urban and spatial
planning, transport, energy, agriculture, forestry, emergency management, health,
insurance, finances, biodiversity and tourism (cf. IFOK 2009). First of all, adaptation
strategies are the base to develop risk maps in order to localise the dangerous areas.
This is an important tool for informing the public.
The measures in the field transport and infrastructure planning are listed within the
chapters on spatial planning as well as water management. Only in the UK and Finland
there are specific documents on the improvement of resilience of transport
infrastructure towards weather extremes.
In the following the adaptation measures of four parts of Europe are analysed in more
detail. Research has been rapidly progressed developed over the past years. The
topics spatial and transport planning has been highlighted in discussions on national
level.
Annex B.4.1 shows the different institutions, documents and roles of the different state
levels in terms of spatial and transport planning. Furthermore, Annex B.4.2 gives an
overview of national adaptation strategies in terms spatial planning in seventeen
countries of the European Union divided into the description of the strategy, the
relevant actors and important projects.
Middle Europe
For middle Europe intensification and accumulation of extreme weather events such as
heat, droughts and floods are expected both from the sea and rivers. Distinct change of
dry and wet periods contributes to subsidence of ground, which causes damages at
infrastructures.
Germany has adopted a comprehensive strategy and conducts research on various
projects with focus on climate consciousness spatial planning. In terms of spatial
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planning, the German adaptation strategy highlights the meaning of planning
instruments. In practise, however, they are often not utilised (BMVBS 2010). There are
hardly any practical concepts for coping with extreme weather events. However, there
are several plans for flood prevention along rivers and coasts. Moreover, the regional
level has implemented several spatial planning projects.
The Netherlands represent a special case due to its topographic conditions; a large
part of the land lies under sea level. Thus, the national adaptation strategy has been
drafted along the spatial issues. One key element is the reduction of vulnerability of
transport infrastructure. After focussing on technical solutions in the past, such as
building material, pumping systems etc.), the current strategy highlights planning
instruments. Roads can be protected from flooding by providing enough space for
rivers for retention (infiltration). Moreover, the designation of multifunctional space
offers a temporary water reservoir of heavy rain falls (cf. Figure 9). Green areas in
cities are planned to improve the microclimatic conditions.
Figure 9:

Designation of multifunctional space

Source: Knieling et al. 2010, p.8

The risk of flooding is also given for the south and east part of the United Kingdom.
Together with the Netherlands only the UK already planned and partly realised options
for action in the field of road infrastructure.
Also Denmark, Ireland and Belgium are focussing on measures to reduce the impact of
floods, if transport infrastructure is concerned.
Northern Europe
This area, comprising the countries Finland, Norway, Sweden and Iceland will most
likely be affected by more rain falls, a general increase of the temperature, a reduction
of the area covered by snow and a decline in depth of frost. However, extreme weather
events will be less risky compared to the south European regions. Moreover, they
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might be some benefits for the transport sector, because of the shorter periods of
frozen harbours. The main problems for road infrastructure are flooding and
underwashings (cf, Meister et al 2009). The national adaptation strategies of Finland,
Norway and Sweden explicitly address spatial and transport planning. The suggested
action focuses on the flood risk (i.e. coast protection), such as
 Extension of drainage along roads.
 Enforcement and regular maintenance of dykes, bridges, infrastructure.
 Risk maps.
The adaptation strategy requires new road network plans in terms of height of roads in
order to tackle rising water tables and the risk of landslides. Generally, monitoring
systems and the preparation for extreme weather events shall be improved.
Alpine Region
In the mountainous areas of Austria and Switzerland the transport infrastructure is
challenged a lot by extreme weather events. Roads have to be adapted to the retreat of
glaciers, heavy rainfall and the melting of perma-frost soil. Especially in river valleys
floods can cause damages of the road infrastructure. Both countries are currently
developing a national adaptation strategy:
Austria elaborates his NAS with involvement of all stakeholders and analysing
international examples (cf. Federal Environmental Agency (AT) 2010). The climate
initiative AustroClim ensures that the challenges of climate change are widely
understood as interdisciplinary discussion. Measures to avoid dangers are strongly
recommended, for instance by fostering the danger consciousness, information
campaigns, issuing of risk maps and strengthening of flood risk management (cf.
Pichler 2010). The Federal Environmental Agency has developed a database of
adaptation measures in collaboration with the Ministry of Agriculture, Forestry,
Environment and Water Management and Climate- and Energy Fund.
The Swiss NAS deals with nine sectors, among others with land use, handling of
natural hazards and water management. Spatially relevant for the latter field are the
creation of new large and safe dam reservoirs and the retention areas along the rivers.
As for natural hazards special attention is needed towards land slides, storms, earth
flows and floods. Strategic aims contain the reduction of risks by effective and efficient
adaptation measures (cf. Hohmann 2010).
Southern Europe
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In contrast to the other regions the southern countries suffer Spain, Portugal, Italy and
especially Greece from water shortage, heat waves and drought periods. Therefore
adaptation projects aim to reduce water consumption in the real estate sector. In case
of water shortage, Spanish municipalities are advised to develop emergency plans (cf.
Meister et al 2009, Swart et al 2009). The Spanish NAS priories the conservation of
biodiversity and protection of water resources. Spatial Planning is implemented on a
regional base, such as the strategic environmental assessment. The NAS of the other
countries contain similar measures; for details see Appendix xxx.

3.3

Land Use and Road network planning

3.3.1

Literature review

Road network planning is one part of the spatially relevant discipline of transport
planning, which is defined as ―goal oriented, systematic, foresighted and informed
preparation of decisions, which aim to influence the traffic according to the goals.‖
(FGSV 2001, S.4). Generally, planning measures are the base for reducing
vulnerability of infrastructure and for ensuring the necessary adaptation measures
towards extreme weather events (cf. Stern 2006, IPCC 2007). But on the other hand,
the problematic of climate change has not arrived in the planning documents yet. There
are little examples where long-term planning for infrastructure considers climate
projections (Reckien et al 2008). However, there are a few countries where the issue of
road infrastructure is integrated into the national adaptation strategies:
The German Strategy for Adaptation to Climate Change has been issued in 2008.1 It
contains the objective to create effective habitat systems by linking living spaces within
the superregional road network. In order to avoid the separation of natural systems it is
necessary to thoughtfully design the planning of urban areas, and transport
infrastructures such as roads. In order to implement this strategy, an interdisciplinary
working group has been created. In terms of planning, an important measures is to
secure the road alignments by preventive planning measures. In order to minimise
the necessary urban and regional roads it is necessary to pursue a strategy of
sustainable transport planning. This can be supported by a settlement structure that
generates little traffic and enables bundling traffic together. To reach this goal, an
integrated approach of town planning and road planning is necessary and has already

1 Federal Government (2008): Deutsche Anpassungsstrategie an den Klimawandel. approved

by federal cabinet at 17. December 2008. Federal Ministry of Enrivonment, Nature Conservation and Nuclear Safety
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adopted at regional level in respect of a number of conurbations in Germany (ECMT
2002, p.12)
An example for this strategy can be seen in Hamburg, where the entire road
infrastructure of a new urban development not protected by the main dyke
(―HafenCity‖) is elevated on artificial foundations with height of 7,5 to 8 m over mean
sea level. Within these foundations, parking garages are constructed, which are
supposed to accommodate the entire individual stationary traffic (HafenCity Hamburg,
n.d.).
An important instrument within the German planning system is the Municipal land use
planning (Bauleitplanung), which enables municipalities to implement preventive
measures, such as locate roads apart from endangered areas of flooding (Federal
Government (2008). Especially Section 1 (5) Federal Building Code (Baugesetzbuch)
states the special consideration of flood protection during land use planning (BMBF
2010, p.130).
The National Strategy for Adaptation to Climate change in Finland also contains
measures in relation to road network planning. Besides infrastructure measures the
sector ―land use and community planning‖ contains new norms and guidelines for road
and railway planning and construction (Ministry of Agriculture and Forestry 2005, p.
220 et seq.). It is aimed to optimize all long term plans in terms of traffic safety and
warrant of functional capability of road infrastructure (Ministry of Agriculture and
Forestry 2009). Another study pointed out that the vulnerability to flooding should be
investigated to determine the risks and necessary improvement measures. Areas of
high flood risk should be avoided in the planning of new routes, and measures to
prevent or limit flood impacts should be considered (MMM 2003).
Another interesting country to be reviewed here would be Switzerland due to their longterm practice in adaptation planning. However, as a respective country case study will
be provided by the WEATHER International Panel, an elaboration here is omitted.
An interesting approach from Québec, Canada to tackle the problem of fluctuations in
sea levels, which also applies for European coastal areas, is the inclusion of the
management of the road system within a long-term and integrated planning of the
coastal zone (Jolicoeur and O‘Caroll 2007, p.297): ―The best way to secure
infrastructures of fundamental importance for the socio-economic development [, such
as roads,[ is probably to use such an approach in the development of a formal coastal
plan.
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3.3.2

Result of Workshop 3

During the 3rd Workshop, one topic was adaptation measures in the field of planning. In
terms of road network planning, several measures have been discussed in order to
adapt for rain, floods and mass movements. Relevant statements for the domain of
spatial and road network planning are summarised in turn. As these are also valid for
the case of railways it is referred to the respective assessment tables in Section 7.3.
The detailed executing planning of the network should be robust consider local impacts
of extreme weather events and should be of a high level of resilience. Moreover,
additional roads are necessary, which seems to be redundant, but are much needed in
emergency cases, such as flooding of urban areas.
Moreover, it has been highlighted that new infrastructure should be built at the right
place. This can only be done as a result of a cost-benefit analysis on a life cycle base,
taking into account current and future treats of
climate change.
According to the experts this is more important than improving the infrastructure at
areas at risk, such as using low cost materials or making them more resilient. Network
investment has to be done as a systematic approach including modal and multimodal
redundancy and elaborating a transport master plan.
Another measure, which can be allotted to the field of planning, is the use of ICT in
order to enable the more efficient utilisation of the existing road infrastructure. By doing
so, the construction of additional roads can be avoided.

3.3.3

Identification of baseline measures

All measures discussed above are specific to the protection against the impacts of
global warning and the change in weather patterns. Thus, in the baseline scenario we
do not assume any of these measures to be implemented for other reasons than an
increasing frequency and/or intensity of extreme weather events.

3.3.4

Assessment of additional measures

As the result of the review of the national adaptation strategies of the European
countries – especially those of the UK, Netherlands, Finland and Belgium – the
literature review and the Workshop the following additional measures can be
considered as most important:
In the field of road network planning:
1. Shifting of road alignments beyond areas at risk
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2. road alignments with less land consumption and more effective utilisation
of existing infrastructure.
Additionally in terms of sustainable settlement planning the following measures can
reduce the vulnerability of roads:
3. Avoiding urbanisation of areas at risk
4. Concepts of removing the hard surfaces that are covering the ground/land
rehabilitation program
Within an electronic survey among almost 200 experts an assessment of the measures
has been undertaken. The results of the assessment are, as far as availabe, shown in
the Standard Reporting Forms in Annex B.
Common for all four measures are the difficulties of implementation, since there are
many interest and acteurs influencing road network planning and settlement pattern in
Europe. Consequently it will be only done in case the change of climate and weather
patterns is recognised with sufficient certainty. Table 4 lists the measures and the
subsequent paragraphs provide a brief assessment.
Table 4:

Road network and settlement planning - additional measures

Measure

Comment

Relevant
events

Benefitcost-ratio

Shifting road alignments

Applies for new and existing roads

All

o

Road alignments with
less land consumption

More effective utilisation of land and
infrastructure

All

+

No urbanisation at areas
at risk

―Hazard check‖ to be part of the
building permission

All

++

Removing hard surfaces

In order to improve infiltration of
water

Rain and
Floods

o

Symbols: ―++‖: high benefit cost ratio; ―+‖: moderate benefit cost ratio; ―o‖: positive
benefit cost ratio in specific cases;
Source: Fraunhofer ISI, 2011

Shifting Road alignments
The alignments of urban, regional and national roads are decided after carrying out a
certain procedure. Usually this also includes a cost-benefit analysis; however, the
standards are different among the countries. In order to guarantee the proper
consideration of the danger of climate change and natural hazards, such as extreme
weather events, a life cycle approach is necessary. Whereas it is relatively easy and
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quick to apply to for new roads, it is difficult for already existing roads, which lie in
vulnerable areas.
Depending on the case (new planning or realignment) the costs will be very different. In
case of new planned roads, the measure can be rather easily implemented, however,
most (major) roads are already planned in Europe. Thus, the major case will be the
realignment of already existing roads, which are located in area of risk. The costs are
high, because the shifting process requires a fully new planning procedure. However,
also the benefits are quite high, since the previous problems can be entirely avoided.
Road alignments with less land consumption
In most cases roads should be planned in an efficient thus economic way. However,
considering a possible damage due to weather extremes, the criteria of consumption of
land should be higher weighted. In order to keep the desired road capacity ITS
measures should be implemented such as dynamic speed control and flexible lane
direction designation. In case of urban roads also concepts of ―shared space‖ should
be considered.
The benefit of this measure is stated to be moderate, since investment costs can be
lowered. However the costs are very low, balancing the savings on constructions costs
with the investment in ITS.
Avoiding urbanisation at areas at risk
This measure is already considered since long term, especially for areas, endangered
by regularly natural hazards, such as floods, volcanoes or avalanches. However,
strong economic interest of the landowners and developers and local political interest
makes it very difficult to realise this measure for new urbanisation. As for already
existing developments it is even more difficult to withdraw an already given building
permission.
If the implementation succeeds, the benefits of the measure would be rather high, and
the direct cost would be virtually zero.
Concepts of removing hard surfaces that are covering the ground
To adapt to climate change and extreme weather events also means to undertake
measures within the urban structure. One major problem of the vulnerability of cities
(and urban roads) to heavy rain and floods are the high level of sealing, i.e. surface
covered and concrete and asphalt. Therefore areas which are not required anymore
(such as seldom used parking areas) should be renaturated and the urban concept
should include a sufficient amount of green areas such as parks and grass. However,
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there is often little leeway to remove the hard surface in highly densely urbanised
areas.
The benefits are high for the process of infiltration, but in case of heavy rain or flooding
this is often not enough, so that the benefit will be estimated as moderate. The costs
are also moderate, depending on the extent, to which the measure is locally
implemented.

3.4

European rail network design

3.4.1

Literature review

The paper on adaptation strategies to climate change of the railways system in
Sweden (Lindgren, J., etc al, 2009) provides an excellent overview at European and
international level of practices and approaches about the integration of railways
planning and climate change.
The emerging picture at European level is characterized by a still uneven framework, in
which only a few countries, e.g. UK, France, explicitly recognize the relationships
between climate change impacts and planning infrastructure development.
By the way, the fragmentation of competences and the institutional failure in tackling
the problem of how climate change could be included in railways planning is also
confirmed by the different frameworks regulating more in general the spatial planning in
the European context (showed in the table below).
Table 5:

Rail network planning procedurs in Europe

Countries

Spatial planning of selected countries – agencies, planning
documents and their function

Belgium

Federal level does not possess core competencies/responsibility for
the spatial planning; it does not exist a national spatial plan

Denmark

Department of the Environment adopts general basic conditions for
planning of the subordinate levels (legally binding documents with
national planning policy and guidelines for regional and local
authorities)

Finland

Department of the Environment is responsible for spatial planning;
Tasks: List of national guidelines; a national spatial plan does not exist;
spatial use authority issues legally not binding strategic principles for
national spatial planning

France

Commission state development and contestability responsibly for
planning in interaction with regional and local authorities; Adoption of
sector-referred/public administrative plans on national level.
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Countries

Spatial planning of selected countries – agencies, planning
documents and their function

Greece

National economic- and social plans are composed from the parliament
(every 5 years) - general facts to the regional development and spatial
planning

Germany

Competences of spatial planning authorities differ according to their
position within the German administrative system. Government and
administration in Germany are organized in a federal structure
consisting of the national level, the states and local authorities.

Ireland

The Irish national Spatial Strategy contains parameters for planning;
Planning of the following levels must be considered in NSS

Iceland

It does not exists a formal planning instrument; Planning and land
development law implies that planning commission is responsible for
planning in the range transport

Italy

General parameters for planning activities are delivered, but no central
planning agency is appointed.

Luxembourg

Ministry for inside and spatial planning places spatial planning
concepts for federation and region; not responsible for conversion of
planning; Concept not legally binding; contains sector goals, defined
general guidelines

Netherlands

Legislation and spatial planning of the national level contains planning
parameters; spatial planning law defines official competencies,
instruments and procedures of planning.

Norway

Ministry of Environment acted as national planning authority and
carries responsibility for planning of the regional and local level

Austria

No national spatial plan; matters which aren´t reserved for the
federation, fall into the scope of responsibility of the countries

Portugal

Political guidelines and regulatory and legislative framework; Coordination of regional planning, relationship between center and local
government and land use planning

Sweden

Ministry of Environment carries the responsibility for spatial planning;
Ministry for agriculture and industry is responsible for sectoral planning
(transport); national authorities formulate Policies

Switzerland

Authority of the basic principle legislation, all spatial planning tasks are
considered; it doesn´t take place a detailed formulation of the plan;
Federation coordinates spatial planning of the cantons

Spain

No institution or planning authority is responsible for the spatial
planning; no regional plan

United Kingdom

No central government agency is responsible for spatial planning
because of the decentralization of the governance in Scotland, Wales
and north Ireland; England: Responsibility by the office of the Prime
Minister, conversion by municipalities and cities; national spatial plan
doesn´t exist

Source: Compilation by ISIS, 2011
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Concerning rail planning, it has been stressed (Lindgren, J., etc al, 2009) that in
principle the long time horizon used in the planning process for new investments in
railway infrastructure could be consistent with the extreme weather events long-term
occurrence. In fact, typically, railways are expected to operate at full capacity for a 60year period (Pyddoke, 2002) but looking in more detail, the lifetime of different
installations can be substantially longer, up to 100 years for culverts and bridges
(Swedish Commission on Climate and Vulnerability, 2007). Given this background, it is
likely that the combination of a long time horizon in railways planning and design, the
increasing demand for rail traffic in the future and climate change extreme weather
events raise many questions regarding how adaptation to climate change can be
accounted for in the planning, design and management of railways.
However, despite these favourable pre-conditions, at European level few documented
examples of initiatives related to climate change adaptation can be found among the
European Rail Administrations.
 In the Netherlands, for example, with its high density of rail infrastructure in low-lying
coastal zones, adaptation to coastal flooding and sea-level rise is a major concern
(Nillesen and van Ierland, 2006).
 The Network Rail, which manages the U.K. rail infrastructure, recognises both
climate change impacts and the need for adaptation as issues that will affect the
performance and management costs for their infrastructure (Network Rail, 2007).
 In France, the Ministry in charge of Ecology, Directorate General for Energy and
Climate, launched in 2010 a plan for climate change adaptation which also included
rail infrastructure (DCEG, 2010).
At international level, in Canada, the Natural Resources Canada (NRCAN) (a
government department) has concluded that the rail infrastructure is susceptible to
temperature extremes and that extreme cold conditions are currently more problematic
for railways than severe heat (NRCAN, 2009).
In India, an evaluation has been made of the potential impacts of climate change on
the Concan railway along the west coast of India (Shukla et al., 2003).
Finally, the U.S. Department of Transportation has commissioned an inventory and
evaluation of potential climate impacts on railroad operators (Rossetti, 2002). The
evaluation concludes that the effectiveness of strategies to address (current) climate
impacts needs to be assessed.
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3.4.2

Interviews and Workshop 3

The WEATHER Workshop 3 held on May 20th in Rotterdam has provided several
insights about the climate change adaptation measures addressing the rail system
planning. Other contributions were also provided by the proceedings of the first
WEATHER Workshop in Brussels on 14 September 2010.
In particular, as far as the Workshop 3 is concerned, the first out of the two parallel
afternoon sessions discussed infrastructure-related issues, with a dedicated session on
Infrastructures and Planning.
The presentation of Henrik Ammoser2 provided insights into transport, communications
and disasters as well as the planning and recovery software VISMOD development
within a TU Dresden research project. The presentation stressed that transport and
communication systems are expected to work independently from weather effects.
Indeed, not every extreme weather event must be a disastrous event causing problems
in a transport network.
But these systems are vulnerable, because of their complexity, the rising value of
facilities and the high urban density. Moreover, infrastructure is usually underfinanced
so that one has to invest money every year to repair the damages of hard winters. The
Technical University (TU) Dresden conducted a computer based analysis of causality
networks and simulated the evacuation process in case of disasters using the example
of the recent flooding of the River Elbe in 2002. The approach showed the potential
benefits arising from prognosis of disaster scenarios through the modelling tool, able to
analyse:
 Disaster precautions (scenario analysis).
 For disaster recovery forces, authorities and population.
 For subsequent evaluation of disaster events and their recovery measures for
scientific purposes.
 Design of traffic network models: load behaviour (overload, under loaded), routing,
etc, as showed in the figure below:

2

Available
2011.php

at

http://www.weather-project.eu/weather/inhalte/adaptation-workshop-may-
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Figure 10:

Disconnection of networks by river floods

Source: Henrik Ammoser (2010)

The Workshop experts suggested and discussed a set of adaptation measures
addressing infrastructure planning in general (including rail planning). The following
measures have been suggested:
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Table 6:

Suggested rail infrastructure planning measures

Measure

Hot spots

Comments

Robust network planning

Rain, floods and
mass
movements

Instead of deconstruction (because
redundant emergency infrastructure is
needed)

Build new infrastructure at
the right place

Rain, floods and
mass
movements

Instead of:
Displacement of infrastructures to safe areas
More resilient infrastructures in areas at risk
Low cost infrastructures in areas at risk

More efficient use of
infrastructure by ICT

Rain, floods and
mass
movements

Relocation of assets (raiway)

Rain, floods and
mass
movements

Source: Veitch slide3

Network investment as
systematic
approach/scheduled
investment

Rain, floods and
mass
movements

Incl. modal and multimodal redundancy and
elaborating a transport master plan, Source:
Ray (tested for the road sector)

Capacity plans

Rain, floods and
mass
movements

Communication aspects, Radio, News,
Internet Source: Veitch slide4

Source: WEATHER Workshop 3, 2011

In terms of evaluation, the experts were asked to provide an average range of
weighting, to be filled and returned through a questionnaire during or after the
workshop.
The following table summarises the expert‘s opinions for a sample of measures
addressing the network planning in general.

3

Available at
2011.php

:

http://www.weather-project.eu/weather/inhalte/adaptation-workshop-may-

4

Available at
2011.php

:

http://www.weather-project.eu/weather/inhalte/adaptation-workshop-may-
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Table 7:

WEATHER Workshop 3: evaluation of network planning measures

Measure

Robust (redundant) network
planning

Risk
reduction
potential

Feasibii
ty

Flexibi
lity

Wider
impacts

Cost
range

3

3

3

+1

2

Source: WEATHER Workshop 3, 2011

The table shows that in general a robust planning is considered a low risk measures
with potential high returns in terms of flexibility, feasibility and cost-effectiveness5.
Concerning the first Workshop, the RFF (Réseau Ferré de France) rail infrastructure
manager representative Samuel Brunet showed the methodology to set up a process
for rail planning involving by the other:
 The risk assessment: analysis of threats, vulnerability and consequences
 The Geo-located overview of the consequences of an extreme weather episode on
infrastructure elements
 The final planning and designing risk proof rail infrastructures.
The presentation6 has stressed that the validation of the methodology and the relative
cost assessment will be available at the end of 2011.
In general, the discussion during the WEATHER Workshops reached consensus that
the criteria benefits and costs, and finally cost effectiveness, are of key importance for
the ranking of measures, including those related to rail planning. Both, costs and
benefits, should be carefully considered through the entire life cycle of the projects.
With respect to the partly vague situation of data availability participants suggested to
directly estimate benefit-cost-ratios rather than to collect and assess data for both
indicators separately. However, on European and national level detailed guidelines for
benefit cost assessments exist and is common practice in transport planning.
5 Risk reduction: (0=no risk reduction, 3=very good risk reduction)

Feasibility: (0= no feasibility / high resistance, 3= very good feasibility)
Flexibility: (0=no flexibility, 3=high flexibility)
Wider Impact: measure (-3=very negative impacts, +3=very positive impacts)
Range of costs: (in share of respective life cycle costs: 0=<1%, 1=2% - 10%, 2= 11% - 25%,
3=26 – 50%, 4=51 – 100%, 5=>100%)
6 See the http://www.weather-project.eu/weather/inhalte/Vulnerability_Workshop_Sept10.php
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3.4.3

Identification of baseline measures

The UIC Winter and Railway study7 and in particular Ulla Juntti (2010), has provided
an overview of adaptation measures involving the procedures for planning of railways
operations.
The considerations addressed the opportunities, strategic actions and examples of best
practices underpinning rail planning in Finland, as specified below:
 Opportunities: Strategic planning on the political level when drawing up a transport
policy, supplemented with risk analysis concerning unexpected events, e.g. harsh
weather conditions.
 Strategic actions: Long-term contingency plans, risk assessment, deciding what will
happen if harsh weather conditions last more than one week, 1-2 weeks, etc.
 Examples of Best Practice: Network Rail has built up a National Monitoring Centre
with a day-to-day service providing weather forecasts from over 150 weather
stations. Finland too has a National Monitoring Centre.
In terms of baseline measures, it has been stressed the importance of the following
measures:
 Contingency plans for traffic reduction in disturbed situations and practise to
implement of such plans.
 The availability of skilled, knowledgeable and experienced personnel in order to
make the contingency plan efficient.
 Reliable long-term weather forecasts.
At urban level, GTZ (2009) provided a framework for adapting the urban transport
planning to climate change. The report stresses that climate change adds to the
dynamics of urbanisation and increases the uncertainty in decision-making. Therefore,
a robust decision-making is required that takes different scenarios into account,
combining both climate change and socioeconomic scenarios.
The following steps and measures can be recognized for developing an integrated
adaptation strategy for urban transport development (including the development of rail
network).
 To identify clearly individual investments and maintenance decisions (e.g. new rail
network and public transport facilities).

7 The following Infrastructure managers are involved in the project: Deutsche Bahn, Germany,

VR Track, Finland, ProRail, the Netherland, Trafikverket, Sweden, Network Rail, the United
Kingdom, Jernbaneverket, Norway and Banedanmark, Denmark
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 To develop mobility concepts in urban areas (e.g. public transport routings,
accessibility schemes for selected urban areas).
 To set up a comprehensive transport master plans (with medium to long-term
investment and policy implications).

3.4.4

Assessment of suitable adaptation measures

As stressed by Lindgren, J. (2009), when planning and designing adaptation actions in
the railways sector are concerned, the effects of potential goal conflicts should be
carefully assessed, in order to avoid the implementation of counter-productive
measures. Moreover, the possibility of creating synergies with climate mitigation goals
and other environmental goals should be investigated and exploited.
Unfortunately, a comprehensive framework for the assessment of adaptation measures
in planning rail infrastructure is lacking, due to the still few practices across the
European authorities.
The following steps are needed towards the direction of the development of a
consistent framework for assessment.
1.

Mapping of different types of climate threats, vulnerabilities and their
consequences, in order to guide the implementation of adaptation measures.
Such mapping would also help in prioritising efforts to reduce vulnerability.

2.

Climate change should be considered in the early stages of the planning process,
i.e. to be included in the risk and vulnerability analysis methods that are used in
the planning process.

3.

The potential consequences of climate events should be evaluated, in
association with the development of appropriate methodologies concerning risk
and vulnerability assessments. This would ultimately lead to the prioritarisation of
measures.

4.

Methodologies to perform risk and vulnerability assessments, should be forwardlooking. Explorative, rather than predictive, future-orientated tools should also be
included. Scenarios, back-casting and expert opinion workshops are examples of
methods that might be used to approach uncertain future conditions and that
might prove to be essential for assessing future threats and evaluating adaptation
measures.

For example, in the Swedish case study on the adaptation measures for rail planning,
Lindgren, J. (2009), it has been stressed that one important process that has to be
improved in order to cope with future climate change is the systematic mapping of
climate-related vulnerabilities and threats to the system. The author claimed that no
such mapping has been carried out in Sweden, even for the present climate, and the
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empirical results from the case study show that the current strategies for adaptation are
mainly event-driven or reactive.
Similar considerations are provided in the context of urban policies (GTZ, 2009). In
order to provide a consistent assessment of the measures, it is suggested, with
reference to a generic urban area, at the outset, to consider a wide range of potential
options. In doing so, a large group of experts should be involved. Especially where
information of future impacts is uncertain, it is stressed, measures that contain low or
no regret options should be identified.
The following checklist in the form of basic questions is suggested in order to provide
guidance for the assessment:
a) Who should be involved?
b) What are the options for adaptation of rail infrastructure?
c) What are the options for adaptation of vehicles (focus public transit)?
As stressed in the case of the Swedish example, the prioritisation of transport
development alternatives and adaptation options represents an important step, in
particular in a context of limited resources.
Based on the vulnerability and risk assessment, the list of adaptation options of the
draft development plan and its alternatives can be appraised. At the same time, the
assessment can also take other implications of each option into account, such as the
resulting CO2 emissions and pollution of different development and adaptation options
and other public objectives, such as cost effectiveness or equal access to mobility
arising from the rail infrastructure planning.
An assessment of the procedures for involving climate change in rail planning has been
provided in Brunet (2010). The Annex B.4.3 provides further details to the evaluation.
The overall methodology is depicted in the following picture.
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Figure 11:

Scheme for involvement of climate change in rail planning

Infrastructure
database
Weather data
(actual or
simulation)

Knowledge on
previous events

2-steps System
of interpretation
of infrastructure
vulnerability :

Fields :

-1 – based on existing
data

Way

- 2 – based on expertise
(field investigation +
simulation calculation)

River hydraulics

Wastewater
management

Way installations

Superstructures
Environment

Soil and geotechnics

Geo-located overview of the consequences of an
extreme weather episode on infrastructure
elements
Source: Brunet, S. (2010)

The RFF methodology addresses the difficulties to forecast the climate and probability
of extreme weather events through the assessment of increasing impacts and costs
towards the application of a « risk management approach ». The methodology
distinguishes two main categories:
 the existing infrastructures, that must be designed both on the basis of climate
stability hypothesis (for example : the 100 years flooding ) and on short and non
significant weather data.
 the new lines, for which the risk management approach must assess which level of
risk is acceptable to manage both risk and cost several methods; no-regret strategy,
reversible or flexible options, systematic safety margins, slow adaptation strategies,
etc.
In terms of results, the following preliminary results must be stressed:
 Where are the weakest points of rail infrastructure? Bridges.
 What are the main risks? Probably rainfall and flooding.
 How many does it cost to improve/to fix? With reference to one line, a first
assessment estimates at least 100 M€.
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3.5

Maritime Spatial Planning and Adaptation

3.5.1

Literature review

3.5.1.1

Current status and future of EU policy framework

Over the last years the continuously increasing magnitude and frequency of extreme
weather events has led the EU Commission to initiate a number of research projects,
scientific studies and discussions dedicated to the identification of suitable adaptation
measures. Rising sea levels, droughts, floods, heat-waves and storms, with their
attendant risks, are becoming more common. Thus it is considered that unless
appropriate actions are taken to adapt to the risks, the impacts on businesses,
environment and communities may become increasingly severe. Although many steps
have been made towards this direction, the day when adaptation considerations will be
a concrete and specific component of the Integrated Maritime Policy in the EU still
remains far away.
 The European Commission has recently updated its strategic goals and
recommendations for the EU Maritime Transport Policy until 2018 (EU Commission
Communication 2009). In this Communication the Commission presents the main
strategic objectives for the European maritime transport system up to 2018. In broad
terms, the strategic goals and recommendations of the Commission
Communication refer to two main issues (EU Commission 2009).
 The ability of the maritime transport sector to provide cost-efficient maritime
transport services adapted to the needs of sustainable economic growth of the EU
and world economies and.
 The long-term competitiveness of the EU shipping sector, enhancing its capacity to
generate value and employment in the EU, both directly and indirectly, through the
whole cluster of maritime industries.
The EU ‗Integrated Maritime Policy‘ (IMP) seeks to provide a more coherent approach
to maritime issues, with increased coordination between different policy areas. It
focuses on various topics such as (http://ec.europa.eu/):
 Issues that do not fall under a single sector-based policy e.g. "blue growth"
(economic growth based on different maritime sectors).
 Issues that require the coordination of different sectors and actors e.g. marine
knowledge.
More specifically the cross-cutting policies covered by the EU policy framework include
(http://ec.europa.eu/maritimeaffairs/): marine data and knowledge, integrated maritime
surveillance, maritime spatial planning, ‗blue growth‘ and sea basin strategies. These
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policies cover all maritime aspects, namely from operational and technical to pure
planning issues.
The relevant issues of the ‗EU Maritime policy‘ to planning considerations are
addressed in the branch of EU Policy called ‗maritime spatial planning‘ (MSP). Maritime
spatial planning (MSP) is about planning and regulating all human uses of the sea,
while protecting marine ecosystems. It focuses on marine waters under national
jurisdiction and is concerned only with planning activities at sea. Together with the
‗Coastal Zone Policy‘ which aims at the promotion of the ‗Integrated coastal zone
management (ICZM)‘, cover all the planning policy aspects (management of coastal
zones, spatial planning of sea-land interface etc).
The MSP introduces a new philosophy on maritime matters regarding the environment
and constitutes a key instrument of the Integrated Maritime Policy (IMP) to help public
authorities and stakeholders to coordinate their action and optimize the use of marine
space to benefit economic development and the marine environment. MSP can play an
important role in mitigation, by promoting the efficient use of maritime space and
renewable energy, and in cost-efficient adaptation to the impact of climate change in
maritime areas and coastal waters (EU Roadmap for MSP 2008).
 The term ‗MSP‘ originates from the ‗terrestrial spatial planning‘ which is used as an
essential governance instrument to establish political priorities about the use of land.
The transfer of the term to maritime issues is explained from the fact that despite the
increasing pressure stemming from maritime activities, progress in planning issues
for the seas has far remained limited. Maritime spatial planning is an essential tool
for managing these various activities particularly taking into account the
competitiveness of the European maritime economy. Specifically, MSP aims to
provide a stable framework which brings legal certainty and predictability, combining
the issues of economic development and environmental considerations. In this
sense Maritime spatial planning makes an important contribution to climate change
mitigation and adaptation (EU Roadmap for MSP 2008). Since in the upcoming
years, phenomena such as sea levels rise, acidification, increasing water
temperatures and more extreme weather events, is expected to increase, the use of
maritime spatial planning will be crucial in order to both foresee and manage these
events.
The European Integrated Maritime Policy along with the underlying Marine Strategy
Framework Directive is currently driving the development of maritime spatial planning
in most EU Member States. The EC‘s Communication describing a ―Roadmap for
Maritime Spatial Planning‖ highlights 10 key principles upon which this development
should be based (EU Roadmap for MSP 2008):
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1.

Using MSP according to area and type of activity: Management of maritime
spaces through MSP should be based on the type of planned or existing activities
and their impact on the environment. A maritime spatial plan may not need to
cover a whole area (e.g. EEZ of a Member State).

2.

Defining objectives to guide MSP: MSP should be used to manage ongoing
activities and guide future development in a sea area. A strategic plan for the
overall management of a given sea area should include detailed objectives.
These objectives should allow arbitration in the case of conflicting sectoral
interests.

3.

Developing MSP in a transparent manner: Transparency is needed for all
documents and procedures related to MSP. Its different steps need to be easily
understandable to the general public.

4.

Stakeholder participation: In order to achieve broad acceptance, ownership and
support for implementation, it is equally important to involve all stakeholders,
including coastal regions, at the earliest possible stage in the planning process.

5.

Coordination within Member States — Simplifying decision processes: MSP
simplifies decision making and speeds up licensing and permit procedures, for
the benefit of maritime users and maritime investment alike. Coordinated and
cross-cutting plans need a single or streamlined application process and
cumulative effects should be taken into account.

6.

Ensuring the legal effect of national MSP: MSP In the same way that terrestrial
planning set up a legally binding framework for the management of land, MSP
should be legally binding if it is to be effective. This might also raise the issue of
the appropriate administrative framework for MSP.

7.

Cross-border cooperation and consultation: Cooperation across borders is
necessary to ensure coherence of plans across eco-systems. It will lead to the
development of common standards and processes and raise the overall quality of
MSP.

8.

Incorporating monitoring and evaluation in the planning process: The planning
process must be flexible enough to react to policy changes and allow plans to be
revised in due course. To meet these two requirements, a transparent regular
monitoring and evaluation mechanism should be part of MSP.

9.

Achieving coherence between terrestrial and maritime spatial planning - relation
with ICZM: Achieving consistency between terrestrial planning (including coastal
zones) and maritime planning systems is a challenge. Coastal zones are the
―hinge‖ between maritime and terrestrial development. Drainage areas or landbased impacts from activities such as agriculture and urban growth are relevant
in the context of MSP. This is why terrestrial spatial planning should be
coordinated with MSP. The respective services should cooperate and involve
stakeholders so as to ensure coherence.
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10.

A strong data and knowledge base: MSP has to be based on sound information
and scientific knowledge. For this reason the Commission has started several
scientific and data gathering tools that will assist MSP in this process. These
include a European Marine Observation and Data Network (EMODNET), an
integrated database for maritime socio-economic statistics (currently under
development by ESTAT), the European Atlas of the Seas (to be delivered in
2009) and the Global Monitoring for Environment and Security (Kopernikus).

3.5.1.2

Adaptation Strategies of the European countries

MSP is a fairly new process. An increasing number of Member States are using or
preparing to use it, and EU projects have started to develop a range of tools and
criteria for MSP. Even though approaches to maritime spatial planning on a national
level are traceable, the emerging picture at European level is characterized by the lack
of an integrated framework, in which only a few countries recognize the relationships
between climate change impacts and maritime spatial planning.
Brief descriptions on the different existing approaches on Maritime Spatial planning for
a number of European countries is provided in the following Table.
Table 8:

National adaptation strategies

Countries

Existing approaches, tools and methods for Maritime Spatial Planning
among EU Member States

France

Introduction of the ‗schéma de mise en valeur de la mer‘ for Lake Thau
in the Mediterranean and the Arcachon Basin in the Atlantic. The
scheme focuses on coastal zone development, includes measures
such as zoning of activities, and identifies areas for particular maritime
uses France is currently developing a framework law for the
environment that will include specific provisions for the management of
maritime activities.

Greece

Set up a network of focal points and establishment of a national
adaptation strategy with regard to climate change in the long-run. A
study launched by the Bank of Greece finished in June 2011, aiming at
identifying the vulnerabilities and economic impacts of extreme
weather events on the transport system of Greece.

Germany

Extention of its terrestrial planning law and thus federal powers for
MSP to the EEZ. The recently developed maritime spatial plan covers
all three dimensions of MSP (surface, water column and sea bed) and
identifies zones for specific maritime activities. The plans will enter into
force with the adoption of a legal ordinance.

Belgium

Use of zoning in a ‗Master Plan‘ to allocate marine space for specific
maritime uses. The driving forces are sand and gravel extraction and
offshore wind energy. A second planning phase will determine sites for
marine protected areas (NATURA 2000 network). The plan allows
permits and licences for a given type of activity to be granted only
within the identified zones and is subject to regular monitoring and
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Countries

Existing approaches, tools and methods for Maritime Spatial Planning
among EU Member States
evaluation.

Netherlands

Development of an Integrated Management Plan for the North Sea
2015. The plan introduces an integrated assessment framework for all
activities requiring a permit. Opportunity maps have been created for
maritime uses that are bound to fixed locations and expected to show
the strongest growth.

Norway

Development of an Integrated Management Plan for the Barents Sea
and the sea area off the Lofoten Islands. It provides a framework for
sustainable resource use and for existing and new activities. It takes
into account that marine environment vulnerability varies over time and
emphasises the importance of scientific knowledge. Norway intends to
develop integrated management plans for the Norwegian Sea and the
Norwegian part of the North Sea.

Portugal

Set up of a National Strategy for the Seas (2006) which seek to
integrate sectoral policies and to define principles for MSP and
Integrated Coastal Zone Management (ICZM). An Inter-ministerial
Committee for Sea Affairs was created in 2007.

Poland

Regulation of spatial planning in marine areas through the ‗Marine
Areas of the Republic of Poland and Maritime Administration Act‗.
Under Interreg IIIB a pilot project on MSP in Puck Bay was recently
finalised including a study on spatial development on adjacent land.
Poland intends to change its national planning law to give maritime
spatial plans legal status and develop such plans for all Polish waters.

Sweden

In Sweden the adoption of a Marine Bill was in 2009. The bill sets forth
an integrated approach to national maritime policy, including the use of
MSP.

Spain

Adoption of a Strategy for the Sustainability of the Coast in 2007. The
Spanish regions of Asturias, Cantabria and Andalucia have developed
integrated plans to manage their costal zones.

United Kingdom
and Scotland

Prepared a Marine Bill as an overarching legislative policy framework,
which sets up a maritime planning system for all their waters. Both Bills
provide for a new administrative structure (the Marine Management
Organization) to simplify permit and licensing procedures. What these
bills have in common is an integrated approach to national maritime
policy, including the use of MSP.

Source: Compilation by CERTH-HIT, 2011

It is noteworthy that many European countries have developed integrated maritime
management plans, which provide guidance for decisions relating to the marine areas.
However, in order to reach at the harmonisation of policies and integration of all
measures and tools into a single framework, much remains to be done.

3.5.2

Interviews and Workshop 3

The WEATHER Workshop 3 has provided significant insights about the climate change
adaptation measures addressing the maritime and port planning. Apart from the
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generic planning measures that could be implemented (proposed for all transport
sectors), the experts made a step further proposing more practical and implementable
solutions, which could be translated as measures that address the objectives of the
‗European Ports Policy‘.
More specifically, the general ‗planning‘ suggestions proposed by the experts are
common with the other modes addressing rain, floods and mass movements, and
namely include the issues of robust network planning (instead of deconstruction
since redundant emergency infrastructure is needed), building new infrastructure
(ports) at the right place, more efficient use of infrastructure by ICT, network
investment as systematic approach/scheduled investment, soft measures (e.g.
capitalization of experiences, new decision and governance structures).
Apart from the aforementioned measures, the experts provided several other
measures-suggestions in relation to planning adaptation needs for ports. Table 9
compiles the measures proposed in the workshop, the suggestions from the
presentations and the results of the discussion for infrastructures and transport
planning on ports. The measures are grouped according to activity field and, where
appropriate, by transport mode.
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Table 9:

Port adaptaton measueres proposed in WEATHER Workshop 3

Measure

Hazard

Details

Flood and iinfrastructure protection
Port area adaptation strategy
to cope with higher water
levels

Rain and floods

Development of a toolbox with public
stakeholders in order to prevent
causalities and social disorder
Source: van der Meer (slides 8,14)

Develop islands in front of the
coast line

Rain and floods

Apply software for traffic
planning and evacuation

Rain and floods

Ex. VISMOD + VISEP (TU Dresden)
Source : Ammoser (slide 14)

Develop a risk culture with
communication to all
stakeholders involved

Rain and floods

Source: Ammoser (slides 16-18)

Guarantying ‗inland transport
capacity‘ during low river
discharge

Heat

expansion of storage areas
effective modal shift during low water
periods
optimal waterway management (ICT
solutions)
infrastructure measures: canalization,
building of groynes and locks
Source: van der Meer (slides 8, 23)

Guarantying fresh water
supply

Heat

High sea water levels in combination
with low river discharge causes salt
intrusion
Source: van der Meer (slides 8, 24)

Inland Waterways

Source: WEATHER Workshop 3, 2011

It is clear that beyond the suggested ‗hard‘ measures that aim to protect new and
existing infrastructure from weather impacts, it is also needed to include some
measures for quick recovery after extreme events have happened. Especially for the
field of flood protection it has been emphasised that it is very necessary to learn from
other regions and actors. Due to the different climate zones within Europe a lot of
possible extreme events happened already somewhere in Europe. Thus it is important
to focus on transferable measures. Furthermore, it was underlined that international
cooperation is essential in case of cross-border issues like a major river or the coast
line. However, there is a general conflict between shipping business and water
safety/flood protection. Best practices can help to find the right measure for other
countries.
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3.5.3

Identification of baseline measures

The ‗Climate Risks and Business of Ports‘ Report of the IFC (International Finance
Corporation of the World Bank Group) on adaptation strategies to climate change of
ports provides an excellent overview at the international level of practices,
considerations and solutions about the integration maritime policy and port design with
climate change.
The gaps and barriers in relation to climate change risk and adaptation assessments
identified in this study fall within the following categories (IFC 2011):
 Lack of quality localized data (such as LiDAR elevation datasets),
 Uncertainty in future climate projections, relative to climate change timescales,
 Lack of knowledge of existing climate risks and adaptation measures,
 Short time horizon for investment decisions, and
 Failure by other organizations to acknowledge climate change.
In response to the aforementioned barriers the Report provides a list of potential
adaptation measures and strategies which address specific weather phenomena which
is presented in Table 10.
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Table 10:

General adaptation measures towards climate change

Source: IFC (International Finance Corporation of the World Bank Group)
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3.5.4

Assessment of suitable adaptation measures

A robust and detailed assessment of adaptation measures in relation to planning was
conducted during the WEATHER Workshop as well as with additional questionnaires
provided to experts. Figure 5 in Section 2 shows the average range of weighting
proposed by the experts who have completely filled and returned the questionnaire
during or after the workshop. To avoid presenting the maximum ranges across the
entire table edge values have been cut off if stated only once. The evaluation scheme
for the five criteria is defined in Section Table 11.
Table 11:

Planning adaptation measures

Measure

Risk
reduction

Feasibil
ity

Flexibi
lity

Wider
impacts

Cost
range

National Policy to change
incentives in concession contracts

2

2

3

2

1

Construction and reinforcement of
dikes and embankments

2-3

1-3

1-3

-1 - 0

2-3

Enlargement and deregulation of
river beds to increase capacity

1-3

0-2

1-3

-1 - +1

2-3

1-3

1-3

0-3

0 - +1

1-3

3

3

3

+1

2

1

3

1/3

0

2-3

2-3

1-3

1-3

0 - +1

1-3

Infrastructure protection (ports)

Network planning in general
(Deconstruction and) more efficient
infrastructure use + Intelligent
Transport Systems
Robust (redundant) network
planning
Inland waterway transport
Increase of the vessel measures
―length‖ and ―width‖
Maritime shipping
Smart technologies for abnormal
events detection
Source: WEATHER Workshop 3, 2011

3.6

Conclusions

Planning for weather extreme events together with timely risk-assessment constitute
the appropriate method which should feed all policies aiming at increasing resilience of
the transport sector with a view to reducing the long-term impacts and costs associated
to climate change. Particularly, special attention must be given to those regions which
are more vulnerable to climate change and those with low adaptive capacity. Although
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more specific information on the costs of adaptation is needed, several studies and
research projects already underline that the cost of actions addressing climate change
(including mitigation and adaptation measures) will be much lower than the costs of
inaction over the long term.
The following Figure illustrates the relationship between the coping range, critical
threshold, vulnerability, and a climate-dependent variable (Willows and Connell 2003).
As shown by the blue area, adaptation aims to reduce vulnerability by increasing
climate-related critical thresholds and coping ranges.
Figure 12:

Relation between coping range, critical threshold and vulnerability

Source: Willows and Connell (2003)

The figure highlights two basic parameters associated with adaptation and planning of
the transport sector which are: the time horizon, the risk from weather predictions.
Turning to 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 is in direct
relation to the expenditure on adaptation actions for optimizing their net present value,
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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 (IFC 2011).
On the other hand, determining trigger dates may be difficult when there is high
uncertainty about future climate change. For this reason, risk analysis in relation to
future weather events and calculation of the associated probabilities should be part of
the analysis.
Furthermore, it is proposed that on the strategic planning level the following
considerations must be taken into account concerning the ‗character‟ of the measures
(IFC 2011):
 „No regret‟ adaptation measures, which are actions with benefits that outweigh
their costs, whatever the extent of future climate change.
 „Low regret‟ options are low cost measures with potentially large benefits under
climate change.
 „One-off‟ adaptation involves investing in one up-front adaptation measure which
provides resilience against climate change throughout a certain period of time.
 „Adaptive management‟ is an approach whereby adaptation actions are applied
incrementally in response to changing conditions or new knowledge, allowing the
most appropriate decisions to be made at each point in time, based on the latest
evidence.
 „Win win‟ options contribute to climate adaptation while also delivering other
benefits.
Finally, it is noteworthy that climate change considerations should be integrated in the
planning process of transport using a holistic approach, emphasizing in the multimodal
character of the transport system as well as in the incorporation of the external effects
of transport. Interrelationships evaluation between transport modes when dealing with
extreme events is a complex task that should be part of the analysis.
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4

Adapting Infrastructure Technologies

Infrastructures are the basis of all modes of transport. This chapter will discuss
adaptation measures for infrastructures of the modes road, rail, inland waterways and
maritime navigation based on a short hot spot analysis to determine issues and regions
of special interest.

4.1

Scope and hot spots

Deliverable D2 elaborated on climate change and effects on extreme weather events.
The following subchapters on infrastructure adaptation will focus on main issues
regarding the modes, therefore a hot spot analysis has been carried out. A detailed
analysis can be found in Annex A for each mode.
Road and Rail infrastructures are mainly endangered by storm surges in coastal
regions, wildfires in South Europe and general floods. Above, in combination with bad
maintenance, high or low temperatures (especially changes between 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.
Inland Waterways depend on navigable water-levels. Thus, droughts and (flash)
floods are one main danger to a 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 is mainly depending on the operability of the ports, which is
reduced by storms, floods and storm surges as well as long frost periods and snow.

4.2

Road infrastructure

4.2.1

Literature review

Many studies about possible impact of transportation on climate change have already
been done. Nevertheless, only some publications have been found about the
vulnerability of transportation due to more frequent and more intensive extreme
weather events, which are a consequence of climate change.
During the review, many sources were analyzed and compared to each other to make
proposed measures and their evaluation as objective as possible. To ensure that
proposed measurements respond to predicted climate changes in Europe, in addition
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to literature on possible adaptation measures, many available climate projections and
analyses of historical weather extremes were analyzed within this part of the project.
As known, the most common pavement material in Europe is asphalt (for ex. in
Germany ca. 95% of all sealed roads are built with asphalt), whose properties highly
depend on the temperature. For these reasons, the impact of climate change on
asphalt pavements was primarily taken into consideration in this section.
The need to deal with the consequences of climate change is very well expressed by
Sascha Kayser, who has been working in the research field of climate impact on
asphalt pavements for many years. The asphalt road surface response depends on the
traffic loads and the temperatures within the asphalt layers. Any change in the climatic
condition directly influences the inflexibility properties and thus the resistance to
permanent deformation of the asphalt layers. Future climatic changes may lead to early
road surface damage if they are not considered adequately within the design process.
For this reason, a broad knowledge of the relevant load factors is imperative as a basis
for economically and ecologically sustainable road surface design and construction in
the future [Kayser, 2009].
Properties of asphalt, in contrast to other building materials, strongly depend on
temperature. For this reason, not only the change in duration or intensity of extreme
temperatures influences deterioration of pavement. Changes in mean temperatures are
equally important and must be considered.
One of the findings of the European project ―Pavement Performance & Remediation
Requirements following Climate Change (P2R2C2)‖ [Dawson, 2010] shows that the
most critical change needed in pavement design and construction should probably be
the drainage system. Drainage system is normally designed for extreme heavy
precipitations with life span shorter than one hour. For this reason, statements that
extreme rain events will be more intensive and more frequent are not precise enough
to evaluate the required measures. Unfortunately, current climate simulations are not
able to simulate accurately the trend in precipitations with such a short life span.
Detailed findings from the literature review are presented in section 4.2.4 ―Assessment
of suitable adaptation measures‖.
Considerations on Urban Public Road Transport
Bus systems rely on a usable road infrastructure and bus stations. The longer the
waiting times for passengers at bus stops, the more comfort and shelter may be
needed. For example, as summers in the United Arab Emirates are hot, the Public
Transport Agency of Roads and Transport Authority began installing 815 air-
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conditioned bus stops with an overall value of 42.2 Mio Euro for the whole project [AME
2007]. However, it can be questioned whether this is an environmentally friendly
solution. In Bandar Kinrara/Malaysia a similar project started with air-conditioning for 10
hours a day (9am to 7pm). Maintenance is expected to be needed once a month [Star
2011].
Figure 13:

Air conditoned bus stations in Dubai and Bandar Kinrara [Payne
2009], [Star 2011]

Source: AME (2007)

4.2.2

Interviews and Workshop 3

In addition to the literature review, the 3rd WEATHER Workshop held on 20 May in
Rotterdam and interviews with experts were used for finding and evaluation of possible
adaptation measures.

4.2.2.1

Workshop 3

During the 3rd Workshop all modes of transport were discussed with focus on road and
rail. The objective of the workshop was:
 Set of adaptation measures, which were commented and extended by the
participants;
 Evaluating of the measures using a rough multi criteria evaluation system.
The participants in the workshop filled in a questionnaire to evaluate and rank the
measures proposed by the project team and added by the participants.
Concerning possible adaptation of road infrastructure, a presentation ―Adaptation
Investment Strategy for existing road network: Preliminary considerations‖ was given
by Michael Ray from EGIS Group, which since 2004 works in the field of adaptation to
climate change and participates in research projects concerning roads (e.g. GERICI,
RIMAROCC). Due to the presentation, the existing network will require the heaviest
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investment to future-proof it against the potential consequences of climate change.
Taking as example the French road network, it is likely that more than 95% of the
network at the end of this century will be comprised of currently existing infrastructure.
Furthermore, the adaptation strategy must be based on the knowledge and evolution of
climate change, various technical options, and socio-economic analyses.
An important aspect is that climate change will influence the entire socio-economic
system. Moreover, financial needs are difficult to schedule. It is important to say, that
investment strategy studies for existing networks must form a part of a systemic
approach, i.e. the entire transport system should be taken into account and not only the
road network on its own. The solutions should be examined at various scales and
include risk acceptability.
Outcomes of the discussion on adaptation strategies are following:
 The maintenance of infrastructure is a key factor for network resilience. First of all,
the regular and careful supervision and timely rehabilitation of infrastructure should
be guaranteed, what is often neglected nowadays due to budget constraints.
 Regulation schemes have been regarded as important as physical adaptation
measures. It is very important to give appropriate incentives to stakeholders to apply
adaptation measures.
 Measures for quick repair after extreme events are needed.
 International cooperation and learning from each other are necessary; Best
practices are useful for finding the proper measures in other regions or countries.
 Education and training of civil engineers ought to be improved since many
technologies are already known but often not applied due to awareness or lack in
qualification
 Measures for adaptation should not be consider separately but should include the
impact on other policy areas.
 Differences in risk culture among European countries might make the international
cooperation more difficult.
 Benefits, costs, and finally cost effectiveness are most important for the ranking of
measures.
 Benefit-cost-ratios have to be considered for the entire life cycle of projects.
 A standardized European evaluation scheme on life cycle basis is recommended.
 Strong dependence of the evaluation on the related region has been highlighted.
The findings from the 3rd Workshop are similar to the findings from the literature review.
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4.2.2.2

Interviews

Interviewed experts highlighted that the impact of climate change should not be
investigated only regarded the road infrastructure, but wider aspects of civil
engineering have to be taken into consideration.
Moreover, it was suggested that not only proper drainage, but also adequate design of
road cross sections is essential to reduce vulnerability of roads to intensive
precipitations. In addition, all layers of pavements have to be constructed properly to
ensure resistance to water.

4.2.3

Identification of baseline measures

It is difficult to predict the development for the next 40 years, and even more difficult to
predict the costs of construction materials and technology. However, it is very likely that
many of the measurements found in the literature will be in place anyway till 2050. It is
important to say that in case of planning and designing of infrastructure some
measurements should be implemented as early as possible in order to prepare
constructions for future conditions.
Moreover, impact of other influences like demographic development, technology
progress, trends in life-style, and development in transport will be probably much more
significant than climate change.
First of all, development in fields of monitoring and design guidelines is likely to change
undependable from climate conditions.
Improvement in maintenance standards can be driven by expectations of road users.
The following subchapter gives an overview and assessment of identified measures.

4.2.4

Assessment of suitable adaptation measures

This section presents evaluation and detailed description of findings from the literature
review on adaptation measurements for road infrastructure. The findings are amplified
with outcomes of the 3rd Workshop and interviews with experts.

4.2.4.1

Prediction of future climate conditions with focus on roads

Since possible adaptation of road infrastructure depends on future weather conditions,
it is essential to improve predictions for climate change. Considerable uncertainty may
consequently lead stakeholders to no-action or reduce the cost-effectiveness of
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proposed measurements. For this reason, climatic models should be improved and
downscaled.
Recently, much has been done in this field. To give an example, the Probabilistic
Climate Change Projections [UKCP] provide road authorities with data which can be
helpful to assess the risk of change in particular conditions. As a result, it is easier to
find proper measurements.
Literature review of currently available climate projections shows that expected
changes in future climate conditions will be significantly different in particular regions.
Probably for this reason, many authors highlight the importance of downscaling of
projections. For instance, the importance of detailed description of probable climate
change in Europe was highlighted in the P2R2C2 project [Carrera, 2010 b].
According to [Kayser, 2007], not only changes in temperature and precipitations
characteristic but also other climate factors are essential, e.g. wind speed, solar
radiation, humidity. It was found out that solar radiation may be more important than air
temperature [Carrera 2010 b]. Furthermore, [Kayser, 2010] states that special
simulations are needed to estimate the influence of changing weather conditions on
durability of asphalt pavements. According to [Grauert, 2010], local weather stations
close to roads would be beneficent to estimate the conditions on the roads more
exactly.
Generally speaking, precise predictions of climate conditions are the base of
adaptation strategy.

4.2.4.2

Use of new construction materials and new technology

Reducing of vulnerability of infrastructure can be achieved with new construction
materials and new technology. Most important findings are presented below:
 Development of new, heat-resistant paving materials [NRC, 2008].
 More common use of polymer-modified bitumen. - Leads to improving of mechanical
properties of asphalt mixture, e.g. more resistance to rutting. Due to expected
extreme events, for example extreme heat, should be consider more common use of
polymer-modified bitumen. Costs increase due to current prices found in Germany is
about 10% - 20% for asphalt mixtures [Wilhelm]. On the other hand, reducing of the
thickness due to better properties may be possible. It is well known, that the
properties depend on the art of modification and supplier. Prices for high modified
bitumen can be higher than given above.
 Improvement in pavement technology, for instance compact asphalt (―hot on hot‖
technology). - Leads to better mechanical properties and durability of pavements.
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 Using polymeric grids to avoid rutting. - Some publications suggest that polymeric
grids can reduce deformation during hot weather. According to [Dawson, 2010, Rep.
Nr 11] may not be cost effective.
 Using materials on the surface which reflect solar radiation and consequently reduce
temperature within the pavement. - Many authors, e.g. [Kayser 2009] propose using
light-coloured gravel. Prices may be local different (depend on availability of bright
rocks). Positive side effects are for instance safety improvement (due to better
visibility at night) and reducing of ―heat island effect‖.
 Water-retention pavement, proposed by some authors, for example [Kawakami]. - It
can be difficult to implement in most of the European regions with hot summers, due
to the lack of precipitation in this season.
 Polymeric and other non conventional aggregate treatments. – An example is the
soil treatment with Dry Powdered Polymers (DPP). Since DPP are costly, a costeffectively use may be limited to regions with exceptional conditions, e.g. high risk of
flooding or with high water table. [Carrera, 2010 a].
 Rubber addition to asphalt. - Leads to improvement of properties of asphalt mixture,
avoids rutting, and makes possible reduction of the thickness of asphalt pavement.
Furthermore, antioxidants in old tires used for modification of asphalt retard its
aging. A positive side effect is the usage of old tyres and, as a consequence, the
reducing of amount of waste. However, it should be considered that rubber can be
harmful to environment.
 Ultra-thin, fibre-reinforced concrete overlays and special micro-surfacing. According to [Dawson, 2010, Rep. Nr 11], the negative effect of extreme heat can
be reduced with this measure owing to increase of stiffness of surface and greater
reflection of solar radiation.
 Using new additives for asphalt pavements. - An example can be anti-stripping
additives, which can help to avoid stripping due to possible increase in
precipitations.
 Fibre reinforcement (fibres of diverse types, for example glass fibres, added to
cementitious stabilisation). – Some authors, e.g. [Carrera, 2010], indicate that these
additives make materials stabilised by cement less brittle.
 More common use of porous asphalt. - Very intensive rain may lead to aquaplaning
and safety problems. It is well known that porous asphalt help to remove water from
the road surface. Other positive effect is the reduction of noise compare to asphalt
concrete. Furthermore, [Carrera, 2010 a] suggests that porous asphalt is more
resistant to stripping. On the other hand, it is known that porous asphalt has shorter
service life.
 Foam bitumen stabilisation – proposed by [Carrera, 2010] for soil stabilisation. Due
to the authors, addition of small quantity of lime or cement has further advantages.
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 Materials with higher thermal conductivity. – [Kayser, 2010] proposed construction
materials with higher thermal conductivity to reduce temperature within asphalt
pavement.
 Geosynthetics (see Figure 14), for instance for reducing reflective cracking and
rutting in pavements, for drainage, and geotechnical reinforcement. - Using of
geosynthetics may also be needed to avoid erosion due to intensive precipitations.
The main functions of geosynthetics are separation, filtration, reinforcement, and
drainage.
 Using drainage materials that can be easier inspected and maintained. – Many
authors highlight that regular maintenance is a very important measure to avoid
flooding and guarantee bearing capacity of roads. Predicted more frequent and
more extreme precipitations can cause more frequent maintenance works after
extreme events. To reduce the expenditure in the future and to make quick repairs
possible, designed drainage systems should be easy to maintain.
Figure 14:

Different types of geosythetics

Source: http://en.wikipedia.org/wiki/Geosynthetic

It is difficult to predict which construction materials will be in common use about 2050
and even more difficult to estimate cost effectiveness of materials used in the future.
Some new technologies, nowadays very expansive, can become much cheaper when
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they are in common use. It is also impossible to estimate which new materials will be
developed during the next decades.

4.2.4.3

Design of pavements for future weather condition, improvement
of design standards and technology

Many experts from Europe and other continents underline that it may not be enough to
maintain empirical design methods that were working well in the past. Changing
technology, changing properties of construction materials, increasing traffic, higher
permitted load on pavements, and changing environmental conditions need to be
considered when designing pavements. Design methods based only on empirical data
may not be sufficient to incorporate changing factors.
A solution for this problem can be the mechanistic design methods. [Thodesen, 2010]
states that ―mechanical-empirical design methods allow designers to evaluate different
materials in different environmental as well as different traffic conditions and are,
therefore, to be preferred‖. Also other authors underline the importance of changing
from the empirical methods to mechanistic-empirical, and finally, into mechanical
methods. Since many roads in Europe have been still designed with old methods,
much effort should be done to improve mechanistic methods and accelerate their
implementation in design standards.
Regarding deterioration processes, some contrasting opinions were found in the
literature. [Dawson, 2010, Rep. Nr 11] states that climate is changing too slowly to
make significant impact on pavements during their life span. By contrast, [Kayser,
2007] claims, based on his model calculations for Dresden in Germany, that an
increase of 1K in case of asymmetric change in temperature may lead to an increase of
more than 50 percent in deterioration ratio.
Due to different results, it is recommendable to conduct further research in this field
since a rehabilitation of the base course is much more expensive than rehabilitation of
only the asphalt layers above the base course.
Hoff [2010] found out that even a significant increase in temperature (maximum
temperatures as well as mean temperatures) will have little impact on the bottom-up
cracking. However, a statement that says that even a significant change in
temperatures will not have much impact on deterioration of asphalt base course, and
consequently bottom-up cracking, calls the well known strong dependency of asphalt
properties on temperature into question. One can suppose that pavements may be little
affected by increase in temperatures if the change will be taken into account when
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designing pavements. According to [ARA, 2004], choosing the right stiffness of
pavement minimizes the influence of temperature.
Since global warming may result in much faster deterioration of asphalt pavements, it is
important to take into account future climate conditions by the design process. [Kayser,
2010] However, giving as example German Guidelines [RDO], pavements are
designed based on past temperature characteristics. Furthermore, it is important to
predict precisely temperatures within the asphalt layers. [Wei, 2010] For this reason, it
is recommendable to analyse not only the influence of global warming on the surface
temperature, but also on the temperatures within the pavement. A possible response to
change in temperature conditions may be, for instance, proposed by [Kayser, 2009] an
increase in thickness of the base course. As example, Figure 15 shows the increase in
thickness of base course needed to achieve a service life of ca. 30 years (estimate for
Dresden, Germany).
Figure 15:

Increase in thickness of base course needed to achieve a service
life of ca. 30 years

Source: [Kayser 2009] (changed)

If also temperature minima will increase, another possible reaction can be design for
stiffer asphalt mixtures. Climate change has also positive consequences on road
constructions. Due to increase of min. temperature in winter, it may be possible to
reduce the subbase. A study at Technical University of Dresden was conducted to
analyse a possible reduction of subbase in Germany [Kayser, Patzak 2009]. The
results show that a reduction between 6 cm and 18 cm may be possible in the future.
However, in thin construction designed for low traffic, ductile deformation can
dangerously increase in asphalt pavements due to the reduction of subbase. In case of
thicker pavements designed for heavy traffic, only a reduction of more than ca. 18 cm
can lead to increasing of ductile deformation in pavement decisively. In case of rigid
pavements, it is well known that extreme heat may lead to shifting of concrete slabs
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due to thermal expansion of concrete. To avoid damage, special attention should be
paid to joints in concrete pavements. It is recommendable to consider possible
increase of extreme high temperatures when designing rigid pavements.

4.2.4.4

Design of pavement mixtures more resistible to future regional
weather conditions

It is well known that the properties of asphalt mixtures depend on numerous factors.
Through modification of bitumen, bitumen ration, grading curve, properties and shape
of aggregates, or additives it is possible to influence the properties of pavements
mixtures and consequently the properties of pavements. To design properly pavement
mixtures for future climate conditions and minimize effects of extreme events, it will be
necessary to change the design process of asphalt mixtures. According to currently
available predictions, future environmental conditions will be changing with significant
differences between regions. For this reason, it would be beneficent to take into
account the regional differences when designing pavement mixtures. Similar to
problems described in point 3, empirical methods may not be adequate to design
mixtures under changing conditions. Furthermore, mechanical properties of asphalt
mixtures have to be estimate for mechanical pavements design methods. This can be
achieved with performance tests. New design methods should be targeted at required
mechanical properties.

4.2.4.5

Maintenance of pavements

Most authors highlight the importance of maintenance of pavements. Due to
restrictions in budget, many roads are not maintained satisfactorily and are
consequently more vulnerable to extreme events. An example can be more rapid
deterioration of pavements caused by water, if pavements are in poor condition (many
cracks that enable water to infiltrate into pavement). In addition, more financial means
should be planned for maintenance in the future since more frequent and more
intensive extreme events will accelerate the deterioration of pavements. Enhanced
maintenance will have numerous positive side effects, for instance safety improvement,
better appearance of roads, higher comfort of road users, and slower mechanical wear
of vehicles. The intervals between maintenance works are normally short enough to
react to changing climate. The importance of proper maintenance is emphasized by
[Adesiyun, 2011]. He states, that ―a delay in road maintenance by 3 to 5 years could
increase the required costs by between 6 and 18 times. With climate change, and more
specifically as a consequence of extreme weather events, the costs of deferred
maintenance may escalate even further.‖ However, [Ray, 2011] suggests, that
sometimes, if a road is in a very bad condition, it may be more cost efficient to use the
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road without any maintenance work and then rebuild the road taking into account new
conditions, considering even a more advantageous location. Moreover, it may be
beneficent to use new design methods to evaluate the rest of life service of roads and
then to propose a proper maintenance work. According to the final conference of the
programme ―Road Owners Getting to Grips with Climate Change‖ [ERA-NET ROAD,
2011], there is public acceptance to raise the budget for road maintenance.

4.2.4.6

Design of road networks (reducing of vulnerability)

Many authors state that the vulnerability of road infrastructure can be reduced at the
level of network planning, taking into account climate change. As an example, [Culp,
2009] proposes restrictions of development in floodplains, return of some coastal areas
to nature, and relocation of some sections of roads. Moreover, he suggests that
development in vulnerable regions can be influenced through higher flood insurance
rates. However, this measure has strong limitations in developed countries since
probably the major part of the network at the end of this century will be comprised of
currently existing infrastructure.

4.2.4.7

Adequate design and maintenance of bridges and tunnels

High temperatures lead to thermal expansion of bridges. For this reason, possible
higher temperatures should be taking into account when designing bridges. Joints
should have the ability to accommodate predicted thermal expansion. Many authors
suggest updating the design standards. Furthermore, due to probable higher maximal
water flow in rivers caused by extreme precipitations, higher loads on bridges have to
be considered. BAST [Tegethof, 2011] compares in its ongoing project predicted
impact of extreme weather conditions with current and past design codes. Special
attention should be paid to tunnel drainage. In addition, [NRC, 2008] proposes higher
pumping capacity for tunnels and elevation and protection of bridge and tunnel
entrances, as well as protection of bridge abutments with riprap.

4.2.4.8

Improvement to stability of slopes and embankments

Due to more intensive extreme precipitations or negative changes in condition of
protective vegetation, landslides can occur more frequently. For this reason, additional
works or changes in design standards may be needed to improve stability of slopes.
According to [Tegethof, 2011], especially in winter time, landslides can occur more
frequent. Hopefully, the ongoing project conducted by BAST [Tegethof, 2011] will give
detailed information regarding possible protection of slopes. The stability of slopes can
be improved by protective vegetation, proper drainage, usage of adequate construction
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materials, and appropriate maintenance. Granular protection may be needed if the
moisture of soil is insufficient to sustain vegetative protection. Regarding design
standards, reducing of gradients of slopes or usage of materials more resistant to
erosion may be needed, as well as many types of retention facilities.

4.2.4.9

Vegetation management along roads

According to hot spots, falling trees and wild fires will be causing serious problems as a
consequence of more frequent and more intensive extreme events. The impact of
droughts, causing wild fires, and storms can be reduced with adequate vegetation
management along roads and in surrounding areas. Some vegetation species are less
vulnerable to wild fires or can resist heavier storms. To avoid obstructions in traffic and
safety problems in case of high wind speed, some trees in a bad condition may need to
be cut down. A positive side effect of cutting down trees which can cause problems is
the improvement of safety on roads. However, the effect on environment would be
negative. Remove the vegetation close to road may be beneficent regarding drainage,
since roots can clog drains. Furthermore, vegetation washed out by intensive rain may
lead to a malfunction of drainage system. Proper vegetation management is also
important to avoid landslides end soil erosion caused by intensive rain.

4.2.4.10

Sealing of unpaved roads

[Dawson, 2010, Rep. Nr 11] reports that currently unsealed roads in central Nordic
regions may have to be stabilised. This would be very costly. A positive side effect is
the reduction of dust. As environmental standards and expectation of road users are
rising, probably many roads will be sealed independently of climate change until 2050.

4.2.4.11

Special measures in permafrost regions

Climate warming can cause serious problems in permafrost regions due to losing of
soil stability. To counteract, [NRC, 2008] proposes use of different types of passive
refrigeration scheme. [Culp, 2009] recommends the use of insulation in the road prism,
crushed rock cooling systems, and stabilizing of embankments. In some cases, it may
be more cost-effective to relocate roads.

4.2.4.12

Measures in response to raising water table

Rising water table, caused for instance by sea level rise, can cause problems to road
infrastructure. To minimize the impact, it is recommended to elevate the infrastructure.
However, it would be possible only for new constructed roads. Another effective
measure is drainage upgrading, which can be implemented to existing roads.
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4.2.4.13

Installation of monitoring systems combined with effective
communication to users

It was established that traffic obstructions lead to serious economic consequences
[Enei, 2011]. This can be minimized with installation of monitoring systems. Nowadays,
monitoring becomes more common not only because of weather extremes. It is very
likely, that in next decades monitoring systems will be much more widespread and less
expensive. When information about traffic obstruction and alternative routes are
delivered directly to road users, economical consequences can be reduced
significantly. In addition, monitoring systems are helpful to detect malfunctioned
infrastructure elements, for example drainage. Proper monitoring of bridges, land
slopes, and water-flows (flood levels) help to avoid catastrophes.

4.2.4.14

Taking into account another aspects of climate change and
weather extremes

[Dawson, 2010] highlights possible indirect consequences of climate change. He
concludes that aspects like transportation method, vehicle type, demographic change,
or road users‘ expectations may have more significant impact on road construction and
maintenance in the future. In his opinion, we should keep in mind that some of these
impacts may be influenced by climate change.

4.2.4.15

Cooling of electronic infrastructure

The participants in the 3rd Workshop [Doll, Klug, 2011] suggested a need for improving
of cooling systems for electronic infrastructure on roads. Extreme heat may lead to a
malfunction of telematic systems or traffic signals. Electronic equipment should be
designed to be more resistant to heat.

4.2.4.16

Changes in operations

Due to changing environmental conditions, some changes in operations may be
needed. Extreme events are likely to cause traffic obstructions and limitations. An
example can be load limitations during extreme heat. However, expectations of road
users and some trends, like increasing importance of just-in-time supply, make such
limitation unacceptable. [Dawson, 2010] states that road restrictions on secondary
roads in Nordic regions are likely to become more frequent (due to longer thaw
periods). In addition, road condition should be estimated using sensor technique.
Positive expected changes are extension of construction season, and reduction in
snow removal in regions where snow cover will decrease.
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4.2.4.17

Cooperation between climatologists and road authorities

Since early adjustment of road infrastructure is beneficent, regional different changes
need other adaptation measures, and adaptation strategy should be adjusted to new
results in climate projection, the cost effectiveness of taken action can be improved
through cooperation between climatologists and road authorities.

4.2.4.18

Tools to help decision makers to invest right for adaptation
measures

An example is the project ―RIMAROCC - Risk Management for Roads in Changing
Climate‖ [Adesiyun, 2011] which help to estimate the risk of climate change.

4.2.4.19

Investment in research on properties and behavior of
pavements

Nowadays, exact deterioration processes of roads are still not fully understood. For this
reason, it would be beneficent to improve understanding of behavior of pavements and,
in this way, prepare the infrastructure to changing environmental conditions more
adequately. This can be achieved with higher investment in research projects. This
measure may be very beneficent even without climate change and can lead to more
reasonable usage of natural resources.

4.2.4.20

Flood control

It is very likely that floods will cause serious damage not only to the road infrastructure
as a consequence of predicted more intensive precipitations. Better flood control can
be achieved for instance through adjustment of protective walls and levees, retention
areas, and regulation of rivers. It is important to say that proper flood control is needed
even in the case of constant climate conditions.

4.2.4.21

Design of road drainage for future weather condition

Many authors suggest higher dimensions of drainage systems as response to changing
precipitation characteristic. However, the trend in intensive rains of short life span
(relevant to dimensioning of drainage system) is different from region to region and
often it is impossible to find significant, explicit trends. According to [Grauert, 2010],
drainage systems are probably always upgraded due to climate change, despite of
predictions of drier conditions in some areas. Easy maintenance can be achieved with
self-flushing drains that can be inspected without difficulty. Rising water table should be
considered in the design process [Dawson, 2010]. Furthermore, according to [Carrera
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2010c], good drainage is possible to attain with right road alignment, so that water can
flow away and not infiltrate into pavement.

4.2.4.22

Maintenance management system for road drainage

The importance of proper and scheduled maintenance of road drainage is underlined
by most authors. Results of the project ―SWAMP – Storm Water Prevention, Methods
to predict Damage from the Water Stream in and near Road Pavements in Lowland
Areas‖ suggest that flooding can be prevented particularly through the cleaning and
maintenance of drainage.

4.3

Rail infrastructures

4.3.1

Literature review

The literature review is structured along the different weather events effecting the
European rail infrastructure system. Adaptation measures identified in the existing
literature (References see Annex B.1.2) are listed for each event. The measures are
categories as technical measures or maintenance measures.

4.3.1.1

Heat & drought

For heat and drought different technical measures (a lot of for cooling of signals and
improvement of steel) and some maintenance measures have been found in literature.
Some of the measure are rather similar and will be summarised in the chapters
following the literature analysis.
Technical measures
8

 Improvement of cooling signals : to sustain signal functions during periods of
extreme heat.
 Improvement of cooling electronic infrastructure2 – constant cooling of electronic
9
equipment : to avoid overheating and ensure operations on the rail infrastructure.
 Installation of fans to keep equipment functional during periods of extreme heat3:
and avoid therewith delays and cancellations of trains.
 Endless welding of rails2: can eliminate the risk of rail buckling.
8 Arbeitspapier zur Vorbereitung des Stakeholderdialogs zu Chancen und Risiken des Klima-

wandels – Verkehrsinfrastruktur – Dialoge zur Klimaanpassung Verkehrsinfrastruktur, 2009
9 Climate Adaptation of Railways: Lessons from Sweden – Johan Lindgren, Daniel K. Jonsson,

Annika Carlsson-Kanyama, 2009
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10

 Pre-stressing of steel :
 can occur either thermally, by actually heating the steel during installation or
 mechanically by stretching the steel to introduce the desired stress prior to fastening
it to the crossties
 Upgrading of track: track should be replaced as part of normal maintenance,
upgrades to handle increased traffic volumes, or replacement due to storm surge or
other catastrophic events. The cost to upgrade track can vary depending upon the
type of upgrade, the slope and curvature, as well as the number of bridges and
tunnels. Costs to replace track range from $0.3 million to $1.9 million per kilometre,
excluding any additional right-of-way expenses.7
11

 Deployment of heat resistance material : to avoid rail buckling and therewith delays
and cancellations of trains, as well as in worst case derailments.
 Selection of suitable vegetation near the rail corridor: to reduce the risk of fire2.
Maintenance measures
 Intensive monitoring of track temperatures2: for early reacting (with speed limits and
shorter trains for a shorter braking distance and lower loading capacity for lower
impacts on tracks) to avoid possible rail buckling7 and therewith damages on rail
tracks, trains and peoples due to derailment, cancellation of trains, blockade of track
sections etc.
 Improvement of measures for identification of damages2
 Increase of maintenance activities due to excessive heat5
 Updating of temperature maps in order to reflect the true mean temperatures3

4.3.1.2

Rain & flood & mass movements

For this weather event many different technical adaptations measures have been
reported in existing literature. May of them are already implemented ―somewhere‖.
These technical measure are in most cases additional constructions to protect the
infrastructure and do not belong to the infrastructure itself. Maintenance measures are
also relevant for adapting infrastructure to climate change. Such maintenance
measures regarding Rain, flood and their consequent events belong especially to
vegetation management.
10 Impacts of Climate Change and Variability on Transportation Systems and Infrastructure:

Gulf Coast Study, Phase O – U.S. Climate Change Science Program Synthesis and Assessment Product 4.7, 2008
11 Impacts of Climate Change on Transport and Adaptation in Asia – Madan B. Regmi and

Shinya Hanaoka, 2009
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Technical measures
 Construction of hillside-fixing (on track sections which are endangered through
landslips and landslides)2: to avoid damages due to landslips etc. on rail tracks,
trains and people. Furthermore the construction of hillside-fixing can avoid, blockade
of track sections, cancellations and delays.
 Changed planning and dimensioning2:
 dimensioning of drainage stations and pumping stations of tunnels
 dimensioning of bridges and delivery channels
 changes of storm and water management – equipments on bridges, drainage
systems and tracks.
 Slope protection work at side slopes5.
 Construction of subsurface drains5.
 Usage of ecosystem services3:
 small meandering water courses could buffer high water levels better than
manmade drainage systems.
12

 Construction of levee gates :
 Good practice in Australia: steel sliding gates have been implemented at two
railway openings in the Launceston levee. The gates are expected to hasten
closure of the levee in the event of flood and significantly reduce levee closure
time and therefore delays to trains. The new gates can be closed in less than one
hour from mobilisation. The project costs $ 100,000.
 Planning of new rail lines in fewer vulnerable areas2: where coastal flooding is
impossible.
 Consideration of line relocations2: for sections where coastal flooding occur very
often, for long sections where the costs are very high if coastal flooding occur.
 Flood control measures for protection of tracks2.
 Construction of embankments2: to protect rail tracks against flooding.
 Construction of protection walls and warning signs5: to avoid the flooding of rail
tracks and to advise people regarding potential risks.
 Realignment of coastal rails5: to avoid flooding and the connected risks.
 Limiting construction in highly vulnerable areas (e.g. floodplains, coastal areas)13: to
avoid flooding of tracks and the connected risks.
12 Natural Disasters in Australia – Reforming mitigation, relief, and recovery arrangements; A

report to the Council of Australian Governments by a high level officials‘ group, August
2002
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Maintenance measures
 Increase of maintenance activities due to extreme rainfall4: to avoid obstructions
which lead to flooding or to identify changes or damages early.
 Regularly clearing of drain4: to avoid obstructions in the drainage system and
herewith flooding of rail tracks or flooding which affect the stability of embankments
or the stability of the ground.
 Regularly clearing of vegetations4: to anticipate the danger and disturbance through
fallen trees or line-of-sight obstructions.
 More frequent inspection of steel bridges for corrosion4: to work against corrosion
damages early.
 Flood estimation, return period, design discharge and high flood level need
consideration for designing bridges5.
 Discharge estimation (flood return period), size and discharge capacity, cross slope
and free board (clearance) are design parameters which need consideration at the
designing of culverts5.

4.3.1.3

Storm & hail

To protect infrastructure against storm and hail many very different technical measures
are presented in literature. This leads from specific vegetation planting to the
replacement of overhead wires by integral track power supply (which would lead to
complete change of the railway system in Europe). Regarding maintenance only one
relevant measure could be identified in literature.
Technical measures
 Changes in planning and dimensioning of bridges2: are needed to protect bridges
against the effect of the increasing number of storms.
 Construction of protection forests or protective barriers at rail lines 2: can reduce the
wind speed which bounce against rail infrastructure.
 Replacement of rail overhead wires by integral track power supply2: overhead
contact wires most sensitive to storm damages; integration in track. High investment
costs for tracks and rolling stock.
 Usage of ecosystem services3
 some trees withstand higher wind speeds than others: it‘s important to choose
trees which withstand high wind speeds for planting near rail infrastructure.

13 The Potential Impacts of Climate Change on Transportation – Potential Impacts of Climate

Change on Railroads – Michael A. Rossetti, 2002
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 Plantation of vegetation which need no or not much care along rail lines2, 7.
 Establishing wider rail corridors to reduce vulnerability to falling trees – maybe
counterproductive because a wider corridor can result in larger temperature
differences in the track zone and this may challenge future objectives to reduce
vulnerability to fires or rail buckling.3
 Tree-free zones2: the danger of damages and disturbance through fallen trees
decrease in tree-free zones – but there is a conflict of aims with overheating of
tracks, which could minimized with clouding due to trees and other plants.2
 good practice in Sweden: zones with no trees along central rail lines, because
forest aisles without cultivation along rail lines decrease the danger of damage
and disturbance through fallen trees. – the establishment of tree-free zones
around the tracks could result in increased vulnerability to heat an temperature
variations, as well as reduced vulnerability to high wind speeds.3
Maintenance measures
 Frequently cutting back of trees: to minimize the risk of falling leaves and falling
trees2.

4.3.1.4

Others

In this chapters two relevant maintenance measures that do not belong to the above
weather extremes but have also a connection to weather are presented.
Maintenance measures
 Abolishment of leaves2: the growing season for deciduous trees that shed their
leaves may be extended, causing more slipperiness on railroads and visual
obstructions.14
 Better management of the leaf foliage7.

4.3.2

Interviews and Workshop 3

In addition to the literature review the 3rd WEATHER Workshop held in Rotterdam in
spring 2011 and supplemental expert interviews are the main source for the
identification of adaptations measures for the rail infrastructure. The workshop and also
the expert interviews have been used for assessing the identified measures, too.

14 Impacts of Climate Change and Variability on Transportation Systems and Infrastructure:

Gulf Coast Study, Phase I – U.S. Climate Change Science Program Synthesis and Assessment Product 4.7, 2008

75

WEATHER D4: Adaptation Strategies

4.3.2.1

Relevant Measures

The experts (on the workshop as well as the interviewed one) clearly stated that
maintenance of the infrastructure as well as of already existing infrastructure protection
systems is the most important measure to handle extreme weather events. The less
the infrastructure and its protections systems are maintained the more vulnerable is the
infrastructure.
With regular and careful supervision and timely repair, rehabilitation or replacement of
infrastructure assets it is possible to protect the infrastructure against many weather
events. The same is true for protection systems. They are only useful if they are
maintained adequate. The following bullet points bring some examples:
 As described in WP2 the problems in UK with heat periods (buckling of railways) is
caused more or less because of the old, very often bad maintained infrastructure
that is still in use. A replacement of the assets in time would reduce the problems
with heat in UK considerable.
 Vegetation along infrastructure that is not cut in time increases the danger of storms
and fires.
 Dams that are not maintained brake much faster than they should and so protection
is lost.
Comparing the adaptation measures presented by the speakers at the workshop,
mentioned at the workshop discussion and listed by the interviewed experts with the
measures identified in the literature (see chapter 4.3.1) the following (hard) measure
are additionally relevant for rail infrastructure:
 Switch protection (Winter – ice and snow)
 by brushes that produce air circulation when a train is passing the switch. This
clears the switches from snow.
 by heating of the relevant part of the switch to keep the switch ice and snow free
– rather expensive (installation and operation), but effective if the heating system
is working proper (again: maintenance of the heating system is important).
 by covering the switches (wooden and plastic parts that cover relevant parts of
the switch to keep the heat.).
 Colouring of the rail bars white (heat) to reduce the direct heat on the railway.
 Embankment protection with concrete injections (heavy rain).
 Avalanche and landslide protection by in time planning of protection forest (mass
movements) - protection forest reaches its full protection effect only ca. 100 years
after cropping.
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 Pile construction for buildings with technical equipment such as railway control
centre (rain and flood).
 Air conditioning of rail way stations and platforms to improve waiting conditions for
passengers and reduce passenger collapses due to high temperature.
Beside the discussion on hardware adaptation measures (maintenance and
infrastructure) the core topics that came at the workshop discussion have been
software measures like regulations, planning, education. Due to the experts these
measures are more important than the hardware measures – moreover they are very
often necessary to implement hardware measures. Therefore the following part of this
chapter focuses on these kinds of measures.
To foster adequate maintenance and the implementation of adaptation measures it is
necessary to set incentives for the responsible companies to do so and (or) to set
regulations that force the respective stakeholder (policy makers, users, facility owners,
infrastructure managers and operators) to apply necessary adaptation measures and
maintain them as well as the infrastructure its self in an adequate way. An example
given are the climate change plans in the UK. They have to be elaborated by certain
stakeholders according to the British Climate Change Act.
The importance of adequate regulations can be demonstrated also on another
example: In Austria the dimensioning of the drainage system of a rail track and also the
number of water culverts depend on the water law. If this law is not adopted according
the necessity of a changing climate situation the infrastructure and also the surrounding
areas are not protected enough. Infrastructure developer will never do more than they
have to do.
Additionally soft measures like season management, alarm and monitoring systems as
well as a risk communication platform (also to interlink different risk cultures) are
helpful to improve the reliability of the infrastructure.
The integration of adaptation issues in cost benefit analysis for planned infrastructure is
one essential step towards the reduction of the vulnerability of transport infrastructure.
The decision in favour or against an infrastructure project has to be linked to a
vulnerability analysis and the risk (of weather events) has to be included as well as the
costs and the possible risk reduction due to necessary adaptation measures. An
obligatory implementation of this issue into cost benefits analysis and with this into the
decision making process for new infrastructure ensures a low vulnerability of future
infrastructures.
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The experts point out that for many weather events it is not necessary to invent new
measures but to look to other regions where the problems are already exiting (for a
long time) and to learn from the strategies these regions have developed.
For this it is important to focus on a good education and training for civil engineers. The
education has to include knowledge transfer from other regions and should focus on
adaptation measure development based on existing knowledge and experience in
regions already confronted with specific weather events.
Summing up the above described issues the following software measures are relevant
for adaptation of the infrastructure:
 Incentives for responsible stakeholders to apply and maintain adaptation measures.
 Regulations to apply and maintain adaptation measures.
 Seasons management (to concentrate on the different events in the different
seasons).
 Alarm and monitoring systems (to react in time and adequate).
 Risk communication platforms (inter regional and inter disciplinary).
 Voluntary integration of adaptation measures into cost benefit analysis (for new
infrastructure).
 Best practice analysis via international cooperation (learn from other regions).
 Education and training for civil engineers based on international knowledge.

4.3.2.2

Assessment of Measures

The participants of the workshop as well as the experts interviewed have been asked
to assess those measures identified during literature review.
Workshop participants have been ask to assess measures not only regarding rail
infrastructure but of course measures regarding all modes and also regarding vehicle
technology etc. In order to keep the work load for the participants low, the measures
have been summarised and the lists of adaptation measures developed for different
modes and for infrastructure and vehicle technology have been shortened (see
workshop input note).
The workshop input note provides an assessment template with the assessment
criteria
 potential for risk reduction (benefits of the measure),
 feasibility (how simple/feasible is the implementation),
 flexibility (future adaptation possibility after implementation if situation changes),
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 ecological and social impacts (positive or negative side effects on environment and
society) and
 life circle costs (costs of implementation and maintenance) including an assessment
range for each of these five criteria.
The workshop participants delivered an assessment after the workshop based on the
assessment template (see workshop input note). The gathered assessments have
been summarised in the summary report of the 3rd WEATHER workshop.
The usefulness of the identified adaptation measures regarding rail infrastructure have
been discussed also during the expert interviews. The discussion was also based on
the five criteria mentioned above. But instead of using the assessment template
(developed for the workshop) a verbal evaluation of the measures was given by the
experts during the interview.
Both assessments form an important input to the final assessment of suitable
measures (see chapter 4.3.4).

4.3.3

Identification of baseline measures

In this chapter all measures identified in the literature are analysed according to the
possibilities that these measures are in place anyway until 2050. This is discussed
mainly along the following criteria: assumption and estimations on technological
possible developments (where relevant) and (political) willingness for implementation
also in connection with budget restraints.

4.3.3.1

Heat & drought

Technical measures
 Improvement of cooling signals1 and installation of fans to keep some equipment
functional during periods of extreme heat3: Nowadays this measures are only used
in countries in the South of Europe where the temperatures are very high during
summer months. If temperatures climb up until 2050 cooling of signals and
installation of fans will be adequate measures against overheating of signals in
whole Europe. Signals are no long-life products, so technology continually
developed further. During standard maintenance activities it is possible to install
signals with integrated cooling signals and fans. Therefore the installation of cooling
signals and fans could be standard until 2050 where it is necessary. Rather high
number of actions (due to high number of signals and future budget restrains might
reduce the future implementation.
 Endless welding of rails2, Pre-stressing of steel3, upgrading of track as part of normal
maintenance and deployment of heat resistance material7, 4: Today endless welding
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of rails is state-of-the-art. New tracks are more or less all built with this technology.
But for existing tracks this won‘t be standard until 2050, because of too many costs
for upgrading. All tracks that have to be replaced within the time frame until 2050 will
be built with this technology.
 Selection of suitable vegetation near the rail corridor: Vegetation has to grow up for
many years before unfolding their protective effect. Changes in hazards due to
climate changes in different regions within the next decades are not totally clear.
Therefore optimal vegetation may not exist everywhere due to rather late reaction of
changes regards planting of vegetation.
Maintenance measures
 Intensive monitoring of track temperatures2 and updating of temperature maps: This
is a very cost-efficient measure which can be done with automatic monitoring
systems. The technology exists and will be improved and used until 2050. Due to
rather fast implementation of such a monitoring system a fast reaction due to
changes of weather conditions is possible.
 Improvement of measures for identification of damages2: Today different measures
exist to identify track-damages based on heat. These measures will improve during
the next years. So in 2050 there will exist a lot of better measures to identify
damages because of heat and drought than nowadays.
 Increase of maintenance activities due to excessive heat5: This is a rather simple
measure and no specific technology has to be further developed. From this point of
view the measure can be easily implemented. Budget restriction and the ongoing
political tendency to use the available budget for new infrastructure and not for
improvement of existing infrastructure will hinder an adequate increase of
maintenance activities.

4.3.3.2

Rain & flood

Technical measures
 Construction of hillside-fixing (on track sections which are endangered through
landslips and land slides)2 and slope protection work at side slopes5: This technical
measure is a common approach to avoid damages due to landslips etc. on rail
tracks, trains and people. Jetcrete is used for hillside-fixing today. Changes in
technology are rather not necessary within the next decades.
 Changed planning and dimensioning2: In case of new construction changed
planning and dimensioning standards (changed dimensioning of drainage stations
and pumping station of tunnels, bridges and delivery channels) will be implemented
if these standards are included in respected laws (such as water laws or similar).
Regulations have to react on climate change.
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 Construction of subsurface drains5: Subsurface drains are a good measure to avoid
flooding tracks during heavy rain events. Today, in case of new building of rail lines,
subsurface drains are standard measures to avoid flooding of rail track. The
improvement of existing rail lines involves huge costs. Therefore subsurface trains
will not be implemented commonly on existing tracks. Only the necessary
replacement the old track will lead to the implementation on exiting railway lines
(that do not have such constructions yet).
 Usage of ecosystem services3: Today the usage of ecosystem services is involved
in planning of new rail lines and adaptation planning of rail lines because of
guidance, law etc. This rather young direction leads to an increase of future
implementation of ecosystem services.
 Construction of levee gates5: This is a very cost intensive measure. In 2050 this
measure won‘t be established as a standard measure because of the immense
costs.
 Planning of new rail lines in fewer vulnerable areas2, limiting construction in highly
vulnerable areas5, consideration of line relocations2 and realignment of coastal rails5:
The construction of rail lines is very expensive. Furthermore rail lines have a long
life-time. There are a lot of planning steps before the construction of a new rail line
starts. During the planning steps it‘s necessary to implement studies about
vulnerability of the system in the intended areas in which rail lines should be build.
So it‘s possible to limit construction in highly vulnerable areas. This became more
and more relevant the last years and respective analysis will be standard (by law) in
2050. But the relocation of rails will not be standard, because this procedure is very
cost intensive. Only in cases where repair costs increase due to multiple flooding of
coastal lines a relocation might become necessary.
 Flood control measures for protection of tracks2: Measures for flood control will
become more important until 2050.
 Construction of embankments2 and construction of protection walls and warning
signs5: This measure will be no option only for protecting rail infrastructure because
the building of embankments is very expensive. In combination with the protection of
the surrounding areas (inhabitants, agricultural areas) against flooding, construction
of embankments can also protect rail tracks. Most of the time the countries and/or
the federal states fund the construction of embankments. Embankments are very
often built or rebuilt after a flood event. This will hardly change in future.
Maintenance measures
 Increase of maintenance activities due to extreme rainfall4 and more frequent
inspection of steel bridges for corrosion4: This is a rather simple measure and no
specific technology has to be further developed. From this point of view the measure
can be easily implemented. Budget restriction and the ongoing political tendency to
use the available budget for new infrastructure and not for improvement of existing
infrastructure will hinder an adequate increase of maintenance activities.

81

WEATHER D4: Adaptation Strategies

 Regularly clearing of drains4: This maintenance measure is important to avoid
obstructions in the drainage system and herewith flooding of rail tracks or flooding
which affect the stability of embankments or the stability of the ground. This
regularly maintenance is not that cost intensive and will be working rather good until
2050. More over it is partly (depends on countries law) regulated by law.
 Regularly clearing of vegetations4: In 2050 regularly clearing of vegetation will be
important to anticipate the danger and disturbance through fallen trees or line-ofsight obstructions, if no other measures (usage of ecosystem services or tree-free
zones) could completely eliminate problems with fallen trees etc. Last years show
that railway lines are already sensitive to this and start paying attention to the
vegetation along the rail track.

4.3.3.3

Storm & hail

Technical measures
 Changes in planning and dimensioning of bridges2: In future changes in planning
and dimensioning of bridges will get more important to protect bridges against the
effect of the increasing number of storms. Such new planning and dimensioning
standards for bridges (which are described in guidelines etc.) have to be further
developed but especially taken over from regions where such standards are already
implemented due to the existence of a high frequency of storms.
 Construction of protection forests or protective barriers at rail lines and usage of
ecosystem services2: Trees have to grow up for many years before unfolding their
protective effect. Changes in hazards due to climate changes in different regions
within the next decades are not totally clear. Therefore optimal vegetation may not
exist everywhere due to rather late reaction of changes regards planting of
vegetation. Today the usage of ecosystem services is involved in planning of new
rail lines and adaptation planning of rail lines because of guidance, law etc. This
rather young direction leads to an increase of future implementation of ecosystem
services.
 Plantation of vegetation which need no or not much care along rail lines2,7: The
plantation of vegetation which need no or not much care along rail lines is also a
very cheap and effective measure which is cost saving because less maintenance is
needed. So plantation of vegetation which need no or not much care along rail lines
will be an adequate measure against storm and hail damages in 2050.
 Replacement of rail overhead wires by integral track power supply2: This technical
measure is very cost-intensive. Furthermore additional costs for adopting trains to
use power from the track would be occur. The implementation would need a change
of the complete European railway system. Due to that reasons replacement of rail
overhead wires by integral track power supply won‘t be in place in Europe in 2050.
 Establishing wider rail corridors to reduce vulnerability to falling trees and tree-free
zones2: For this measure an assessment regarding optimal vegetation along the rail
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line based on specific circumstances is necessary because a wider corridor can
result in larger temperature differences in the track zone and this may challenge
future objectives to reduce rail buckling3.
Maintenance measures
 Frequently cutting back of trees2: Today this measure is state-of-the-art
maintenance work to minimize the risk of falling trees. In 2050 this work will also be
in place – maybe with advanced techniques or materials.

4.3.3.4

Others

Maintenance measures
 Abolishment of leaves2 and better management of the leaf foliage7: Until 2050 the
abolishment of leaves and better management of the leaf foliage will be a very
important, relative cheap, measure to avoid slipperiness on railroads and visual
obstructions.

4.3.3.5

Conclusion

More or less all suggested adaptation measure for rail infrastructure are already state
of the art for new infrastructure at least in certain European regions, where the
measures are already necessary to protect infrastructure against specific weather
events. One of the view exceptions is the replacement of rail overhead wires by integral
track power supply, which is not in operation on European rail tracks and will not
become standard until 2050 because this would mean a system change for the whole
electrified network. Costs for this measure would exceed expected benefits (in form of
risk reduction) clearly.
This leads to the conclusion that the implementation of measure in future more or less
does not depend on technology development but on political decisions. Political
decisions depend on existing public budget which is rather restricted nowadays and
expected to be restricted in future too. But political decisions depend also on the type
of measure and the ability for the politician to represent themselves self with such a
measure.
Therefore it is important to select measures, that need reduced budget but gives the
politician the possibility the profit from the measure. This leads to the necessity to
create a marketing concept for every measure that shows the importance of the
measure and benefits, that all involved parties can gain, in a clear way.
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4.3.4

Assessment of suitable adaptation measures

Based on the literature analysis, the additional information from the 3 rd WEATHER
workshop and the interviews with rail infrastructure experts as well as the discussion of
the identified measures regarding the possibility of being in place anyway until 2050 the
most promising measures are selected and their benefits, applicability, side effects and
costs are discussed.
The mentioned analysis regarding rail infrastructure adaptation measures within this
WP4 leads to the selection of the following measures for further discussion:
 Switch protection
 Pile construction for buildings with technical equipment
 Cooling of signals and installation of fans to keep electronic equipment functional
during periods of extreme heat
 Increase of (preventive) maintenance activities (infrastructure and existing protection
systems)
 Vegetation management along rail tracks
 Installation of (automatic) monitoring systems
 Incentives (for responsible stakeholders) and regulations to apply and maintain
adaptation measures (e.g. voluntary integration of adaptation measures into cost
benefit analysis for new infrastructure).
The following subchapters give a brief discussion on the benefits, applicability, side
effects and costs of these selected measures. A standard reporting form including this
discussion in a standardised way for every selected measure can be found in Annex B
of this report.

4.3.4.1

Switch protection

This measure addresses the hazard category frost and snow. Main rail system
problems in winter occur due to malfunction of switches due to frost and snow.
Countries in alpine regions and in Scandinavia have already reacted by implementing
protections systems such as heating, covering or brushes.
A railway network has huge number of switches (on average about 200 to 400 switches
per 100km network). So also a huge number of actions has to be done to protect all
switches. Heating is the most effective solution, but malfunctions of the heating
systems can occur. Therefore additional covering systems can improve the effect of the
heating system and can reduce the rather high energy consumption of such systems.
So benefits are highest if a combination of heating and covering is used.
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Once implemented, the measure can be used whenever necessary. Especially heating
system are rather flexible in its use. Running costs are manly the costs for energy
consumption. Due to the possibility to modulate the heating according to the outside
temperature and the amount of snow these costs can easy be adapted to changing
developments. If only one of the three described possibilities is implemented a
complementation of the other possibilities is possible at any time.
Due to increase power consumption CO2 emission might increase (depending on the
energy mix used by the railway system) slightly. Other side effects cannot be expected.
New heating systems are developed and already partly in operation. These systems
work with alternative heating technologies (use of geothermic energy) that reduce the
electricity consumption and with this the CO2 emission.
Existing Knowledge from regions where these measures are already in use can be
transferred to other regions. The implementation strategy which is necessary due to the
huge number actions (many switches in a network) can be transferred to other
measures that need a similar number of actions (e.g. protection of signals).

4.3.4.2

Pile construction for buildings with technical equipment

A railway system needs different kind of buildings such as railway stations and control
centres. In case of a flood these buildings are a weak point in the system especially if
electronic equipment is placed in such buildings. Already less water can destroy
electronic equipment and this can lead to the closure of tracks although the track itself
is not damaged by the event. A rather simple possibility to protect such buildings
(especially the control centres) is the constructions of the buildings on piles. This is a
rather cheap measurement (about EUR 5000,- per pile, at least 6 piles per building –
the number of piles depends on the size of the building) with clear benefits: electronic
devices are rather expensive – so damage costs can be reduced. A speed up of the
reconnection after a flood can be reached if the controlling and signalling system is
working proper.
Total costs for a whole network depend also on the size of the network (today on
average 15 control centres are in operation per 100 km network, this number will be
reduced in future due to more big central electronic control centres) and the % of
network in vulnerable areas regarding flood.
The implementation of the measure is only possible if the respective building is
reconstructed or a complete new building is built. Once implemented a reconstruction
due to changing developments is not possible.
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This rather easy non technological measure can be used for all other modes and their
buildings with electronic equipment. An implementation is possible in all European
regions.

4.3.4.3

Cooling of electronic equipment

This measure will become more and more important in the future due to the increase of
electronic equipment necessary for the operation of the rail system and the increase of
areas where longer lasting high temperatures occur.
Similar to the heating of switches also the cooling of especially signals needs a huge
number of actions that have to be coordinated. Today on average 600 signals are
installed per 100 track km. Also the cooling needs additional energy. But cooling
system are flexible enough to run only when it is necessary.
Due to increase power consumption CO2 emission might increase (depending on the
energy mix used by the railway system). Other side effects cannot be expected.
Costs of Implementation depend on the number of signals in a network and the number
of days when cooling is necessary.
Transferability between regions is possible. Cooling system that are already in
operation can be used as examples. Also the implementation strategy for
implementation of such huge number of actions can be transferred between regions
but also to other similar measures for rail and other modes.

4.3.4.4

Increase of (preventive) maintenance activities

Analysis showed that damage due to weather events are often caused by railway or
protection infrastructure in bad conditions. Less maintenance and to late renewal are
the reasons for infrastructure in bad conditions. Infrastructure in optimal condition is a
lot less vulnerable to weather events.
State of the art infrastructure maintenance protects infrastructure against more or less
all hazards. It can be implemented all over Europe.
Maintenance measures are very flexible to changes and future needs. In general an
optimal maintenance is easy to be implemented because theoretical knowledge as well
as existing good praxis in some countries and for some high level railway networks
shows what has to be done. No new technologies are necessary to keep the network in
good conditions but technology development can ease maintenance and therefore
reduce costs for maintenance.
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Budget restrictions very often lead to less maintenance. Available budget is very often
used for more ―attractive‖ measures such as new infrastructure.
Especially the maintenance of protection infrastructure such as dams or protections
forests protect not only the infrastructure but also the surroundings (like towns,
agricultural land etc.). This leads to positive side effects.
Maintenance costs on the short run but extends the life expectance of the infrastructure
which reduces life cycle costs (on the long run) – this leads to positive budget effects
for future generations.
The costs for an improved maintenance depend on the maintenance already in practice
and on the type of infrastructure. Maintenance for rail track infrastructure depends on
passenger/freight ratio, the number of tracks, the number of trains per period, the
geographical situation and other factors.

4.3.4.5

Vegetation management

The kind of vegetation that is best for the rail infrastructure depends on the region
where the infrastructure is situated and the hazards the infrastructure has to cope with.
Therefore situation has to be analysed and vegetation should be managed according
the circumstances of the infrastructure. Vegetation management includes not only the
selection of the optimal vegetation along the rail infrastructure but also the way how to
maintain the vegetation. Different kind of vegetation and the aim of the vegetation need
different kind of maintenance (cutting, development of different vegetation over time).
Optimal vegetation is especially relevant and import for heat and drought, storms and
heavy rain and floods (including mass movements). But for these different hazards
different vegetation treatment is necessary (detailed description see Annex B.1.3). A
vegetation management is useful for the whole European network (except tunnels).
Benefits can be high, because in some cases wrong vegetation are the main reason for
damage of parts of the railway infrastructure and closure of tracks due to damage
caused by an weather event (e.g. storms that let trees fall on catenaries).
The implementation of specific vegetation is rather inflexible to future changes due to
long crowing time of parts of the vegetation (e.g. protection forests).
Wider impacts can be positive (planting new trees for protection increases tree
inventory, protection of others than infrastructure) but also slightly negative if existing
trees along rail infrastructure are cut (reduction of tree inventory). This negative effect
can be reduced by planting trees anywhere else.

87

WEATHER D4: Adaptation Strategies

Management consist of the analysing and monitoring phase (infrastructure and its
vulnerability to different hazards is checked, optimal vegetation is determined, changes
in hazards over tome are analysed and vegetation adaptation is derived due to this
change), the implementation phase and the maintenance phase. These different
phases have different costs and the results of the first phase influence the costs of the
second and third phase. Costs for the first phase depend on the network length, cost
for the following phase on the type of vegetation selected.
Vegetation concepts developed for rail infrastructure can be used to a certain degree
also for roads running parallel or in the same regions as the rail track. As mentioned
above and suggested in detail in the annex, different hazards need different vegetation.
A transferability of specific vegetation concepts between hazards is not possible. But
vegetation management as a whole focuses on all relevant hazards. The concept of
vegetation management can be used in all regions. The result of this management (the
concrete vegetation and its maintenance) is different between regions and not directly
transferable.

4.3.4.6

Protection forests

One specific part for vegetation management are protection forests. Such forests
protect building areas, infrastructures and similar against avalanches, rock fall,
landslides and –slips, soil erosion and flooding. The measure is especially relevant for
mountainous regions and will become more relevant in future in high altitude
mountainous regions (Alpine region) where permafrost is melting due to increase of
average temperature. This will lead to a higher movement of material due to missing of
the binding factor of permafrost.
Therefore the maintenance and enlargement of protections forests (partly not only
protecting infrastructure is an important and climate-change relevant measure in the
Alpine region.
One big problem of the forest management in the Alpine region are the high costs,
versus less profit due to difficult working condition in the forests and rather no
possibility for intensive timber harvesting. In CH, AT, South Tirol, Val de Aosta and
Bavaria a high percentage of total forest area are protection forests (e.g.: CH: 50%,
Bavaria:60%. AT: 30%. Val de Aosta: 80%). But not all of the protection forest are in
good condition. For instance in AT about 35% and in Bavaria about 20% of the
protection forests need urgent improvements.
Compared to an adequate management of protection forests to keep ´the forests in
good condition, a recultivation of damaged forests is rather expansive. The yearly
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forest management (forster, maintenance, timber harvesting, hunt) costs about EUR
100/ha. The recultivation of damaged protection forest needs an investment of about
EUR 50.000 / ha.
Based on above listed statistics for Austria and Bavaria the recultivation of all areas
that urgently improvement would lead to an total investment of about EUR 7 to 15 bn.
(this seams to be very high and might be caused by different sources for cost by ha
and amount of ha to be recultivated which means that a different kind of recultivation
intensity might be the case!).
In Switzerland 97 mill. CHF (ca. 80 mill. euros) have been spent for maintenance and
development of protection forest in the year 2008.(Bafu 2011, Waldwissen 2011,
Schutzwaldverein 2011, BUND 2011)

4.3.4.7

Installation of (automatic) monitoring systems

This measure can support maintenance measures by giving in time information when
and where problems (due to missing maintenance or due to damage of specific
weather extremes) occur and have to be solved in time to enable proper operation of
the infrastructure.
Such monitoring is actually partly possible by automatic or semi automatic monitoring
systems but specific monitoring is still only possible ―per hand‖. Non automatic
monitoring is time intensive and due to high personnel input also cost intensive. This is
one reason why such monitoring is done only sporadic. The development of additional
automatic monitoring systems can increase the monitoring of the relevant
infrastructure. This can lead to in time recognition of malfunctions. This can hinder
accidents (for instance in case of buckling) because immediate measure can be taken
to avoid accidents. It can also guarantee that protection systems (like embankments
and drains) are working proper in case of a weather event (e.g. flood).
The introduction and further development of such monitoring systems based on
changed needs due to climate change (or other changes) is rather flexible. Especially
the enlargement of the monitoring to additional network elements is rather easy, once
the monitoring system is working proper. The implementation of exiting monitoring
systems and strategies is rather easy, although non-automatic systems are rather cost
intensive. Partly future technology development is necessary to enable additional
automatic monitoring. Not all issues to be monitored will be able to be monitored
automatically.
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Monitoring systems that monitor protection systems that also protect others than the
infrastructure produce a positive infrastructure external impact due to proper working
protections systems.
Costs strongly depend on the kind of monitoring system. The more automatic
monitoring procedures are possible the higher are investments costs but the lower are
running costs. Costs also depend on what is monitored. Monitoring the condition of the
rail track of the whole network is more extensive than monitoring dams that do only
exist along critical parts of the network.
The principal idea of monitoring is relevant for all modes. The specific used monitoring
systems will differ between modes. A regional transferability is easy. Different hazards
―produce‖ different threats on infrastructure. Therefore transferability of the monitoring
idea itself is possible, but the monitoring systems are (partly) different for different
hazards.

4.3.4.8

Incentives and regulations to apply and maintain adaptation
measures

This adaptation measure is addressed to political decision processes. Policy has to
provide a framework that foster or force the implement and maintenance of adaptation
measures. This framework has to be set on a high policy level so that the frame
addresses different lower policy levels as well as infrastructure managers and
operators (of public and private companies).
Examples are contracts between the infrastructure owner (in many cases the state)
and the infrastructure manager and operator that include the responsibility for a
working infrastructure also in case of hazards. This brings infrastructure managers to
include adaptation and adequate maintenance in their planning.
Another possible action in this sense is the obligatory inclusion of adaptations
measures in CBA that are part of the decision finding process for a new infrastructure.
If this decision process has to include costs for adaptation (based on future possible
hazards) less vulnerable infrastructures gain a higher cost-benefit-ratio compared to
others. This can lead to the construction of economic more efficient and useful
infrastructure projects that increase the overall economic benefit of the used (public)
budget.
This measure itself does not cost money due to the fact that it is a policy process. But
actions necessary because of a new framework increase infrastructure costs but
decrease the risk of infrastructure damage due to extreme weather effects.
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In principal all modes, hazards and regions are addressed with this measure. A
concrete transfer of specific new developed regulations or frameworks between regions
is only partly possible, since regulations in different countries are different and new
regulations have to fit into the exiting legal scheme.

4.4

Waterborne infrastructure

4.4.1

Literature review on adaptation strategies regarding the
infrastructure for inland shipping

4.4.1.1

Technical and legal restrictions

This section describes the technical and legal restrictions for river navigation because
only those adaptation measures can be implemented which are feasible against the
technical and legal background. First, the parameters for river navigation are
introduced. It is then explained how they are used as indicators to measure the impact
of drought, flooding and ice. The key parameters for using inland waterways are
fairway parameters and bridge clearances as described in the following sections.
These indicators are influenced by the water levels in the rivers and therefore by
extreme weather events. Furthermore this section outlines the legal framework for
inland shipping, such as permissible vessel measures. Prospective adaptation
measures need to take into consideration the relevant legislative aspects. Hence, in
addition to technical restrictions also laws and regulations determine which measures
are feasible.
Fairway parameters
Figure 16:

Fairway parameters

Source: Via Donau (2007)

The fairway is the continuous, navigable section of the river or canal used for the
passage of vessels. The fairway width depends on the water levels. There is a link
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between the fairway depth, or water levels in general, on the one hand and the speed
and power requirements of a vessel on the other hand: regardless of the vessel type,
the deeper the water is, the lower are the power requirements and the higher the
vessel speed. This means that in drought periods when the water levels are low the
vessel moves at a slower average speed; in order to move at the same speed a vessel
consumes more fuel and produces more CO2. Equally, the larger the fairway width,
less fuel is required to maintain the same average speed (Renner and Bialonski, 2004).
The draught (or draft) is the distance between the waterline and the hull (keel or
bottom) of a stationary ship. The draught determines the minimum depth of a
motionless ship in the water. When the ship is moving, the depth of the ship increases
and depends greatly on the speed. This is taken into account by the following indicator,
the squat.
The squat depends on the vessel‘s speed in the water (and other factors such as the
cross section of the ship and the cross section of the waterways) and measures the
bodily sinkage of a ship moving forward. Generally, the faster the vessel, the deeper
the ship ―squats‖. The squat effect is approximately proportional to the square of the
speed of the ship. Thus, by reducing the speed by half, the squat is reduced by a factor
of four. Furthermore, the lower the water level the greater the squat. The squat in the
German section of the Danube between Straubing and Vilshofen in Bavaria, for
example, almost reaches 0.3 m, compared to 0.1 to 0.2 m in the Austrian sections.
Underkeel clearance is the distance between the keel of a driving vessel and the
riverbed.
Bridge clearance
Bridge clearance determines the vertical distance between the water level at HNWL
(highest navigable water level) and the lowest level of a bridge. This measurement is
especially relevant for container transports. The following diagram sketches the
parameters for bridge clearance.
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Figure 17:

Parameters for bridge clearance:

H, W=Bridge clearance height/width at the highest navigable water level
HNWL=Highest navigable water level, LNWL=Low navigable water level
Source: Via Donau (2007)

Impact of variations in water levels
Extreme weather events have a greater impact especially when existing infrastructure
bottlenecks come into the mix; this makes it more challenging to think of adaptation
strategies. In this section the interrelation between the parameters for river navigation
and water levels is investigated.
Variations in water levels mainly caused by precipitation, during spring also by
snowmelt, can lead to differences of several meters. This varies by river, for example
up to 10 metres on the Rhine.
Low water levels reduce the fairway depths and have the following impacts:
 With lower water levels higher power requirements and fuel consumption are
necessary to achieve the same average speed as at average water levels; this is
true for all vessel types; a higher fuel consumption leads to more CO2 emissions.
 The lower the water level, the greater the squat. Squat can complicate manoeuvring
and cause accidents.
 As Table 12 shows, lower water levels also reduce the load capacity.
 Reduction of the reliability and competitiveness of the inland waterway transport with
respect to certain goods and transport routes.
 Making planning of transport volumes and thus the profitability of transports more
difficult.
 Risk of disruptions.
 Long waiting times.
 Price fluctuations.
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Table 12:

Linkage between load capacity and draughts for tankers
Ship name
Commander
Manouk
Rio
Julia Sara
Zinnia
Eurotank

Max.
payload in t
5.977
3.056
2.075
1.709
1.209
1.111

Load capacity for different draughts
3,2m 2,7m 2,5m 2,2m 1,9m
4.073 3.132 2.760 2.205 1.656
2.400 1.810 1.580 1.230
890
2.075 1.648 1.479 1.225
972
1.709 1.316 1.160
930
703
xxxx xxxx 1.190
982
775
xxxx xxxx 1.104
928
747

Source: Table based on data from Binnenschifffahrt, 66 (4), 2011, p.29/30

High water levels also impact on inland navigation, especially as they can provide
challenges for bridge clearance.
The fairway width influences the power requirements and fuel consumption, similarly to
the fairway depth: the smaller the fairway width, e.g. in a channel, the higher the fuel
consumption.
Legislative framework for inland shipping
Inland shipping is governed by a variety of national and international legislative
instruments. Therefore, when speaking about adaptation measures the technical
restrictions for designing those measures and also the legal framework for adapting
inland navigation need to be taken into consideration. The legal framework regarding
Inland Waterway Transport (IWT) in Europe has been developed to a large extent by
the Central Commission for the Navigation on the Rhine (CCNR).
The legal framework concerns the following issues:
 Measure of the vessel (width, length, maximum payload, draught, height): the
regulations vary by waterways, see CEMT classes presented in Annex A. A
differentiation has to be made regarding free-flowing rivers and canals. As for rivers,
e.g. the section on the Rhine between Iffezheim and Rotterdam, there are no
restrictions on the draught from the perspective of administrative law. Regarding the
regulated rivers or canals, there is a legal restriction on the available fairway depth
or the vessel draught.
 Speed limits (e.g. on channels)
 Special equipment of vessels longer than 110 metres
 Specific regulations for certain waterways (e.g. on the Rhine)
The legal framework has the effect that certain adaptation measures, such as
extending the ship length can only be implemented on waterways where longer vessels
are permitted.
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4.4.1.2

Adaptation measures for the infrastructure of IWW

Adaptation measures concerning the infrastructure of inland waterways need to abate
especially the impact of drought, floods and varying water levels. The most effective
measures include dredging of the river beds, expanding the areas between dykes and
measures which also benefit nature conservation (e.g. reforestation).
Drought:
Increase the capacity of inland waterways by deepening the river beds (dredging).
Example projects include the Danube (Regensburg, Straubing), Seine (Northern
France) (Room for the River, 2007)
Floods:
Figure 18 gives an overview of adaptation measures as promoted in the Rivers of the
World Programme.
 Technical adaptation strategies for the construction of the infrastructure, such as
new materials, construction of safety equipment, and removal/relocation of
infrastructure in areas that are threatened by floodings (KomPass Tatenbank, 2011).
 The construction and maintenance of groynes (spur dykes) represent an important
measure for maintaining the flow velocity. Their primary function is to stabilize the
river and maintain a navigable waterway for river traffic. However, the groynes also
lead to higher water levels since they form an obstruction in the river. By lowering
the groynes on both sides of the river between the Pannerdensch this will reduce
the obstruction to the water while retaining a sufficient depth of water in the channel
for inlandnavigation vessels.
 Increase or expand the area between dikes as overflowing bassins (in Dutch:
uiterwaarden; German: Ausuferungsraum), e.g. Maasuiterwaarden. The creation of
large wetlands around the rivers plays also an important role for nature
conservation.
 Raise the area around dikes, example: modernisation of the Maas river.
 Reforestation of river banks: reforestation prevents uncontrolled water runoff which
is causing massive environmental damage particularly due to top soil loss. It‘s a win
– win approach to conservation, by creating habitat for wildlife and fauna as well as
limiting the impact of floods.
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Figure 18:

Adaptation measures from Room for the River Programme

Source: Room for the River, 2007

Varying water levels (drought/floods)
 Improved water management of waterlevels and the construction of new dams can
counteract fluctuating water levels in rivers.
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4.4.2

Literature review on adaptation strategies regarding the
infrastructure for maritime shipping

4.4.2.1

Introduction to maritime infrastructure adaptation measures

In our literature research we focused on the existing and envisaged public adaptation
measures which address the weather extremes for the maritime sector in Europe under
the changing climate conditions. The measures encountered reflect a varying level of
vulnerability to weather implications of the coastal areas and their maritime
infrastructures depending both on the geographical location and the climate zone.
Therefore, for proper coverage of the European coastline climate-wise and geographywise, we clustered the adaptation measures per specific sea region and describe them
for each region individually, as follows:
 Low-lying areas at the Northern Sea
 Baltic Sea Region
 Coastal areas of Southern Europe
In view of more frequent occurrence and increasing magnitude of the extreme weather
events in last few decades as well as of the increasing likelihood of this upwards trend
in the coming century, the European countries, which exposed to higher vulnerability,
have initiated scientific studies and discussions dedicated to suitable adaptation
measures. The efforts are directed towards the measures which (i) are robust enough
to withstand and lower the EWE risks, and (ii) allow to build upon new opportunities the
changing climate may create. These studies, in turn, lead to development of adaptation
strategies, action plans and to allocation of investments at national, regional and local
levels.
Coastal areas are vulnerable to climate change, due to their location. The major threat
is the danger of flooding and inundation due to sea level rise. Under the rising sea level
conditions a threat to be flooded increases significantly in the event of storm surges
and particularly during storm surges in combination with high tide periods. All this could
entail heavy consequences for transport infrastructure, may involve damage to
terminals, intermodal facilities, freight villages, storage and warehousing areas,
containers and cargo. This implies the need to protect coastal infrastructures, like
seaports, from possible ‗sinking‘ in the future.
Coastal protection against flooding is therefore one of the main infrastructure
adaptation measures. It has been applied for a fairly long time in form of dikes,
seawalls, floodgates, flood plains or drainage systems. The existing systems are in
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many cases not enough anymore to cope with the changing climate effects in the
coming century.

4.4.2.2

Adaptation measures in low-lying countries (Dutch case)

Current situation
The rising sea level and the height of storm surges are extremely important for lowlying countries like the Netherlands. Low-lying areas are vulnerable as large territories
can easily be flooded. During the last major flood in 1953, nearly 4% of the Dutch
territory was inundated and 1835 people lost their lives due to failure of the coastal
defence system during a severe windstorm in the Northern Sea.
In response to the catastrophe of 1953, the Dutch Government adopted the Delta Plan
proposed by the First Delta Committee. The plan included massive improvements in
existing dikes and the damming off of large parts of the Scheld-Meuse-Rhina delta. The
position of the dams on delta waterways is shown in Figure 19. A snapshot of the
coastal defence system is given in Figure 20. The Dutch Law ‗Wet op de waterkering‘,
adopted since then, requires a safety level for the coastal defence system to be able to
withstand a water level that on average is reached only once in 10 000 years.
Figure 19:

The Dutch coastal defence system against high sea waters in the
provinces of Zuid Holland and Zeeland

Source: http://nl.wikipedia.org/wiki/Deltawerken
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Figure 20:

Snapshot views of the coastal defense system Deltawerken

Source: Rijkswaterstaat - Adviesdienst Geo-Informatie en ICT (AGI); www.Deltawerken.com

The original Delta Plan didn‘t include the construction of barriers for closing the
Westerschelde (access from sea to the port of Antwerp) and the Nieuwe Waterweg
(access to the port of Rotterdam), in order to keep these two seaports always
accessible. However, in 1980s it became clear that the planned dikes along the Nieuwe
Waterweg would be not high enough to protect very densely populated areas of the
province Zuid Holland. To build higher dikes would have been extremely costly.
Therefore it was opted for a cheaper alternative – placing the movable barriers on the
water access routes. In 1997, the barrier ―Maeslantkering‖, which is part of the Europort
gate system of Rotterdam, was opened for operation on the Nieuwe Waterweg route.
The movable barrier is made of two gigantic 22 m high and 210 m wide doors – two
floating pontoons, as shown in Figure 21. The closure of the barrier automatically starts
when a threatening water level is approached, i.e. 3 m limit above the NAP (Normal
Amsterdams Peil). Whole construction of Maeslantkering have cost 450 million euro.
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Figure 21:

A prototype of Maeslantkering barrier

Source: http://nl.wikipedia.org/wiki/Maeslantkering

When the Maeslantkering barrier is closed, port city Rotterdam is protected against the
high water level threatening from the sea side. Unfortunately, the closure means also
that the most busy waterways of the Netherlands are completely closed for the
maritime shipping. On November 8, 2007 due to severe storm conditions the
Maeslantkering was closed for the first time since its construction. The closure took 19
hours causing the disruption of the sea navigation and operation of the port of
Rotterdam.
Future Challenges
For the coming century, the Royal Dutch Meteorological Institute (KNMI) foresees
water level rise from 15 up to 35 cm in 2050 and from 35 up to 85 cm in 2100. Also the
average duration of the storms, which are likely to happen more often in the future, is
expected to be in the range of 29-35 hours.
To meet the challenges, in 2006 a National Adaptation Space and Climate Programme
(ARK-programme) was initiated. The overall aim of the ARK-programme is to make the
Netherlands a climate proof, safe, robust and secure place to live under the changing
climate conditions. In the framework of this programme, the short term (up to 2050) and
the long term (2100 and beyond) adaptation measures were drawn up and investigated
as an integral multidisciplinary system package.
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The option ‗closable-but-open‘ Rhine estuary15 was recommended by the Second
Delta Committee in the initial plan as most plausible one. The study ―Rhine estuary
closable but open – a multidisciplinary exploration‘ (TU Delft et al) has further
investigated all possible variants of the recommended option. The starting point for any
of the variants was the existing geometry of the entire outer dike area (dry and wet)
together with the adjacent dikes (levees). By adding to this geometry some additional
elements the following variants of the option ‗closable-but-open‘ could be possible,
such as:
 four movable multifunctional flood barriers for sea and river to direct the water in
desired directions under different hydraulic conditions;
 alteration of the existing geometry by connecting it to an adjacent system like the
basins in Zeeland;
 adding an entire new outer dike waterway in the current inner dike area.
The cost estimates show that the four movable barriers, as recommended in the initial
plan, can cost around 850 million euro all together. Currently, the infrastructure objects
that control water flows in the Rhine-Meuse estuary are either dams with gates (like
Haringvliet dam) or movable barriers like the Maeslant barrier. A new design that
mediates between these two types of barriers could be an interesting alternative
characterized by a lower probability of failure and at the same time with a higher
capacity for shipping passage (TU Delft, Afsluitbaar Open Rijnmond, 2010). If
maintaining the current closure regimes at a sea level rise of 1, 30 meter, the movable
barriers will not be able to prevent an outer dike flooding with a factor of 5 to 10 to 1 or
2 million euro a year. Whilst the outer dike areas (variant 3) could cope with more
frequent flooding if adaptive measures are introduced on different levels - buildings,
building blocks or new levee is constructed.

4.4.2.3

Adaptation measures in the Baltic Sea Region (BSR)

Current situation
Coastal and flooding protection is the main adaptation issues tackled in the BSR
countries. As a rule, it concerns the construction of technically ‗most simple‘ measures,
like seawalls and dikes, polders, higher embankments, canal and drainage systems,
hummock ice breaking facilities, adapted spatial planning etc. As stated in the ASTRA

15 In Rhine estuary the biggest seaport of Europe – the Rotterdam port – is located, also Zeel-

and ports and a number of river ports are operating there
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Winter Storm Study16, flooding and storms, especially during winter season, are
already a major threat for the region. The observations show that the strength of storms
is increasing and the ice free periods, due to mildening winter climate, are getting
longer (Hanpaa et al. 2006).
Another adaptation issue, which is typical for BSR region, targets the icing problem.
The Baltic Sea can get iced during winters and requires deployment of ice-breakers, in
order to make the water routes navigable and the ports accessible. On the long-term
historical average, the Baltic Sea is ice-covered for about 45% of its surface area at the
maximum annually. The ice-covered area during such a typical winter includes the Gulf
of Bothnia, the Gulf of Finland, Gulf of Riga, Väinameri in the Estonian archipelago, the
Stockholm archipelago and the Archipelago Sea. The remainder of the Baltic itself
does not freeze during a normal winter, with the exception of sheltered bays and
shallow lagoons such as the Curonian Lagoon.
The ice extent depends on whether the winter is mild, moderate or severe. Severe
winters can lead to ice formation around southern Sweden and even in the Danish
straits. It is known that since 1720, the Baltic Sea has frozen over entirely only 20
times. The most recent case was in early 1987, which was the most severe winter in
Scandinavia since that date. The ice then covered 400 000 km2. During the winter of
2010/11, which was quite severe compared to those of the last decades, the maximum
ice cover was 310 000 km2, which was reached on 24 February 2011. The ice then
extended from the north down to the northern tip of Gotland, with small ice free areas
on its either side, and the east coast of the Baltic Sea was covered by an ice sheet ca.
25–100 km wide all the way down to Gdańsk, Poland17.

16 "Developing Policies & Adaptation Strategies to Climate Change in the Baltic Sea Region"

(ASTRA)
17 http://en.wikipedia.org/wiki/Baltic_Sea
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Figure 22:

February 2011: frozen Baltic Sea at resort Palanga (Lithuania);
Vessels ice stuck in the Gulf of Finland

Source: http://klaipeda.diena.lt; RIA Novosti

Future challenges
Various scientific studies show a
changes in precipitation patterns
show an increase in temperature
climate scenarios make clear that

general trend to an average temperature rise and
for BSR. Empirical measures for the 20th century
of 1°C for the Baltic catchment. Simulation runs of
until 2100 the temperature increase will be spatially

and seasonally very different. It is commonly believed, that due to the rising average
temperature the maritime shipping in the Baltic Sea will benefit because more
northern/eastern ports and navigation routes will became ice-free in the future during
winters.
For the time being there are large uncertainties in the potential costs of future climate
change impacts and adaptation measures in the Baltic Sea Region. In the light of the
changing climate BSR will continue facing different regional and seasonal challenges
and irregularities. The most imminent ones mean that the region will have to ensure a
proper coastal protection, cope with severe flooding events in autumn and spring or
with draughts in hot summers. Especially due to increasing precipitation in autumn and
often thaw periods in winter the rivers at shallow low-elevation coastal zones of the
Baltic Sea are expected to demonstrate an irregular regime in the future.
The literature analysis on the adaptation measures for the maritime sector for coming
years in BSR countries show that the goals of direct reduction of risks and mitigation of
climate change receive more attention in the national approaches compared to the
adaptation measures foreseen in the long-term run. Nevertheless, it is everywhere
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agreed that mitigation can slow down climate change but adaptation will also be
needed. The BSR countries share the opinion that adaptation to climate change cannot
be solved solely locally and in isolated attempts, but calls for cooperation and
integrated approaches in the Baltic Sea Region. One of those joint initiatives is
BaltCICA project18 (2009-2012) which together with local and regional partners
prepares the coastal regions and municipalities to cope with a changing climate (see
Figure 5).
Figure 23:

BaltCICA Case Studies where concrete adaptation measures have
to be implemented and are visible/tangible for the population.

Source: http://www.baltcica.org

18 BaltCICA Project ‗Climate Change: Impacts, Costs and Adaptation in the Baltic Sea Region‘ aims to achieve a better
capability to deal with the impacts of climate change at those levels, where concrete adaptation measures have to
be implemented and are visible/tangible for the population. Changes in water availability and quality as well as in
sea level and flood risk seem to be most relevant. Special emphasis is on adaptation to sea level rise and changing frequency and magnitude of floods for the cities and regions located on the Baltic coast. The project aims at
transferring successful methods of development and implementation of adaptation measures from pilot studies to
other case studies facing similar problems.
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4.4.2.4

Adaptation measures in South Europe (Venice case in the
Adriatic Sea)

Current situation
Rising sea levels in combination of vertical tectonic movements and increasing risk of
flooding in high tide periods are seen as major threats for many coastal zones, coastal
infrastructures and maritime navigation of the southern countries in Europe. The
Venice lagoon is one of the most vulnerable coastal territories in Italy exposed to major
risk of sea flooding. For instance, the world treasure Venice with its numerous canals
and waterways, situated on islands in the lagoon of the Adriatic Sea, is considered to
be the most unsecured location which could literally disappear under the water, if no
measures are taken. Rising sea levels and subsidence, resulting from decades of
groundwater extraction for agriculture and industry on the Italian mainland, have
caused Venice to sink 23 centimeters in the past century. Its Renaissance palaces,
historic churches, and stone bridges are now menaced by floods more than 50 times a
year. It seems flooding there is becoming a norm rather than an extreme.
After many years of investigation and research the Italian government has decided to
intervene and adopted a General Plan of Interventions for the lagoon defense and the
environmental re-equilibrium. The overview of the measures and their implementation
zones are shown in Figure 6. The plan foresees the measures in several intervention
areas in an integral way. The measures already completed include:
 reinforcement of littoral (beach reconstruction, dune restoration, reinforcement of
jetty).
 arrest and reversal of environmental decay (securing of dump, industrial canal
banks, removal of polluted sediments from industrial canal.
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Figure 24:

Italian system of interventions for the Venice lagoon in the North
Adriatic

Source: Venice Water Authority, Ministry for Infrastructure and Transport, Italy

Future challenges
The most technically ambitious measure, which caused intensive scientific discussions
whether it will be sufficient in the long-term run and which eventually was approved by
the Italian Government, is the MOSE plan (Modulo Sperimentale Elettromeccanico). By
implementation of the MOSE system it is expected to tam the sea and save Venice
from flooding when having exceptional high tides over 110 cm. The plan involves the
construction of 79 mobile underwater giant steel gates at three lagoon inlets (marked
as doted circles in Figure 6). When waters rise 1.1 meters above "normal", air will be
injected into the hollow gates, causing them to rise, blocking seawater from entering
the lagoon and thereby preventing the flooding of Venice (the prototype is shown in
Figure 7). The hinged panels, 92-feet wide and 65-feet high, will be fixed to concrete
bases being dug into the sea bed. When a dangerously high tide is predicted,
compressed air will be pumped into the hollow panels, forcing them to rise on their
hinges, forming a barrier to the waves.
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Figure 25:

Design and working scheme of the MOSE gates

Source: Venice Water Authority

The floodgates will take approximately eight years and $2.6 billion to construct. The
construction is already underway and expected to be completed in 2014.
Some critics of the MOSE system doubt that the MOSE gates will be a sufficient longterm solution. They suggest to follow "soft" techniques instead, such as raising street
level elevations, and to make further assessment of sea-level rise to find an updated
and wise solution, more able to cope with foreseeable sea-level change.
Some fears are related with the tendency of flooding in the region to occur more
frequent. If water levels continue to rise, the gates would just remain closed more often,
in effect serving as "permanent" barriers. This would completely disclose the port of
Marghera and other ports in the area from the maritime traffic. Also environmentalists
argue, that keeping the gates closed for increasingly longer periods of time could be
detrimental to the lagoon's ecosystem, which relies on exchange of waters between the
lagoon and the Adriatic Sea to flush pollutants from the lagoon. Without this cleansing
flow, toxic substances may build up in lagoon waters, damaging its delicate ecosystem.
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Nevertheless it is strongly believed that steps will have to be taken to protect the city,
and the cost of doing nothing may be greater than the cost of constructing the MOSE
gates. Given the expected climate change scenarios for the coming century, the MOSE
barriers, as designed, are believed to separate the lagoon from the sea in an effective,
efficient and flexible way.
Having in mind the longer floodgates closing intervals and the environmental concerns,
special measures will be taken in the near future to lower the oil traffic risks in the
lagoon and around the port Marghera by cutting off the oil-tanker traffic. This will
include building an off shore terminal in the Adriatic Sea with intermediate station at the
entrance to the lagoon and final station in the port of Marghera.

4.4.3

Identification of baseline measures

This section investigates which adaptations to the inland waterway and maritime
infrastructure are likely to be implemented in 2050 regardless of the impact of climate
change.
Some first results of the KLIWAS project, which investigates the impacts of climate
change on waterways and navigation and searches for appropriate options of
adaptation, suggest that for inland navigation climate change becomes a crucial issue
only after 2050. There is consensus among the players in the sector about the benefits
of investing into new waterways and maintenance of the existing network. However,
the judgement of priorities and the implementation remains a political decision. In the
current political climate (e.g. in Germany) it is more likely that the investments are
restricted to maintenance measures (e.g. maintenance of the groynes). In the
Netherlands by contrast, the Dutch ―Room for the River‖ programme foresees a
number of flood protection measures in 39 locations to be completed by 2015 with a
total budget of EUR 2.3 billion. Similarly, regarding the adaptation of maritime
infrastructure, the focus of investments is likely to be on the more vulnerable coastal
areas. This particularly applies to deltas generally located at strategic locations close to
seas and inland waterways, such as the Venice lagoon and the associated MOSE plan.

4.5

Conclusions

It can be stated if already existing techniques are installed and maintained properly
infrastructures can be strengthened against damages from extreme weather events
and supposed consequences from climate change.
Regarding the road infrastructure, it seems that updating of design standards is the
most important aspect of adaptation strategy. Moreover, to reduce damage caused by
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extreme weather conditions, financial means for maintenance works have to be
guaranteed. Existing building materials and technologies are able to minimize the
consequences of extreme events and climate change, if they will be used properly. For
this reason, it is important to lay stress on implementation of adaptation measures. To
help decision makers to invest right in adaptation, special tools should be developed. It
is to emphasize, that no-action may lead to serious financial consequences. Proposed
measures should be combined with outcomes from adaptation of vehicles, transport
planning, and system operation, which are described in other parts of this project.
Following measures to strengthen rail infrastructures have been identified:
 Switch protection
 Pile construction (for buildings with technical equipment)
 Cooling and installation of fans
 Increase of (preventive) maintenance activities
 Vegetation management along rail tracks
 Installation of (automatic) monitoring systems
 Incentives (for responsible stakeholders) and regulations to apply and maintain
adaptation measures.
Regarding the inland waterway sector important adaptation strategies for the
infrastructure include the installation and maintenance of groynes in order to increase
the flow velocity of the rivers and to avoid silting of the river beds. Furthermore, the
minimum fairway (depth and width) dimensions of individual river sections need to be
provided, e.g by dredging of river beds.
To sum up on adaptation measures for the maritime infrastructure based on literature
review, these measures would be, as follows:
 setting up of water barriers and coastal protection structures
 when inevitable, relocation of infrastructure and ensuring the functioning of
alternative routes
 increase monitoring of port and supportive infrastructure conditions during extreme
heat periods
 restrict development and settlement in low-lying areas exposed to flooding risks
 construct slope-retention structures
 strengthen foundations, raising dock and wharf levels
 deploy ice-breakers to make the ice-covered sea waterways and ports navigable
and accessible under severe winter conditions in northern regions.
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The safety standards applied for the coastal structures take into account the expected
climate change scenarios for the coming 100 years and the level of exposure to the
extreme weather conditions in the area concerned.
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5

Adapting Vehicle Technologies

5.1

Scope and hot spots

The section deals with all modes of transport, namely road, rail, urban public transport,
waterborne transport embracing inland navigation and maritime shipping, and aviation.
For these modes technical modification of vehicles, i.e. design and materials, as well
as information and communication systems are investigated. The latter is closely linked
to the issue of intelligent infrastructures (Chapter 4) and to the management of crises
and emergency situations (WEATHER Deliverable 3).
The hot spots out of extreme weather events and geographical/topographical
conditions considered depart from the infrastructure risks identified in Section 4.1, as
problems in infrastructure availability in most cases lead to drops in the reliability of
services. In these cases vehicle technologies may help compensating for
infrastructure-related risks. These are:
 Storm surges in coastal regions, all modes
 Wild fires in southern Europe, land transport modes
 General floods, all regions, all modes
 Ice and snow, all modes, Alpine region, central Europe and Scandinavia
 Head and droughts, mid Europe, inland navigation and urban public transprot.
While for some of these aspects targeted vehicle technologies, detection and warning
systems are proposed, in particular infrastructure-related information and
communication systems address many or all of these aspects.

5.2

Road vehicle technology

The section focuses on vehicle design, driver assistance systems and car2X
technologies. Considered are passenger cars, coaches and freight vehicles.

5.2.1

Literature review

According to Michon (1971), driving consists of three hierarchically ordered levels;
strategic, tactical and operational. On the strategic (navigation) level, the goals of the
trip are set and the route and departure time are determined. On the tactical (guidance)
level, the driver has to follow the road, maintain a steady speed and keep enough
distance to other vehicle. On operational (control) level, the driver controls the vehicle
by pressing the gas pedal and the brakes, turning the steering wheel and using the
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vehicle controls. These levels can be active at the same time and can influence each
other.
Concurrent execution of multiple tasks would not be a matter if drivers could deal with
them simultaneously - that is, if people could process simultaneously information
coming from different sources. However, people are serial information processors and
may participate in only one thing at a time. While most people think they can do many
things simultaneously, what is commonly called multi-tasking actually involves a rapid
shift of attention from one cognitive task to another (Smiley 2005).
Three main technological fields of ‗Vehicle Technology‘ are currently developed to
address the aforementioned considerations: Vehicle design, Driver assistance and
Car2X technologies. These aspects are further discussed in the following.
Vehicle Design
Vehicle design related research includes aerodynamics, ergonomics and
anthropometrics. Aerodynamics is a branch of dynamics concerned with studying the
motion of air, particularly when it interacts with a moving object (Source: Wikipedia).
The sleek vehicle design form was considered important to facilitate vehicles‘ fast and
cost-effective movement and as a result of this approach the 'teardrop' form was
conceived seeking a balance between the operating efficiencies of a vehicle.
Ergonomics is the scientific study of people and their working conditions, especially
done in order to improve effectiveness (Source: Cambridge Dictionary) and
anthropometrics is the comparative study of human body measurements and
properties (Source: University of Texas Online). As a field, ergonomics covers
everything from control buttons, door handles and display technologies to vehicle
proportions. With the increasing use of information technologies within cars,
ergonomics is becoming a major concern in the design of user interfaces and
information and entertainment systems. People vary dramatically in size, height and
proportion around the world and this noticeably affects average figures for vehicle
dimensioning such as width as well as their movement and reach considerations.
Another major issue affecting vehicle design is the increasing life expectancy of people.
As people perform tasks and activities for longer and later in life, maybe experiencing
deterioration in mobility and dexterity, another important ergonomic consideration must
be taken into account.
One other area of vehicle design is that of user interfaces and styling. Since driving
related information provision systems, providing information not only about congestion
problems but also about accident black spots, approaching emergency vehicles,
opportunities for refueling, extreme weather events etc., are evolving, an important

112

WEATHER D4: Adaptation Strategies

issue is, how to display all the information a driver may have access to, using the right
display system. Three-dimensional displays have been introduced and nowadays it is
possible to furnish the information displayed to the particular user preferences and to
further adjust that according to changing conditions - such as traffic, weather, time of
day etc.
Regarding aesthetics design, the use of advanced displays and interfaces is expected
to result to new aesthetic concepts, with ―out of the box‖ dashboard design,
incorporating via digital displays a large number of controls into small areas, eliminating
the need for dashboard space, creating large interactive work surfaces. Controls can
take the form of touch sensitive displays, using multi-mode and menu systems, making
it possible to place displays and controls over various vehicle surfaces.
Driver Assistance
Driver Assistance Systems are systems to help drivers during the driving process.
Lately Advanced Driver Assistance Systems (ADAS) have been introduced to provide
solutions and when designed with a safe human-machine interface they are expected
to increase car safety and as a result, road safety.
Typical example of driver assistance technology is adaptive cruise control (ACC),
which allows a driver to maintain a constant speed, but also a constant distance from
front vehicles traveling in the same lane. A more detailed list of ADAS technologies is
discussed in the next paragraph of ‗Baseline measures‘.
Car2x Technologies
Wireless communication systems between vehicles (Car2Car), exchanging information
and warning each other of impending danger, and communication systems between
vehicles and infrastructure elements such as traffic lights or Variable Message Signs
(VMS) (Car2Infrastructure), together known as Car2X communication, are one
example of ITS solutions introduced to approach transport related problems as a
synergy of information, communication and control technologies (Schweiger et al
2011). This technology introduces vehicles‘ interaction with their surroundings
gathering information in order to enhance safety, -preventing accidents-, alert each
other about congestion, breakdowns and weather events and help to promote an
energy efficient driving style –resulting to reduced fuel consumption and emissions.
Car2X systems can significantly increase drivers‘ field of vision and address precise
single car driving instructions to inform drivers and prevent accidental encounters with
unseen obstacles on the road ahead. Car2X technologies can also help drivers on the
tactical (guidance) level by providing route guidance.
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Various research projects have dealt and are still dealing with using Car2X
communication to enhance traffic flow, increase traffic safety and reduce fuel
consumption and testing their impacts. Indicatively a number of European Research
projects have explored Car2X communication such as PRE-DRIVE C2X, CVIS,
FREILOT and simTD involving automotive industry leading ―players‖, like Daimler,
Audi, BMW, CRF, Opel, Volvo Technology and Volkswagen. These projects are about
to provide integrated commercial solutions and the actors involved constitute the
pioneers of the development of Vehicle Technology. Detailed descriptions of the results
as well as the expected outcomes of the projects which are considered to constitute the
baseline technologies are given in the respective paragraph (5.2.3).

5.2.2

Interviews and Workshop 3

In Workshop 3 of the WEATHER the presentation ―Adaptation Investment Strategy for
existing road network: Preliminary considerations‖ of Michael Ray from EGIS Group,
touched the issues of Vehicle technology and the respective infrastructure
characteristics. Even though there was no specific suggestion concerning ‗Vehicle
Technologies‘, Mr. Ray pointed out the need to have access to suitable vehicles for
emergency operations rather than investing in overly hardened roads.
This argument could be also related to the development of adequate vehicle
technologies which assist emergency operations during events (automated emergency
calls in case of accident) or even before an event/accident (GPS and Traffic
Management Control systems for providing up-to-date information, related to traffic and
weather conditions).
The following table shows the expert‘s opinions concerning the usefulness of
―Advanced Driver Assistance Systems (ADAS)‖ as a sample of adaptation measures
addressing the vehicle technology in general.
Table 13:

Road vehicle technology measures identified in Woprkshop 3

Measure

Potential
of risk
reduction

Feasibility

Flexibility

Ecological/
societal
impacts

Range
of costs

1-3

1-2

2-3

0 - +1

1-3

Road vehicle technologies
Advanced Driver Assistance
Systems (ADAS)
Source: WEATHER Workshop 3, 2011

The experts underline the rather large potential of risk reduction from the
implementation of ADAS technologies as well as their good flexibility. However, this
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information is useful just for providing a general picture since more detailed discussions
on the nature and the type of these technologies were not carried out during the
Workshop.

5.2.3

Identification of baseline measures

There are plenty recent and ongoing attempts for developing driving assistance
systems through the enhancement of communication and easiness of information flow
among vehicles, infrastructure and drivers. The first to test inter-communicating vehicle
fleet onto the road was ―FleetNet‖ research project funded by the German Ministry of
Education and Research. ―WILLWARN‖ (Wireless Local Danger Warning), a European
research project, used the ―Car-2-X Communication‖ system to radio details of critical
situations detected by their five vehicles equipped with on-board sensors – fog, black
ice or obstacles on the road such as broken-down vehicles – to following cars. These
early warnings enabled the drivers of the cars behind to prepare for the danger and
adapt their speed in plenty of time.
Lately, led by DaimlerChrysler, a large research consortium has been working on a
project called SIM (for ―Safe Intelligent Mobility‖) involving such technologies, and
implementing a large field trial to test Car-to-X communication. Five other German
carmakers, two major suppliers, Deutsche Telekom and a number of scientific and
public institutions have been collaborating on this large-scale test, which is supported
by three federal ministries, since 2008. The project is being carried out in the Frankfurt
region and throughout the urban area, 20 sets of traffic signals and 400 vehicles are
converted with the same technology. The project deals with the field of driving and
safety, involving cars exchanging their data, so that they can alert each other if there is
a threat of collision. Car-2-X communication harbors significant potential for enhancing
safety and reducing fuel consumption. The participating vehicles can alert each other to
congestion, breakdowns and weather events such as packed snow. Findings relating to
the traffic flow can promote an energy-efficient driving style. Such a change in behavior
will be especially important now that electric drive is set to become increasingly
widespread. Another benefit of Car-2-X is that the driver can be guided straight to a
vacant parking space. Within the framework of the project, starting spring 2012, 120
vehicles using Car-to-X communication systems will test the technology in the RhineMain region of Germany.
The three-year research project AMULETT, led by BMW Forschung und Technik
GmbH, (the German acronym for ―Active mobile accident avoidance and mitigation of
accident effects through cooperative data acquisition and tracking technology‖)
involves vehicles communicating with a radio transponder carried, for example, by a
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pedestrian for purposes of personal safety. Cooperative sensor systems between the
car and the transponder mean that even hidden pedestrians can be recognized. The
project is funded by the Bavarian State Ministry for Economic Affairs, Infrastructure,
Transport and Technology and alongside BMW Forschung und Technik GmbH. The
other participants are Continental Safety Engineering International GmbH, the
Fraunhofer Institute for Integrated Circuits, the Institute for High Frequency Engineering
at Munich‘s Technical University, and ZENTEC GmbH. In AMULETT project, the
possibilities of Car-2-X Communication were investigated with the aim of improving
pedestrian safety. To this end autonomous on-board systems for driving environment
assessment were linked up with communication between the car and a transponder
carried by a pedestrian or cyclist for their own safety. By means of this cooperative
sensor technology, the vehicle exchanges data with the ―Amulett‖, an active RFID-like
(Radio AMULETT) – radio technology for enhanced road traffic safety.
Within another project related to car-to-infrastructure communication systems, a traffic
signals detection system, called ―Travolution‖, was developed and implemented by
Audi in Ingostadt, Germany. ―Travolution‖ establishes a connection between traffic
signals and vehicles, so that traffic control signals send information to vehicles
informing them about the moment when traffic lights will be changing and what the
optimal speed is between each set of lights in an effort to improve traffic flow and help
reduce CO2 emissions by as much as 15 per cent. This corresponds to an overall
saving of approximately 900 million liters of fuel per year if the new technology were to
be deployed throughout Germany. Over and above this progress, the ―Travolution‖
project includes two additional car-to-infrastructure convenience services – online
payment at filling stations and parking garages.
Conclusively, from a general point of view driver assistance systems have been
introduced to provide solutions in order to increase car safety and as a result, road
safety. Typical examples of driver assistance technology include:
 Adaptive cruise control (ACC), which allows a driver to maintain a constant speed,
but also a constant distance from front vehicles travelling in the same lane.
 Adaptive Light Control, aiming at improving night time driving by means of
continuous adaption of the lightning according to the current driving conditions and
current environment.
 Intersection Collision Warning System, enhancing driver awareness of the traffic
situation at the intersection by using sensors to monitor traffic and warn vehicles of
approaching cross traffic.
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 Lane/Road Departure Detection and Warning, warning drivers when the vehicle
begins to move out of its lane (unless a turn signal is on in that direction)
on freeways and arterial roads.
 Pedestrian Protection System, suggesting new preventive design technology aimed
at enhancing safety for pedestrians.
 Front and Rear Collision Warning, using radars to detect and warn about vehicles
approaching.
 Braking and Stability Control Assistance, providing vehicle stability and helping
better control the vehicle during any emergency braking.
 Increase Fuel Efficiency System, suggesting the most efficient, in terms of fuel
consumption driving behavior.
 GPS and TMC systems for providing up-to-date information, related to traffic and
weather conditions.
 Lane Change Assistance, continuously monitoring the rear blind spots on both sides
of the vehicle warning the driver if changing the lane is not safe at that moment.
 Collision Avoidance System (Precrash system), designed to detect an imminent
crash or to reduce the severity of an accident.
 Intelligent Speed Adaptation or Intelligent Speed Advice (ISA), monitoring vehicle
speed as well as speed limit and assists drivers to adhere to it, through either an
advisory system, or through an intervention system where the driving systems of the
vehicle are controlled automatically to reduce the vehicle‘s speed.
 Night Vision, increasing drivers‘ perception and seeing distance in darkness or poor
weather beyond the reach of the vehicle's headlights.
 Intelligent Parking Assist systems, assisting the drivers in parking their vehicles.
 Traffic Sign Recognition, aiming at improving road safety assisting drivers by
automatically recognizing traffic signs placed on the road e.g. "speed limit" or
"children" or "turn ahead".
 Driver Drowsiness Detection, recognizing drowsiness driver patterns and detecting
when a driver is becoming drowsy in order to prevent accidents.
 Hill Descent Control, allowing a smooth and controlled hill descent in rough terrain.
 Vehicular Communication Systems (Car2X).

5.2.4

Assessment of adaptation measures

Intelligent Transportation Systems (ITS) are currently under wide research because of
their promise to enhance various aspects of transportation. Lately there has been an
increasing interest for research on the development of vehicle design, driver assistance
and car2x technologies in order to supply drivers with the adequate tools to facilitate
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the task of driving. Since the first introduction of computer systems in vehicles,
research efforts have been placed upon their effectiveness on controlling engine
management - ensuring smooth running, good fuel efficiency and performance-,
assisting drivers and increasing road safety. Most recently, they have been used to
offer more advanced on-board user-orientated information and assistance technology,
altering the way the driver controls the vehicle, while at the same time systems
continue to be developed to control and manage the mechanical elements of a vehicle
- such as engine, suspension and breaking.
As a result these developments are directly related with the field of driving safety, and
thus their efficient use could lead to technological solutions in response to adverse
weather phenomena as an impact of climate change. Since the aim of adaptation
measures in the transport sector as a response to extreme weather phenomena is to
mitigate the effects (on the transport system) from such events, increase safety and
maintain the functionality and efficiency of the system, innovative driver assistance
systems could constitute a useful tool towards this direction. The following Table
provides an indicative list of some basic driver assistance technologies that can be
regarded as measures promoting adaptation, namely measures that enhance traffic
efficiency as well as safety.
Table 14:

Driver assistance technologies for adaptation purposes

TechnologiesMeasures

Comment

Relevant
events

Impact
category

GPS and TMC systems

Providing up-todate information, related to
traffic and weather conditions

All/sudden
events

Increase of
traffic
efficiencyavoidance of
delays

Vehicular
Communication
Systems

Inform drivers for traffic delays
and also prevent accidental
encounters with unseen
obstacles on the road ahead

All/sudden
events

Increase safety
and efficiency

Traffic Sign
Recognition

Assist drivers by automatically
recognizing traffic signs on the
road

Sudden
events

Increase safety

Braking and Stability
Control Assistance

Providing vehicle stability and
helping better control the
vehicle during any emergency
braking

Sudden
events

Increase of
traffic safety

Source: Compilation by CERTH-HIT, 2011

The detailed assessment of the above mentioned technologies is presented in Annex
B.2.1 using the Standard Reporting Form. Concerning the aforementioned
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technologies, it is noteworthy that Vehicular Communication Systems in combination
with GPS and Traffic Management Control (TMC) systems could help drivers by
providing route guidance and also can make it possible to control traffic signal systems
according to prevailing requirements, resulting to enhancing traffic flow and making
driving more efficient. 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. A significant prerequisite however, is to hasten the
commercial penetration of such systems in order to make them accessible to the public
in reasonable costs. An indicative proposal towards this direction would be the increase
of public funding to the respective industry and research projects in these initial
development phases.

5.3

Rail vehicle technology

5.3.1

Literature review

Literature on vehicle technologies to reduce and/or to adapt the effects of climate
change may be found mainly in specialized engineering literature, e.g. from University
departments, industry reports and technical implementation guidelines of EU legislation
(e.g. ECTS legislation).
Example of the former category with particular reference to the UK, can be found in the
Baker at al. (2010) paper, providing a comprehensive review of the implications of
climate change for rolling stock and rail vehicle technologies in general.
In this paper, three potential implications from climate change have been identified as
far as their capability to exert an influence on rail vehicle technologies is concerned:
1.

hotter, drier summers;

2.

warmer, wetter winters;

3.

increased frequency of extreme storms.

Hot dry summers are going to affect the increased ventilations problems in
underground railways systems, causing also a greater need of on board air
conditioning systems. It has been stressed that as temperatures increase there will
also be an increased need for air conditioning systems on trains and there is a body of
research literature available that gives details of appropriate temperatures in trains to
maintain passenger comfort (Ye, at al. 2004). The same can be said for the high
temperatures in underground railways (Arkell, B. and Darch, G. (2006).
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Warm wet winters may affect the performance of on track and on vehicle electronic
circuits, Literature review (Chen, J., Roberts, C., and Weston, P. (2008), claims that
experiments are under way to estimate relationships between environmental conditions
and circuits.
The increased frequency of extreme storms is relevant to the extent that it raises the
issue of the impacts from extreme winds. The impact of extreme winds on
pantographs, train displacements, accidents and trees stability along the rail tracks
have been analysed (Bouferrouk, A., Baker, C. J., Sterling, M., O‘Neil, H., and Wood,
(2008), Cooper, R. K. (1979), RGS (1998). In particular, the impacts on wagon
construction has been taken into account in the UIC leaflet 571-4, defining the
parameters for wagon construction in intermodal freight transport, according to which
―the wagons shall incorporate devices to ensure the stability of empty large containers
and swap bodies against the effect of wind side‖.
An industry survey, including infrastructure managers and transport operators, the
organization of dedicated workshops, projects and other initiatives have been carried
out by UIC (e.g. ARISSC, 2011, Winter & Railways) about the implications of climate
change for rail vehicle technology and infrastructure.
The project ARISCC focuses on an integrated management of weather and climate
related natural hazards in a way that keeps and improves railway infrastructure
performance and avoids or minimizes damage to railway infrastructure assets. The
project starts with natural hazard management under today‘s weather conditions and
develops solutions and strategies to prepare for the changed climate and weather
conditions of the future.
A wide range of weather and climate related natural hazards such as flooding, severe
storms, landslides, rock fall, avalanches etc have been taken into account, together
with an assessment of the respective risks for railway infrastructure.
The results of ARISCC comprise the update and extension of an existing survey on the
current status of adaptation of European railways to climate change, a guidance
document on integrated natural hazard management, an extensive collection of good
practices and two case studies using regional climate models for the identification of
future regional climate loads and existing vulnerabilities of railway infrastructures. The
references to the project Final Report Deliverable also represent a good source for
literature review on the matter.
The Winter & Railways UIC initiative focuses on the evaluation of the implications of
the severe weather episodes in terms of new technical and organizational solutions.
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The seminars organized in the context of this initiative, e.g. the Stockholm seminar on
3rd of May 201119, have provided an opportunity to review design criteria and industry
solutions to tackle extreme weather events.
Concerning the relationships between technical implementation guidelines and rail
vehicle technology, an excellent example is the application of the European
Commission directives involving the rail sector. Of particular relevance is the
implementation of the European Rail Traffic management System (ERTMS) and the
related implementation of the European Train Control System (ETCS). The ERTMS
has been designed in order to create a unique signalling standards throughout Europe;
the European Train Control System (ETCS) is a unified European track-train
transmission based train driving supervision system developed in view of the rail
transport liberalization to ensure rail transport competitiveness by using the same
system in all European countries. The two initiatives are expected to ensure cost
reduction as a result of the wide scale of implementation, improving safety, traffic
management and, with reference to the adaptation to climate change, the capability of
the driver to detect accidents in vase of bad weather conditions. The implementations
benchmark reports (UIC, 2008, 2009) provide a review on the technological
applications at vehicle level, including information of costs.

5.3.2

Interviews and Workshop 3

The WEATHER Workshop 3 was held on May 20th in Rotterdam with 22 external
experts and the WEATHER project team. Concerning the vehicle technology and
operation, the second parallel afternoon session discussed technological and
operational issues of adapting transport to the consequences of weather extremes and
climate change.
Besides, the workshop raised to the attention of the experts a set of adaptation
measures to climate change, to be discussed in the lights of the suggestions from the
presentations and the results of the discussion on their implications of vehicle
technologies and fleet operations.
Concerning the rail vehicles technologies, the following measures were proposed to the
expert‘s evaluations (under the comments column):

19 Proceedings at http://www.uic.org/spip.php?article2740
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Table 15:

Rail vehicle technology measures identified in WEATHER Workshop 3
Measure

Hot
spots

Comments

Reduce speed and service patterns

Winter

Plans must be transparent and
communicated to users via several
channels

Minimise splitting of trains

Winter

Problems with materials and couplings

Systematic testing and winter preparation
of vehicles

Winter

Possibly expensive and difficult when
rolling stock is constantly in use.

De-icing boogies and wagon bodies

Winter

More winter maintenance than adaptation
activity. Adaptation of de-icing procedures
and provision of sufficient de-icer.

Covers for Automatic Coupling (UK)

Winter

Presumably cost efficient

Improved Train Design (e.g. Snow Socks
for Horns) and Air Filtering

Winter

Cost efficient measures, short-run
availability, preventing from repair

Source: WEATHER Workshop 3, 2011

The measures have been evaluated by Enno Wiebe (UIC Rail System Department –
Rolling Stock), who focused on the problem of winter seasons. The background for the
evaluation has been the historic data evaluation from the UIC project ―Winter and
Railways‖. In this project, it was stressed that a survey among the train operation
companies showed that one of the potential area of intervention is train design. The
Infrastructure Managers regard switches and crossings as most vulnerable and often
miss equipment for snow clearance. It has been stressed that there are various best
practises to prevent the rolling stock from winter problems, such as de-icing boogies
and wagon bodies and snow deflectors. The problem with switches and crossings can
be tackled by appropriate systems to assist snow clearance. Moreover, it was
suggested that the consequence of winter problems in operations could be eased by
adapted capacity plans and reduced service provision, accompanied by
comprehensive communication via radio, news and internet.

5.3.3

Identification of good practice measures

The baseline measures can be classified according to the following main categories:
 Rolling stock
 On Board equipments
 Vehicle design
Concerning Rolling Stock equipments (e.g. snow plough, bogie and running gear,
brakes, tilting systems, horns, doors, moving door steps etc), the outcomes of the
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surveys among Infrastructure Managers (IM) and Train Operating Companies (TOC)
carried out by the UIC in the context of the Winter & Railway project has identified the
following good practices or promising measures; from the Wiebe, E, Veitch, A.
presentation (WEATHER Workshop, 2011):
1.

De-icing boogies and wagon bodies

2.

Covers for Automatic Coupling (UK)

3.

Improved Train Design (e.g. Snow Socks for Horns)

4.

Improved Air Filtering

5.

Snow Deflectors

Furthermore, further improvements can arise from the implementation of the
standardization rules of the European Standard prEN 16251. This standard gives
guidance for the design and defines criteria for validation of the rolling stock and its
constituents under specific environmental conditions to which this rolling stock will be
subject. It also includes availability, reliability and safety aspects which are relevant for
the daily operation and the correct functioning of the rolling stock in these
environmental conditions. This standard applies to: - self-propelling thermal or electric
trains; - thermal or electric traction units; - passenger carriages; - mobile railway
infrastructure construction and maintenance equipment (on-track machines are based
on their specification).
Concerning the On-Board equipments, in the context of the ERMTS/ECS
implementation, the on-board equipments, (e.g. GSM-R On-board Interfaces) will
inform drivers through displays to ensure that drivers can see the limits independently
from the weather conditions. As final outcome, the prevention of railways accidents due
to the effects of bad weather and environmental conditions is largely expected to
improve.
Furthermore, as stressed in ERRAC (2010), significant potential could arise from data
detected through on board sophisticated innovative measuring systems, e.g. the Earth
Observation techniques (based on weather forecast, System Analysis Recording and
optical data), in order to be capable to foresee and monitor landslide events along rail
networks. Particular importance could be attached to the use of advanced SAR
interferometry techniques capable to detect small ground surface deformations that in
several cases precede the critical failure phase leading to landslide movements.
Interventions on vehicle design represent another area from which promising
adaptation measures can be drawn.
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The already mentioned UIC leaflet 571-4 has defined the parameters for wagon
construction in intermodal freight transport, according to which ―the wagons shall
incorporate devices to ensure the stability of empty large containers and swap bodies
against the effect of wind side‖. Spigots for ISO containers and swap bodies (with
―windnoses‖) are part of the wagon construction rules.
The results of the UIC Winter & Railways surveys have identified the following
measures addressing in general train design: warning horns, couplers, line inductors,
auxiliary converters, motor-alternator steps, brake resistors, electrical connectors.
A communication from Henrik Tengstrand20, has stressed the following promising
measures and areas of intervention, according to the point of view of a Nordic industry.
 To conceive a systematic approach from start of design
 To take into account low temperatures (-40 degC)
 Electrical components
 Batteries
 Lubrication
 Material, rubber, metal etc
 Parking during nights
 Start-up
 Humidity
 Condensation
 Snow, different conditions
 Melting and freezing

5.3.4

Baseline measures in service in 2050

This section analyses the baseline measures which are expected to be in service in
2050 even without any consideration of climate change of increases in weather
extremes.
Concerning rail vehicle technologies, in the long term horizon, a part the unpredictable
developments at industrial level, the most likely baseline measures affecting rail
vehicles technologies are related to future the development of The European Railway
20 H. Tengstrand, Bombardier Transportation, „Design Trains for Nordic Winter Conditions –

Industry experience, Winter&Railways Workshop at the World Trade Center. Stockolm,
Sweden, May 2011
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Traffic Management System (ERTMS). It is a major industrial project developed by six
UNIFE members – Alstom Transport, Ansaldo STS, Bombardier Transportation,
Invensys Rail Group, Siemens Mobility and Thales – in close cooperation with the
European Union, railway stakeholders and the GSM-R industry.
As discussed above, the ERTMS has two basic components:
1.

ETCS, the European Train Control System, is an automatic train protection
system (ATP) to replace the existing national ATP-systems;

2.

GSM-R, a radio system for providing voicGSM-R, a radio system for providing
voice and data communication between the track and the train, based on
standard GSM using frequencies specifically reserved for rail application with
certain specific and advanced functions.

In the long term perspective, the ERTMS is one of the most important driver of
technological development concerning rail vehicle. The next steps could be
characterised by the development of a global market for ERTMS/ETCS equipment and
systems. The development of this market is seen as an important incentive for
European industries to improve their competitiveness. In the long-term perspective at
2050 (FREIGHTVISIONS, 2009), the following activities could be further developed
with a view to ensuring the operational interoperability of ERTMS:
 The development of functional requirements of the system; GSM on board units.
 The development of engineering rules in order to avoid multiplication of different
operational situations.
 The specifications of the interface between the driver and the system (Driver
Machine Interface – DMI), taking into account possible harmonisation of the
trackside ‗boards‘ (fixed panel indications).
 The consolidation of the harmonised operational rules and their insertion into the
driver‘s rulebook.

5.3.5

Assessment of suitable adaptation measures

The assessment of the suitable adaptation measures, i.e. reporting their costs, benefits
and applicability, is conditioned by the availability of the relevant data. From literature
review (H.Tengstrand, 2011), a first group of measures addressing rolling stock and
vehicle design can be assessed:
a) Conceptual design solutions:
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Measure description: Exterior of train. The aerodynamic design can be conceived with
smooth walls, covered roof and under frame, avoiding gaps, cavities, water stagnation
and re-circulation. Expected results: minimal snow accumulation on and under the train
Measure description: Front of train. The front is completely covered and sealed to avoid
snow build-up in the front and the coupling bay. The coupler and the equipment in the
coupling bay is covered and the coupler head is heated to facilitate multiple coupling in
any weather. The snow plough is designed to handle loads resulting from running in
800 mm snow drift at 100 kph. Expected results: Experience has shown that the front
handles normal collisions satisfactory. The front GRP is spitted into segments which
are easy replaceable for quick repair in case of damages
Measure description: Air intakes. The air intakes for the traction motor cooling are
placed high at roof level at the end bogies and high in the intermediate gaps for the
remaining bogies. The positions are chosen to be where a minimum of whirling snow
passes the intakes.
b) System design solutions:
Measure description: Bogie. The bogie is designed with an open design which results
in: a) fewer and smaller surfaces for the snow to accumulate on, b) more openings for
the snow to escape through when pressed between surfaces. Cables and hoses are
not routed on top of the bogie frame and in the under frame, over the bogie – to avoid
crush damages when snow is compressed from bogie movement. Snow deflecting
covers on linkage arm to prevent snow packing. Metal spirals are installed to protects
the cables and ducts from ballast projection is a metal spiral used. The spirals also
supports the additional weigh from snow and ice accumulating on the cables.
Encapsulated primary springs. The solution of today has encapsulated primary springs
to prevent snow packing and short circuits in the suspension.
Measure description: Exterior equipment. Windscreen wiper. The movement of the
wipers are ensured by a heating foil which heats the fixation region, melting the ice
which may hinder the movement. Sliding steps The step surface is heated to melt the
snow and ice resulting from passengers entering the vehicle. A brush mounted above
the step removes gravel from the step surface when the step closes. Rear view
cameras, in which the camera housings are heated to avoid snow and condensation.
Signal horn, to avoid snow accumulation in the horn has a cover consisting of a
deflector plate and a fine mesh been mounted in front of the horn.
Measure description: WC and water systems. To prevent water from freezing in the
WC systems has a number of solutions been introduced.. All water systems are placed
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inside the climatic shell. Drainage pipes and tanks placed outside of the climatic shell
is heated. If the temperature inside of the train drops below +4°C or if the battery power
falls below 98 V is the water systems drained at the lowest point..To prevent overflow
pipe from freezing a water trap was introduced. The overflow pipe has also been
equipped with heating.
Measure description: Coupler. The coupler head has heaters installed. An additional
snow cower is placed on the coupler head. A snow gaiter is mounted to prevent snow
from entering the coupling bay.
Measure description: Under frame and traction equipment. The under frame is
encapsulated. The encapsulation in combination with a number of air intakes with
labyrinth filter gives a snow-free environment in the under frame.
In general, the above group of measures are considered cost-efficient, with an
implementation technically feasible (see the standard reporting form in Annex B.2.2 for
Bogie).
c) Communication systems
Concerning the ERMTS On-Board units, five case studies were carried out in the
context of a benchmark pool (UIC, 2009). The case studies provided an evaluation of
two aspects:
 The life cycle costs of the On-Board-Units, i.e. including R&D costs, investment
costs (engineering and system design, training, etc) and operation and maintenance
costs
 The Key Performance Indicators (KPI) of the on-board equipments, in order to
review the impacts of the technologies on a basket of key indicators (safety,
capacity, reliability, punctuality)
The former aspect can be examined in the standard reporting form in Annex B.2.2
while the reporting of the KPI aspects has suffered of delays, due to the difficulty
incurred by operators in data collection.

5.4

Urban Public Transport technology

5.4.1

Literature review

Public Transport plays an important role when talking about reducing emissions for
decelerating climate change [FTA 2009]. Above, by means of new technologies,
vehicles can be made more energy-efficient (e.g. lightweight constructions,
efficient/eco-friendly drive trains, thermal insulation, energy- and thermo-management).
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On the other hand Urban Public Transport (UPT) is affected by extreme weather
conditions making operation and usage unreliable under such circumstances. Main
issues are high temperatures, temperature changes around zero degree Celsius and
extreme snow conditions.
There is only few literature available concerning new technologies for more robust
vehicles, as the market is conservative and damages are not classified according the
reason (e.g. weather condition) but repaired when they occur, see part 5.3.2,
Interviews and Workshop 3 and Deliverable D2.
Winter Problems and Solutions
Berlin S-Bahn, the rapid transit system in and around Berlin encountered several
technical problems during the years 2009 to 2011 due to weather conditions and
maintenance failures. The whole crisis is documented on http://www.s-bahnberlin.de/unternehmen/firmenprofil/krise.htm. As a consequence, two working groups
were set up to evaluate problems and measures concerning vehicles and
infrastructure. Short versions of the expert reports are available at: http://www.s-bahnberlin.de/aktuell/2011/169_expertenbericht.htm.
The report on vehicles [IFB 2011] stresses the importance of maintenance to overcome
lacks of constructions via technical modifications.
Above, several studies for rail way systems in wintery situations have been carried out,
which lead to further advices concerning construction and maintenance [UIC 2011,
transrail 2006]. Even though those studies focus on high-speed traffic, reasons and
measures are also applicable for urban railway systems. The main winter issues
identified by [UIC 2011] are: temperature changes crossing the point of zero degree
Celsius and extreme snow conditions. According to [UIC 2011] vehicle parts with most
problems are couplers, electrical connectors, sliding doors, braking system, windows
and pantographs requiring measures concerning construction and maintenance for a
full functionality as stated for Berlin S-Bahn.
Summer Problems and Solutions
Heat is a big issue in old metro systems of London [GLA 2005], New York or Moscow
[CPCA 2010]. The heat load is due to train motors, lighting, body heat from passengers
and braking. If additionally the surface air temperature rises, the heat load extends, too.
In-car air-conditioning units bring relief to passengers; however, climatisation of
vehicles via conventional air-conditioning units leads automatically to more heat and
humidity for the infrastructure including tunnels and stations [MW 2010]. It is therefore
necessary to implement an all embracing climatisation strategy [LUL 2011].
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Above passenger comfort and safety [BBC2006], with rising temperatures, energy
consumption for air conditioning rises. This may lead to black outs, as occurred on the
metro network in Vienna in 2010 [WK 2010]. Electronic equipment and driving engines
are also vulnerable to heat, and therefore require technical solutions such as oil-free
compressors [ntv 2010]
Innovative Solutions to Flood and Varying Water Levels
By now, amphibious busses are used in the Netherlands as tourist attractions e.g. in
Rotterdam and Amsterdam [DATBV 2011]. However, trials have been carried out in
Glasgow to replace a ferry by such a vehicle [Europebus 2011], see figure below. Such
combined vehicles are an option for evacuation measures in flood situations and for
varying water levels.
Figure 26:

Ampfibious bus in Glasgow

Source: B&C (2010)

5.4.2

Interviews and Workshop 3

During research for Deliverable D2, Annex B.2.3, an interview had been carried out
with Mr. Hauenstein, head of tramway service of Dresden‘s UPT provider DVB in
October 2010. He stated that weather related damages to the vehicles are common
(e.g. frozen water circuits or sand reservoirs, superheated power converters) [DVB
2010]. However vehicle repairs are not documented along with their reasons. It can be
presumed that technical solutions to weather related damages are not urgent – at least
for Dresden and its region.
Dr. Jan Schubert, leader of the working group ―vehicle technologies‖ at Fraunhofer IVI
explained that public transport providers are rather conservative in using new
technologies which could affect the reliability of the vehicles during research and pilot
testing. Nevertheless, innovations to make busses robust against cold with insulations,
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against salt with bitumen sealing under bus floors and heat (cooling, shadow plates for
components like heat-sensitive power converters on roof constructions and airconditioning in trams and urban buses) made their way in to solutions available on the
market [SchJ 2011].
Dr. Ulrich Potthoff, head of department ―traffic, energy and environment― and head of
working group ―electro mobility‖ at Fraunhofer IVI, argues that instead of using
separate new components to solve environmental problems integrative vehicle
concepts should be designed and vehicles should be tested thoroughly, e.g. in climate
chambers or under realistic environmental conditions. Furthermore, his crew is working
in cooperation with SPHEROS on load dependent thermal management systems for
busses [SPHEROS 2010] which enable energy efficient integration of heat producing
and heating requiring components. This allows reducing climatisation units as a part of
a proactive concept for lightweight and energy efficient vehicles [Ptth 2011].
The 3rd WEATHER Workshop held in Rotterdam 2011 was a further source of
adaptation measures. During Plenary I, Enno Wiebe and Alex Veitch gave an overview
on winter related issues in railways [WieVei 2011]. There are various best practices to
prevent the rolling stock from winter problems, such as de-icing boogies and wagon
bodies as well as snow deflectors.

5.4.3

Identification of baseline measures

Technical measures
Following adaptation technical measures have been identified:
 Create integrative and energy efficient vehicle concepts instead of kludges; this
includes lightweight vehicle concepts, efficient drive trains, energy management
systems and thermo management systems.
 Test intended robustness in climate chambers for [RTA 2010]:
 Functional test of the air-conditioning equipment and onboard electronics
 Optimisation of the energy consumption of air-conditioning equipment
 Temperature-dependent comfort.
 Test intended robustness during real outdoor usage [Citaro 2011].
 Find solutions to specific weather related problems:
 increase robustness against heat with e.g. cooling, shadow plates for roof
constructions, thermal insulation, air conditioning (local for driver or whole cabin),
oil-free compressors
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 increase robustness against freezing liquids by e.g. heating sand reservoirs,
heating flooring in entrance area/doors, heating toilet reservoirs, automatic water
emptying systems when parking
 increase robustness against cold with thermal insulation
 increase robustness against intrusive snow by means of construction measures
including filter mats, snow protections, snow covers around springs
 increase robustness against storm with shifting the centre of gravity
 increase robustness against salt by means of protective coating with bitumen
sealing and stainless steel
 use safety components for safe busses in wintery conditions including ABS,
anti-slip control and four-wheel busses.
Figure 27:

A train in a climate chamber

Source: RTA (2010)

Maintenance and monitoring measures
Additional to technical measures, maintenance and monitoring are important issues to
keep systems working according to their specifications. Such measures include:
 sustain functionality and robustness with consequent maintenance (including
advanced de-icing, cleaning and repair)
 monitoring of humidity and temperatures in metro systems.
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5.4.4

Assessment of suitable adaptation measures

Assessment of technical measures
Integrative vehicle concept can tackle all known or assumed hazards and deliver an
approach for efficient resource usage as a wider impact. If a vehicle is specified and
designed properly, damages due to possible extreme weather events are less likely. It
should be easily implementable; it requires, however, the willingness of manufacturers
and costumers. If the concept is flexible enough, vehicles may change some features
or operation of some features (energy management, thermal management) during the
year depending on climatic conditions.
Climate chambers are a means of testing the intended or specified robustness.
Specific hazards may be tested (temperatures, wind) and show dangers. This test may
be carried out before regular service or during maintenance periods. However, as there
are only few such chambers it might be expensive to carry vehicles from their
operational area to the testing area. Tests may also be carried out in ―real-life‖, as
Summer in Spain or Winter in Scandinavia may be considered as extreme when
comparing it to conditions in Middle Europe.
To find stand-alone solutions to weather related problems is the appropriate measure
to fix arising problems not solved by the original vehicle design. They may come at a
relatively low price compared to a new vehicle. However, it is a further (possibly failing)
component which could have been omitted with an integrative vehicle concept.
Assessment of maintenance and monitoring measures:
Maintenance includes functionality test and, if necessary, cleaning and repair. As
maintenance ensures the functionality of the vehicle specification, it is essential to
avoid malfunctioning vehicles. Depending on the elaborateness of maintenance plans,
failures are detected quickly, thus risks of hazards are minimized.
Old underground networks were not designed for such a high density of vehicles and
passengers. To keep the systems operating in a safe way for health and equipment, it
is necessary to monitor humidity and temperatures arising from higher traffic
densities and surrounding conditions like hot summers. The costs for measurement
and monitoring equipment pays off in avoiding health and equipment risks.
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5.5

Waterborne technology

5.5.1

Literature review: IWW Technology adaptation measures

The main technological adaptation measures include enlargement of the vessel size,
the use of lighter materials in ship building and the introduction of telematic systems.
Adaptation of vessel types
New developments in vessel construction lead to innovative types of vessels. However
these developments are subject to the current legal allowances (e.g. max. length of
135 metres for barges on the Rhine). The necessity to adapt the ship design depends
on the infrastructure, e.g. on the Rhine the width of the river bed as well as the bridge
clearance hardly pose any restrictions to shipping.
Generally speaking the maximum payload increases when the vessel measures
―length‖, ―width‖, are enlarged subject to the draught. An adaptation measure for low
water levels therefore consists in making the vessels longer and broader, with less
draught. There is a linear relationship between an increase in ship length and increase
in payload. However the increase in payload is less for smaller draughts, e.g. an
increase in vessel length from 85m to 110 metres (by 30%) at a draught of 2,50m
increases the payload by ca. 30%. However, if the draught is 1,50m the payload only
increases by 17%. Enlarging the ship width increases the payload by 70% of the width
increase, assuming bigger draughts, e.g. 2,50m; for smaller draughts (e.g. 1,50m) the
gains in payload are smaller. In summary, the payload can be increased by enlarging
ship length and width. However, the smaller the draught the smaller this effect. From a
cost perspective, it is more expensive to enlargen the ship width of an existing vessel
than to increase the ship length. If both measures are implemented together, the effect
of increasing the payload is reduced by 10%, because the vessel is becoming heavier.
Use of new (lighter) materials in ship building
Fibreglass or GRP (glass reinforced plastic) moulding represent innovative new
materials in ship building. The material reduces the weight of the vessel and therefore
the draught; it increases the load capacity but also leads to higher material costs.
Telematic systems
ARGO: fairway information system with radar and electronic map; ELWIS: transmission
of nautical information; WABIS: GPS positioning and real-time simulations for better
shipping forecasts.
Whale tail propulsion system
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The system contains a rotatable body with four rotating horizontal carbon blades on
each side. The blades are continuously variably positioned through a computercontrolled hydraulic system. Efficiency gains of ca.30% (% reduction in fuel use and
CO2 production) due to the shape of the wailtail blades, compared to a conventional
propeller; at the end the blade surface and pitch are smaller allowing maximum
propulsion also in low waters.
Use of heelmeter
Heelmeters show the heel of the vessel to avoid running aground
Lowering of the wheelhouse deck
Lower wheelhouse decks allow a safe passage of bridges.

5.5.2

Literature review: Technology adaptation measures in the
maritime sector

With regard to extreme weather conditions, two main types of technological adaptation
measures were found in the literature:
 smart technologies for abnormal events detection
 new design for sturdier ship.
Both types of measures we will here illustrate with a couple of examples.
Concerning smart technologies we can mention the ScanMaris technical system of
detection of abnormal events and TaMaris system capable on interpretation of detected
suspect vessel events. The main technical challenges in these systems - to fuse data
acquired in real time from various sets of deployed sensors (conventional coastal
radar, automatic identification system receiver, high frequency long range radar, high
resolution optical cameras, satellite imagery, etc.) over a large maritime zone, and
combine them with auxiliary information coming from existing on line databases
(TF2000, LLOYDS, EQUASIS, SATI, ICCAT, METEO-OCEANO, etc.) or intelligence,
to built a common operational intelligent traffic picture where tracks for each detected
vessel (cooperative and non cooperative) are appended with auxiliary information
(name, flag, type, operator, owner, tonnage, characteristics, destination, navigation
conditions etc. (Michel Morel et al, 2009). The information presented to the users by
new generation TaMaris is enriched with sets of alerts, contextual information and new
features to improve the quality of the analysis. The contextual elements comprise
metrological, oceanography, economical and many other to be timely linked with the
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detected abnormal vessel behaviours. For example, Figure 8 gives alarm on container
propulsion failure displayed to the operator with related information.
Figure 28:

Alarm on container propulsion failure with vessel location and date
(red vignette), vessel type and name (white vignette) and speed
history profile (black vignette)

Source: Michel Morel et al, TaMaris project, 2009

Concerning the advanced ship designs for enhancing the ship navigation performance
and safety qualities, one can give an example on a new design ship ULSTEIN AX104.
Marine operations are affected by winds, waves, sea ice and storm surge and the
design of the ship caters for these issues. The ship stands out with its superior qualities
and enhanced safety performance.
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Figure 29:

Picture of new design vessel ULSTEIN AX104

Source: http://www.norskdesign.no/case/new-ship-design-gives-international-successarticle5350-7733.html

ULSTEIN AX104
Superior qualities - The new bow shape means reduced slamming when the ship is in
motion. Movement both when sailing in a head sea or with a tailing current is calmer,
thus giving greater comfort. In addition, fuel consumption is lower and the ship
produces fewer emissions. One can maintain faster speeds in high seas, with the same
energy consumption as earlier. Last but not least, reduced sea spray means there is
less risk of icing.
Greater safety - The handling of the enormous anchors that secure floating
installations to the seabed has traditionally been a very heavy and dangerous job. Oil
companies have therefore demanded equipment that increases safety. The new stern
means that a large part of this work on ULSTEIN AX104 has been automated. While
the heavy anchors previously had to be hauled over the stern, they can now be lifted
up by a moveable stern that lies flat on the deck. Furthermore, there is no longer any
need to have crew members on the rear deck during the most dangerous operations.
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Other measures found in the literature address the mitigation issues on reduction of
CO2 emissions from ships and on efficient energy use (green vessels, low-emission
vessels). The International Maritime Organization (IMO) estimated that a combination
of technical measures could reduce carbon emissions by 4%-20% in older ships and by
5%-30% in new ships. However, their implementation in existing ships on a significant
scale will take decades. The maximum reduction of emissions of the world fleet was
estimated at about 18% by 2010 and 28% by 2020, when all mitigation measures
would have been implemented. Here, too, the mitigation potential is not expected to be
sufficient to offset the growth in shipping activity over the same time.

5.5.3

Identification of baseline measures

This section investigates which adaptations to the inland waterway and maritime
shipping technology are likely to be implemented in 2050 independent of the impact of
climate change. A distinction needs to be made between the research & development,
e.g. regarding new materials in ship building, and the implementation in the market.
R&D activities are well on the way (e.g. new ship designs by the Ulstein Yard),
however given the long life cycle of ships (ca. 20 years for inland waterway barges) it
will take a while until new developments will penetrate the market. The technical
changes in shipbuilding are likely to be implemented faster than the adaptation of the
infrastructure because they are private investments and directly benefit the businesses.

5.6

Aircraft technology

5.6.1

Literature review

Adaptation to weather extremes is not yet recognised by the airline industry as a
growing problem. Most carriers consider the reduction of greenhouse gas emissions as
primary goal emerging from the debate on climate change. As the sector is rather
dynamic and as weather patterns only change slowly it is, like in other industry
branches, assumed that adaptation can be taken into account as soon as the change
in extremes becomes certain and starts to get visible.
Nevertheless, a number of technologies are discussed in literature and are tested by
airlines and air traffic control to make flying more resilient to external factors and to
increase airspace and airport capacity. Harmful weather conditions are one among
several motivations for improving communication systems, technologies and
procedures.
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In this section we focus on technologies and communication systems for air traffic
control and airlines. Pure airport related systems are excluded from the consideration,
but it is acknowledged that airports play a crucial role in determining the resilience of
aviation towards weather extremes.
a) Ground-based ATM weather systems
The operation of commercial aircrafts involves intensive communications between the
aircraft crew and ground staff. Thus, parts of technical components required to safely
run aircrafts are not located on board. Nevertheless, and as we have omitted airport
facilities in this study, we consider ground based information and control services part
of aircraft technologies.
Automatic Identification of risky Weather Objects in Line of Flight (AIRWOLF)
Currently air traffic controllers have no instruments available supporting the
identification and handling of extreme weather conditions at their working place. Textbased information on extremes have to be integrated manually into decisions, which
implies a big influence of mental power and condition of the controller. Moreover, pilots
usually have better equipment allowing more precise forecasts and thus causing
confusion on the actual conditions between them and ground control.
To improve the situation Ahlstrom and Jaggard (2010) draft the ―Next Generation Air
Transportation System‖ (NextGen). This shall implement weather instruments to
support air traffic controllers by simplifying, accelerating and unifying relevant
information. With the system AIRWOLF a respective pre-warning system, allowing the
controller to recognise critical routes of aircrafts well before they area reached, was
tested in the US. Weather phenomena are depicted on the radar screens including
their hight speed and direction. Automatic warnings are sent to pilots taking into
account the type, and thus the vulnerability, of the respective aircraft. An extension
would be automatic warnings delivered with auto generated recommendations of
alternative detour routes to overcome sequenced human reaction times. A combination
of AIRWOLF with other control instruments, e.g. for capacity control, is principally
possible. A direct and permanent data link between aircrafts and air traffic control can
be considered to be realised in future and could help implementing NextGen
technologies. Similar systems are currently researched in Europe.
Weather Information Management System (WIMS)
One of the core objectives of the EC-funded research projects FLYSAFE (Forster et all,
2008) is the development of a ground-based weather information and management
system (WIMS) to improve the awareness of pilots for weather extremes. The system
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shall make use of all data from satellites, weather observation centres and air traffic
control and shall improve air traffic safety (FlySafe 2011). Background of the WIMS
system is to overcome the many data inconsistencies in air weather systems by
generating unique transmission protocols.
Figure 30:

Weather Information Management System (WIMS) scheme

Source: http://www.eu-flysafe.org/EU-Flysafe_Public/Project/Overview.html

The system is rather similar to AIRWOLF, but focuses more on weather forecast
facilities, common data standards and the timely provision of weather information. The
latter is of utmost importance as currently weather forecast are updated only four times
a day, which is e.g. too less for thunderstorms. A challenge is to present the data in a
sufficiently simple way on order not to overload the pilot, but in the same time to ensure
precise information for all weather categories. The Flysafe project proposes different
WIMS for different weather extremes (Flysafe 2009). The introduction of WIMS can be
fostered by the increasingly frequent use of electronic flight book and the Single
European Sky (SESAR), but institutional problems and quality and certification issues
have to be solved (Tafferner et al. 2010).
System Wide Information Management (SWIM)
The SWIM concept emerges from the research project Single European Sky ATM
Reasearch (SESAR 2011) and is considered one of the most ambiguous research
project launched by the European Commission. The project concludes that the
resilience of the aviation system to weather extremes is low and that there is not a
single technology solving all problems. SWIM should therefore provide a platform for
connecting specialised technologies and applications and to provide access to all
parties. The project also confirms that adaptation is not solely driven by natural
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hazards, but serves a variety of objectives, in particular optimising aircraft movements
and increasing airspace capacity. The costs of data exchange between weather
service providers, airlines, flight crews and air traffic management shall be reduced by
an efficient use of information.
Key components of the system architecture are
-

Separation of data provision and data use
Solving of system interlinkages
Use of open standrds and
Implementation of a service oriented architecture.

SWIM does not create new systems, but enhances the efficiency of air travel by a
powerful and flexible system architecture. Weather extremes can be handled better as
information are available more timely and thus reaction strategies can be planned
before critical situations emerge.
Localised Aviation Model Output Statistics (MOS), programme (LAMP)
As weather forecast systems currently in use do not in all aspects suite the needs of air
traffic, enhanced systems have been developed in the US. Among these are the Global
Forecasting System (GFS) and the related Model Output Systems (MOS) (Rudack und
Ghirardelli 2010). Even more safety is expected from the Localised Aviation MOS
Product (LAMP) providing short run forecasts from one to 25 hours ahead of
dangerous events through an hourly update of MOS data (Rudack 2008). Information
provided include: thaw points, wind speeds, temperature, cloud altitude and visual
conditions (fog). These are derived by regression models using local data and
atmospheric model results.
The LAMP system requires the installation of new ground-based weather stations and
has some difficulties in generating reliable weather warnings. However, its precision in
short-run weather warnings clearly exceeds that of the traditional MOS system (Rudack
2008). Future improvements require work on convection control to get more reliable
predictions on turbulences, including thunderstorm cells without lightning (Ghirardelli
2011). This requires smaller grid blocks and thus additional weather stations on the
ground. A similar system would be possible for the European airspace.
Tropospheric Airborne Meteorological Data and Reporting (TAMDAR)
According to Kaufmann et al. (2004) only parts of the aircraft fleet are equipped with
weather sensors, e.g. for recording humidity as a key indicator for the formation of
convective weather conditions. In particular freight aircrafts lag these sensors and
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respective transmission technologies to a weather service. The TAMDAR system could
close this gap. It is suitable for all aircraft categories, but requires the equipment of
aircrafts with an appropriate processor system and focuses on weather conditions
below 5000 metres. The precision and thus practical value of the system increases with
the number of aircrafts participating in the system. Besides the continuous recording
and assessment of weather conditions the system permits the comparison of pilot
reports to prevailing flight conditions, eliminating subjective elements. Currently 4000
aircrafts are under contract in the US. A transfer to Europe is possible.
The re-design of cockpits is rather costly as it entails not only design and construction
costs, but also the re-education of pilots. Due to economic considerations airlines and
aircraft manufacturers do not consider this technology to become standard in the near
future.
Further technologies or systems for advanced air traffic control:
 Weather and Radar Processor (WARP): Processor and software to provide Nexrad
weather radar returns to air traffic controllers on their Display System Replacement
screens. The system gives en route facility controllers a complete picture of the
thunderstorm activity. A pilot may be trying to deviate around even before the pilot
picks up the cells on his airborne weather radar.
 Low – level wind shear alert system (LLWAS): The system measures wind speed
and direction at remote sensor station sites situated around an airport. It is a
ground-based system.
 Wake Vortex Prediction and Monitoring System (WSVBS): It tactically increases
airport capacity for approach and landing on closely-spaced parallel runways. The
WSVBS supports dynamic adjustment of aircraft wake vortex separations
dependent on weather conditions and the resulting wake vortex behavior without
compromising safety. Dedicated meteorological instrumentation and short-term
numerical terminal weather prediction provide the input to the prediction of wakevortex behavior and respective safety areas. The prediction tools employ a number
of conservative aircraft parameter combinations that represent the Medium and
Heavy aircraft weight categories.
On-board Systems
Systems installed in aircrafts to ease the impact of adverse weather conditions mainly
range around detection, warning and communication technologies. Besides the
measurement of atmospheric conditions pilot interfaces are mentioned in literature.
Seven products with different stages of development and market diffusion have been
selected.
Intuitive view (Intuvu) radar systems
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Recent trends in providing pilots with weather information are intuvu radars. These
display convective weather cells by coloured 3D animations by two displays. By this
technology the pilot can easily define suitable alternative routes (Hughes 2008).
Figure 31:

Screen design of of an intuitive View (Intuvu) Radar system

Source: http://forums.falconeasygroup.com/ubbthreads.php?ubb=showflat&Number=1396

With the RD-4000 this type of advanced informationprocessing is already standard in
the cockpits of Airbus A380, A350 and the business jet Gulfstream G6500. Due to
space requirements, however, it is not yet suitable for many other aircrafts. Solutions
are variable single display systems, where the pilot can select the view to be taken.
The radar allows reducing turbulence cases by 45% and false warnings of side wind
gusts by 15% and offers 30% lower maintenance costs, 15% higher reliability, less
efforts for pilots and reduced Kerosene consumption.
Turbulence Prediction and Warning System (TPAWS)
The TPAWS is a system already in use for detecting air turbulences through the
measurement of air humidity. Consequences for the specific aircraft are estimated by a
software taking into account its weight, size and speed. The TPAWS constitutes an
avionic system consisting of two components (Croft 2005): Enhanced Turbulence
Radar (ETR) and Turbulence Auto Pirep System (TAPS). Additional features are the
warning of other aircrafts and information of the arrival airports on specific parts of the
aircraft to be checked after landing. Potentials for further development is to improve the
turbulence recognition rate from currently 80%.
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DELICAT LIDAR System
LIDAR (light detection and ranging) systems shall detect clear air turbulences (CAT),
which are currently responsible for 40% of turbulence related air accidents and which
cannot be detected by today‘s weather radars (Franken et al.). The ―DEmonstration of
LIdar based Clear Air Turbulence Detection― (DELICAT) project aims at making an
aerosol reflection technology, which currently only works for short distances, applicable
to commercial aircrafts (Vrancken et al.).
Further aircraft related detection and communication technologies:
 Automatic storm cell detection system (Rockwill Collins WXR – 2100) ―Multi-Scan‖
radar which transmits two different beams, slightly offset vertically, instead of the
single beam usually used. The Ground return reflects differently when hit by the
second offset beam, while thunderstorm cells don‘t. The result is an automatic
depiction of the relevant storm cells ahead.
 The system was taken over by Boeing in 2005 and should have a very positive
benefit over cost ratio. It can thus be expected that the WXR – 2100 and similar
systems will have fully entered the commercial aircraft fleet by 2030 reducing storm
impact on aircrafts considerably.
 Turbulence Prediction and Warning System (Tpaws): It alerts pilots and gives them
time to avoid an encounter. Technology detects turbulence by measuring the motion
of moisture in the atmosphere. It gives weather radar the additional capability to
relate atmospheric turbulence intensity to the dynamics of a specific airplane.
 Although turbulences constitute an important source of accidents and passenger
discomfort in air travel, the Tpaws system is not yet standard in commercial aviation.
The reasons for that have not become clear through our investigations, but we can
suspect that the detection level is still not sufficiently reliable. More appropriate
systems thus are to be developed.
 In the US around 400 aircrafts are currently equipped with the technology and are
contracted by AIRDAT. Wider market spread is expected to happen soon, further
improving the availability if instant weather warnings in aviation meteorology.
 New design of graphical display: New graphical display specialized for
meteorological information can help pilots to recognize dangerous weather earlier
and faster because of the better overview of the weather data during the flight.
 Enhanced Vision Systems (EVS): Combination of Sensor Vision and Synthetic
Vision makes a data fusion of different visual information from different sources
possible. The technology combines images of Infrared (IR) cameras and millimetre
wave radar systems with terrain model data, precision navigation and flight attitude
data.
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 The technology is available, but not yet standard. It is expected to improve
maneuverability and landing procedures under low vision conditions, such as fog,
snow storms and heavy rain. The system can be expected to be standard within the
coming decades.
 Radar Wind profiler: Electromagnetic wind profilers are essentially radars that are
configured and optimized to receive echo returns from layers of air above their
location. They process the signal to derive their velocity parameters as functions of
height. Pilots can identify vertical wind shears and react appropriate and minimize
the risk of those wind shears to ensure the safety of the passengers.
 Airborne wind shear detection (AWD): It detects and alerts the pilot both visually and
aurally of a wind shear condition. There are reactive and predictive versions of the
system. The predictive one detects microbursts by spotting the Doppler frequency
shift of the microwave pulses caused by the microburst ahead of the aircraft and
displays the area where it is present in the Navigation Display Unit.
 The technology is already standard. Information on costs and benefits are not
available IEEE Intelligent Transport System Society is presently conducting
researchers for further developments of this system.
Aircraft materials and design
Materials play an important role for aviation as they determine aerodynamic properties
and aircraft weight and thus highly impact the cost of aircraft operation. As
demonstrated by Table 16 in particular the weight factor plays a decisive role in
aviation, compared to road transport.
Table 16:

Exchange constants for mass cost tradeoff for transport systems

Sector: Transport System

Basis of estimation

Exchange constant (US$/kg)

Family car

Fuel saving

1-2

Truck

Payload

5 - 20

Civil aircraft

Payload

100 - 500

Military aircraft

Payload

500 - 1,000

Space vehicle

Payload

3,000 - 10,000

Source: Ashby et al., 2009

Composite materials are common in aircraft construction since several decades due to
their stability and low weight. But they perform badly under adverse environmental
conditions. To improve safety and the durability of the aircraft components the ECfunded research LAYSA aims at designing and manufacturing a novel layer concept
with multifunctionality based on nanomaterials (LAYSA 2011). The outputs could show
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benefits not only in terms of less ice formation, but also in terms of heat and lightning
resistance of wings and airframes.
An appealing new option is provided by nano-structured materials that repel water
droplets before they have a chance to freeze (ACS 2011). The concept has been
developed by the Harward University and could keep airplanes, power lines or roads
ice-free even during harsh winter weather. The basic idea is copied from nature, e.g.
the surface structure of mosquito eyes. The solution should be more economical than
standard de-icing procedures. The structures can withstand high impact droplet
collision, such as those in driving rain or by planes in flight, down to -30°C. Moreover,
the ice that can be removed much easier than on flat surfaces. In comparison with
traditional ice prevention or removal methods like salting or heating, the nanostructured
materials approach is efficient, non-toxic, and environmentally friendly. Real world tests
have started and the researchers expect that commercial applications are available
soon.
Another option to impact the weather resistance could be alternative aircraft wing or
body designs, such as the blended wing aircraft body tested by Boeing. However,
reliable information on the performance of such systems under extreme conditions is
not available.

5.6.2

Interviews and Workshop

In the framework of the research interviews with selected stakeholders have been
carried out. The interview partners represented the
 Airline sector (Deutsche Lufthansa AG and the German Airline Association/
Bundesverband deutscher Fluggesellschaften BDF),
 Air traffic Control (EUROCONTROL) and the
 Airport sector (Work Group of German Airports/Arbeitsgemeinschaft deutscher
Verkehrsflughäfen ADV).
The experts have been confronted with questions on:
 The perception of climate change and weather extremes,
 The relevance of several types of extremes and
 Sector strategies.
All experts agreed that weather has been and will remain a top issue for the sector with
icing and thunderstorms posing the biggest threat on the sector, but changes in
weather pattern due to climate change are not considered a need for action yet as the
matter is complex and possible adaptation measures get relevant only in the long term.
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It is acknowledged by all interviewees that global warming will fundamentally impact air
transport networks, and that adaptation strategies need to consider air traffic control,
airlines and airports jointly. Different responses have been given in terms of the change
of demand patterns in the future and weather air traffic hit harder than other modes by
climate change. The experts have been asked to assess the measures discussed in
Section 5.6.1, but they were not able to provide detailed figures.
In the WEATHER Workshop 3 only one measure on aircraft and ATM technologies was
assessed: ―Airborne sensors/weather radars for all types of aircrafts‖. The Single
European Sky ATM Research Programme (SESAR) already addresses specific aircraft
specific technologies as well as system transitions towards the next generation ATM
system.

5.6.3

Baseline Measures

As long as aircrafts are concerned single and advanced display and diagnose systems
for atmospheric conditions will be common standard in commercial aircraft. But this
may not be the case for multi-hazard diagnose and response systems. The same is
expected in the field of ATM weather systems.
We expect that new structures of air traffic control systems will emerge when
implementing the Singe European Sky. But the full integration of advanced, real time
and high resolution weather information into highly interconnected ATM platforms will
only happen in case weather impacts further increase.
It can also be expected that new materials and design variants will enter the market
until 2050. In line with the above argumentation we expect e.g. nano structured
materials designed to ease the impact of ice and wind will only fully unfold when
climate change starts to get fully visible.

5.6.4

Assessment of 2050 measures

The assessment of the measures proposed above is in most cases difficult as in many
cases multiple impacts have to be considered. Moreover, for big systems costs are
often not available and in general the aircraft industry is, due to competitiveness
reasons, less transparent. For a selection of measures available cost and market
diffusion information is shown by Table 17.
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Table 17:
Technology

Background data for selected aircraft adaptation technologies
Protection
against

Risk reduction to
cost ratio

Comment

Rockwill Collins
WXR 2100

Thunderstorms

Very positive

Introduced in Boeing
aircrafts since 2005;
complete fleet equipped
until 2030

TAMDAR

All categories

Obviously positive

Standard in US;
contribution to aviation med
services

EVS

Fog, heavy rain,
snow storms

No information

Available at present,
potentially standard by
2030

AWD

Storm, wind
shares

No information

Current standard, but will
be further developed

WARP

Standard

Cost of Contract
$132 Mio.

LLWAS

Standard

On Board

On Ground

Source: Comilationi by Fraunhofer ISI, 2011

For the horizon 2050 we select three types of measures in the field of aircraft and ATM
technologies to adapt to weather extremes.
 Next generation ATFCM weather system: Under this heading we subsume all
high resolution, real time and inter-connected weather and ATFCM systems allowing
a flexible reaction of the system against external disturbance. It is assumed that the
transition from today‘s ATFCM system architecture involves high costs, but offers
high direct and indirect benefits on safety, punctuality and capacity.
 Autonomous on-board weather detection and reaction systems. The systems
would combine incident detection, intuitive visualisation and autonomous crises
management systems. Costs are assumed to be moderate, but direct and indirect
benefits are limited.
 Nano-structured aircraft materials. Current research concentrates on reduced ice
formation. Future materials could also address other types of extreme weather.
When being used for new aircrafts additional costs should be limited. Given that ice
and snow is one of the most costly impacts for aviation benefits are considered to be
high.
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Detailed assessments of these three measures are given in the standard reporting
forms in the annex.

5.7

Conclusions

The chapter has looked into advanced vehicle technologies and communication
systems in road, rail, waterborne and air transport.
In all modes technical
improvements and new materials at the vehicles are considered in combination with
large-scale information and communication system. 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. A significant prerequisite however, is to hasten
market penetration by public support of RTD and field testing.
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 on specific elements like bogies, exterior equipment, WC and
water supply, couplers, etc. The control of adverse weather situation can be widely
improved though a full implementation of the European Rail Traffic Management
System (ERTMS), for which low vehicle related costs meet considerable benefits.
Adaptation strategies in urban public transport systems are similar to those proposed
for inter-city passenger rail. 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 enlargement
of the vessel size, the use of lighter materials in ship building and the introduction of
telematic systems. An adaptation measure for low water levels consists in 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 depth. In
maritime transport smart communication technologies for abnormal events detection.
New ship design can further enhance ship navigation performance and safety.
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In aviation three types of adaptation strategies to various types of weather have been
identified: New nano-structured materials can help avoiding pre- and in-flight icing and
thus improve safety, costs environmental loads through deicing material and airport
capacity. Safety and capacity are also the main drivers of ground-based next
generation ATM systems connecting weather- aircraft- and ATM systems in real time.
These can be supported by autonomous on-board weatehr detection and avoidance
systems. While costs and impacts of on-board systems are moderate, both are
considerable for large-scale ATM system re-designs.
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6

Adapting System Operation

6.1

Scope and hot spots

Operational procedures need to react on problems encountered in infrastructure
availability and in fleet operation. Generally these are dedicated to a vide variety of
disruptions and thus not specific to any particular weather extreme. However, the
frequency of disruptions may put particular focus on dedicated regions or events. From
the introductory sections of the preceding Chapters one can derive the following hot
spots:
 Storms and consequent events primarily in coastal regions
 Hydrological events across all countries
 Winter-related phenomena primarily in Alpine regions, mid Europe and Scandinavia
 Droughts for inland navigation in mid Europe and
 Wild fires in Southern Europe including France.
The section covers operational procedures in road transport with focus on logistics and
supply chain management, rail, waterborne transport and aviation. Although it is
acknowledged that in particular in urban transport systems high-quality operational
response schemes are required to ensure safety and comfort of the usually high
number of commuters, time and budget restrictions called for omission of public
transport here.

6.2

Road system operation

Publications dealing explicitly with strategies of road transport undertakings to make
freight or passenger services more resilient against weather extremes are rare. Thus,
on the one hand we broaden the analysis by taking into account adaptation strategies
along entire supply chains. On the other hand we narrow down the scope in this
section to road and related intermodal freight transport.

6.2.1

Literature review

According to the spectrum of sources found through the literature review the section
starts with some considerations of supply chain risks. Subsequently cargo security in
road haulage, general supply chain security recommendations and company strategies
are reviewed.
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6.2.1.1

Supply Chain Risks

The World Economic Forum (WEF, 2008) highlights the high economic benefit of risk
reduction measures by citing US estimates from the building sector, where savings
exceed prevention costs by four times. Most vulnerable areas are cities, where it is
estimated that more than half of human casualties from earthquakes are the result of
unsafe infrastructure. For the largely public transport sector it is recommended to
overcome the disproportional impact of disasters on the industry. It is suggested that
agreements with private bus and other transport companies, for example, could help
ensure populations at risk are evacuated.
The logistics service sector lags far behind other branches in terms of researching
future opportunities and risks. A recent study in the field by the Supply Chain
Management Institute (von der Gracht et al., 2008) list the three major concerns of
logistics companies until 2025. These are energy supply, production costs and the
market position of development countries. From the 2008 perspective, past years‘
capacity problems and the discussions on CO2 emission cuts in all economic sectors
dominated the look into the future at that time. More recent studies (PwC, SMI 2011)
turn their attention towards terrorist and pirate attacks, estimating that in 2010 the
direct costs of terrorism to supply chains account for US$ 7 billion and US$ 12 billion.
The study emphasises the significance of important hubs or routes for entire regional
up to global logistics networks. The study estimates that a durable closure of one of the
critical US ports could entail US$ 100 to US$ 200 billion losses due to trade disruptions
and further indirect costs of US$ 300 billion to US$ 1.2 trillion. Figure 32 shows primary
and secondary sea routes that connect the major gateway regions. Many of the most
important sea routes pass certain chokepoints.
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Figure 32:

Supply chain risk map - terror threat conditions

Source: PwC, SMI (2011)

One of the most relevant sources to supply chain risk management are the
International Standard ISO 28000 and related documents (ISO 28001 and 28002). For
a spectrum of company internal and external risks, including natural environmental
events (storms, floods, etc.) which may render security measures and equipment
ineffective, the guideline proposes risk assessment and monitoring procedures for
small enterprises to multi-national companies. It states that risk management
procedures must comply with the overall company objectives and reflect the company‘s
risk spectrum and particularly highlights the importance of risk awareness. Figure 33
provides the details of supply chain security process as proposed by ISO 28001.
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Figure 33:

Graphical description of a supply chain security process

Source: ISO 28001

Handfield (2007) considers a wider spectrum of company risks, including internal and
external ones. Supply chain disruptions are quantified between eight and 10 percent of
shareholder value, or even more in terms of time sensitive environments. The
increasing trend to outsource operations to endangered areas such as the Caribbean
or South-East Asia and the companies‘ unpreparedness for crises management is a
major cause of vulnerability. For instance only 5% to 25% of FORTUNE 500
companies have contingency plans.
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Figure 34:

Supply chain risk areas

Source: Handfield (2007)

Companies have recognised the gap in supply chain resiliency opened by global just in
time delivery sequences. Marsh (2011) and IBM (2008) further add the increasing
importance of just in time, just in sequence and other lean processes, which have been
created to reduce production costs, to companies‘ risk spectrum. According to IBM
(2008) affected companies have reported on average, 14% increase in inventories,
11% increase in cost, and 7% decrease in sales in the year following the disruption.
Transportation is one of the most critical supply chain functions, for which the
consequences of large scale strikes provide illustrative examples.

6.2.1.2

Special logistics markets

Through interviews and literature review we have identified several specific logistics
markets, which deserve special attention on the case of disruptions:
 Heavy cargo lifts, e.g. for special machinery or construction elements (ISL/IFF
2010). Due to access restrictions to certain roads or at certain times disruptions
cause extremely high costs. Due to the use of highly specialised vehicles cooperation between different hauliers is not possible. Remaining options to adapt to
extreme situations are route and time table shifts, both of which will be costly as
heavy cargo hauls are usually restricted to appropriate, pre-selected paths and the
value of the cargo will require a minimisation of delays.
 The shipment of dangerous goods is regulated in the respective international
agreement issued by the UN Economic Commission for Europe for road (UNECE
2010), rail, air and maritime transport Besides specific provisions on packaging and
labelling of dangerous cargo the document also refers to the conditions of carriage,
loading, unloading and handling (Part 7). Transferred to the case of unexpected and
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extreme weather conditions hitting consignments of dangerous or high value goods
the following suggestions for adaptation can be derived.
 Ensure the use of structurally serviceable or weather-tight containers, i.e. vehicles,
tanks or loading units which are free from physical defects.
 Use particularly safe vehicles for improved stability under adverse environmental
conditions.
 Install appropriate temperature control systems depending on the temperature
margin of the goods and the duration of the haul. These shall include weather-proof
backup systems.
 Special provisions are established for dangerous bulk goods, which must not be
carried by standard bulk containers unless special exceptions apply. In these cases
restrictions concerning flaming are to be considered.
 Express delivery services constitute the most time sensitive cargo markets and are
thus particularly vulnerable to disruptions. Important features for secure delivery
chains should be online tracking, staff training and intermodal co-operations in the
emergency case.

6.2.1.3

Cargo security in road haulage

In its best practice guidelines on cargo securing in road transport (EC 2006) the
European Commission has developed a set of recommendations and procedures for
more safety in road transport. The report highlights 10 procedures which should
increase security in case of accidents, natural hazards or man-made threats.
1.

Before the vehicle is loaded, check that its load platform, bodywork and any load
securing equipment are in sound and serviceable condition.

2.

Secure the cargo in such a way that it cannot shove away, roll-over, wander
because of vibrations, fall off the vehicle or make the vehicle tip over.

3.

Determine the securing method(s) best adapted to the characteristics of the
cargo (locking, blocking, direct lashing, top-over lashing or combinations of
these).

4.

Check that the vehicle and blocking equipment manufacturers‘ recommendations
are adhered to.

5.

Check the cargo securing equipment is commensurate with the constraints it will
encounter during the journey. Emergency braking, strong cornering to avoid an
obstacle, bad road or weather conditions have to be considered as normal
circumstances likely to happen during a journey. The securing equipment must
be able to withstand these conditions.

6.

Each time cargo has been (un)loaded or redistributed, inspect the cargo an check
for overload and/or poorly balanced weight distribution before starting. Ensure
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that the cargo is distributed in such a way that the centre of gravity of the total
cargo lies as close as possible to the longitudinal axis and is kept as low as
possible: heavier goods under, lighter goods above.
7.

Check the cargo securing regularly, wherever possible, during the journey. The
first check should preferably be done after a few kilometres drive at a safe place
to stop. In addition the securing should also be checked after heavy braking or
another abnormal situation during driving.

8.

Wherever possible, use equipment which supports the cargo securing such
friction mats, walking boards, straps, edge beams, etc.

9.

Ensure that the securing arrangements do not damage the goods transported.

10.

Drive smoothly, i.e. adapt your speed to the circumstances so as to avoid quick
change of direction and heavy breaking. If you follow this advice, the forces
exerted by the cargo will remain low and you should not encounter any problems.

These recommendations should be common standard prior of and during each haul.
Translated to a scenario of increasing weather extremes they indicate that staff
education, loading, unloading and cargo inspection procedures, but also slow driving
may impose additional costs to hauliers.
The LOGSEC project is a research initiative lead by EFP (UK) and including the major
European shipping associations, funded under the 7th framework programme of the
European Commission. Main output of the project is a roadmap on future research
activities (LOGSEC, 2011). According to the document still much has to be done to
identify appropriate driver, vehicle and cargo security technologies and standards. The
research clusters mentioned are (1) Security awareness and risk management, (2)
Authentication, certification and data protection and (3) Physical transportation security
and cargo management. Acknowledging the high interdependency of the cluster areas,
the roadmap suggests a slight priority for area 2. In terms of natural hazards, however,
theme 1 (awareness and risk management) seems to be of highest importance.

6.2.1.4

Supply chain security strategies

With ISO 28001 (ISO 2007) the International Organisation for Standardisation (ISO)
has issued guidelines for establishing and documenting minimum security standards in
compliance with related national and international standards. The topics conveyed by
the document concern:
1.

Defining the portion of an international supply chain subject to establishing
security.

2.

Conducting of security assessments on that portion of the supply chain and
developing adequate countermeasures.
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3.

Developing and implementing a supply chain security plan.

4.

Training of security personnel in their security related duties.

PwC and SMI (2011) propose that market participants find the right combination of
preventive and reactive measures, taking into account likely as well as possible low
probability, high impact events. Measures discussed include secure infrastructures, the
real time tracking of shipments, security audits along the entire supply chain and the
fostering of human intelligence by training and education programmes. Although not
mentioned by the study, these procedures apply to more frequent and more intense
natural hazards too. In any case we can pre-conclude that the adaptation of supply
chains to climate change and natural hazards goes hand in hand with securing them to
man-made threats.
Recent literature on supply chain security provides the following elements to make
supply chains more resilient against disasters: share information and forecasts with
partners, online-tracking of shipments, keep stocks of low cost/high relevance articles
and include redundant structures in most vulnerable elements of the supply chain
(Warton School, 2006).
Another strategic option to make supply chains less vulnerable to weather extremes is
the creation of an additional transport mode. PwC (2011) propose underground
pipeline delivery systems after the example of the CARGO-CAP system currently
tested in Germany. On top of supply chain security aspects, these systems are
expected to bring about considerable co-benefits by reducing road capacity use, low
environmental and noise pollution and increased traffic safety. The high investment
costs for establishing the pipeline systems, however, would be counter-balanced by
low operating costs of the fully automated systems.
Supply chain security is a topic not only for private transporting or forwarding
companies, but also at the state level to safeguard international trade flows. The UK
Home Office promotes supply chain security through its trade strategy: Instruments
proposed include enhanced exchange of information, smart boxes, e-seals and the
track and trade of consignments (HM Revenue and Customs, 2005). The World
Customs Organisation (WCO) in its Safe Framework of Standards pronounces the
importance of capacity building including various aspects of customs administration.
Besides the vertical cooperation between state and companies or between companies
and their customers the horizontal cooperation between companies or transport modes
in the case of emergencies is frequently brought forward. Bakshi and Kleindorfer
(2007) show that co-operation is superior over competition to adapt to supply chain
risks by applying a non-cooperative game theory model.
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6.2.1.5

Company strategies for supply chain security

According to APEC (2006) public private co-operations for joint contingency planning
are a promising instrument to mitigate security threats. However, they may be critical in
terms of risk allocation and communication as the public and private side most
probably follow different objectives. Improving company relationships with customers is
e.g. followed by FedEx through their enhanced client relationships programme, mainly
building on trust.
Similar programmes on supply chain security are reported for PSA and SIEMENS
points on the incorporation of supply chain in key business plans of big companies.
Besides highlighting public-private sector co-operations, the business and security
consulting company UNISYS indicates that supply chain security strategies need to be
flexible as global supply chain (and risks) are dynamic in nature. Not all organisations
should rely too much on technology as there is no silver bullet for risk abatement;
technology is to be applied in tandem with good procedures, awareness and staff
training.
According to IBM assessments (IBM 2003) the elements of supply chain security
include a wide range of aspects, mostly dealing with sabotage, crime and accidents.
Out of these, physical security, education, incident reporting and crises management
appear to have the strongest links to natural hazards and weather extremes. The
complete list with these categories elaborated in more detail is given in turn.
 Risk Analysis
 Physical Security
 Periodic inspection
 Electronic security systems
 Access Control
 Personnel Security
 Education and Training Awareness
 Participation in security and awareness programmes; annual refreshment
 Incentive and reward systems for employees complying to security standards
 Use of press releases and bulletin boards
 Proper marking and documenting
 Random, unannounced security inspections
 Written and verifiable security procedures
 Procedural Security
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 Information Security
 Incident Reporting and Investigations
 Enablement/tracking
 Documentation Processing Security
 Trading Partner Security
 Conveyance Security
 Crisis Management and Disaster Recovery
 Emergency Plan that includes: Crisis Management Team (CMT), Emergency
Response personnel, Periodic updates and scenario testing
 Training Periodic Emergency Response personnel - ongoing
 Testing: Emergency Plan.
Handfield (2007) recommends that companies should consider the impacts of
globalisation and product/process complexity in their supply chain security strategies
and should define respective counter measures. Proposed are:
 Improved visibility to key supply chain nodes that can quickly detect disruptions.
 Well-positioned resources that enable quick short-term recovery plans.
 Long-term collaborative approaches to eliminate disruptions in the future.
The steps of action in case of supply chain disruptions suggested by Handfield (2007)
go along the following categories disruption recovery and supply chain redesign. As the
speed of response is crucial to successful recovery, the installation of detection
systems, the availability of effective response plans and possibly keeping extra stocks
or making available alternative sources of supply for critical products is recommended.
IBM (2008) formulates five steps for supply chain risk management. The model
distinguishes between three different degrees (basic, medium and advanced) of supply
chain risk management (SCRM) elements (Figure 35).
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Figure 35:

Supply Chain Risk Management Maturity Model - Moving up the
maturity continuum of Supply Chain Risk Management can help
companies to improve financial return

Source: IBM (2008)

In a more general work, McKinnon and Kreie (2010) have identified five key areas on
which the new field of adaptive logistics could concentrate on. This non-exclusive set of
research fields contains:
1.

Responses to direct environmental impacts
(1a): Assessments of the impact of climate change on transport
(1b): Assessments of the exposure of supply chains to climate change risks

2.

Responses to indirect environmental impacts

3.

Effects of climate change mitigation measures on logistics
(3a): Analysis of the impact of economy-wide decarbonisation programmes on
logistical systems and supply chains
(3b): Exploring the logistical implications of the geo-engineering options that may
be required to rescue mankind from runaway climate change

The paper confirms the difficulty associated with identifying risks and adaptation
strategies in the sector mainly due to the great uncertainty of projecting climate change
and – in particular – weather extremes.

6.2.2

Interviews and Workshop 3

In the course of the study interviews have been carried out with the major German
logistics associations. This is the federal association for logistics (BVL) and the
German Forwarding and Logistics Association (DSLV). The main results are that
weather extremes are a general topic for the sector which only deserve special
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attention for extremely sensitive shipments. These are heavy and dangerous goods as
well as intermodal transport chains. Main issues of concern here are clear guidance,
education and communication rather than the use of new technologies. Nevertheless,
the use of advanced safety technologies, such as driver assistance and tracking
systems, are acknowledged. Concerning company and intermodal co-operations the
interview partners have responded rather cautiously.
The main contribution to Workshop 3 of the WEATHER project on logistics operations
came from Feliks Mackenthun of ISL, Bremen, on the Project ―Northwest 2050‖. Based
on interviews and a supply chain analysis it is found that more than 90% of logistics
companies did not notice any influence on their business though climate change
despite the logistic cluster is partly affected by increase of storms, rise in sea-levels,
higher wind speed, extreme heavy precipitation and increase in heat waves. However,
measures have been realised in different areas: building-related, resource-related,
vehicle-related, organisational as well as employee-related. Moreover the cluster
already realises many measures according to climate protection (mitigation).
But in discussions in the workshop it was found that in particular the global forwarding
of goods is particularly vulnerable to extreme weather events and that weather impacts
on logistics are a major issue for the regional level. The workshop participants have
assessed the following measures concerned with commercial road transport and
logistics operations:
 New packing equipment (foils, covers): Weather-resistance of cargo. Low to medium
costs, available in short-run.
 Considering partnerships/global view: New measure (also between different
actors/stakeholders/BUT cooperation with other modes not popular/rather seen as
competitors); integrated international approach to address potential system-wide
impacts.
 Heavier constructed warehouses: Facility management of shippers and forwarders;
indirectly linked to transport.
 Increase intermodal flexibility: In order to react on closed connections.
 Changes of design of routes/mix fleet: already standard with airlines and big
logistics companies; requires sophisticated operation supervision tools.

6.2.3

Identification of baseline measures

Out of the elaborations in the previous sections we extract those measures which we
expect to be relevant for easing the impacts of weather extremes on road transport and
logistics, but which will most likely be common practice in the coming decades.
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Parts of the candidate measures have strong competitive impacts and thus concern
medium- to long term strategic considerations of transport undertakings. The
judgement whether these will be common standard in 2050 thus depends on the
market development assumed. APEC (2006) propose
 (1) Integration: interconnectivity increases exponentially with technology and due to
growth of knowledge and improved governance.
 (2) Fragmentation: breakdown of shared consensus of major economic powers.
Considering the scarcity of natural resources and the presumably difficult public
funding conditions in the western countries until the mid of the century we tend more
towards the fragmented scenario. This implies no major co-operations between
companies or between state, undertakings and their customers. Consequently all
related measures are considered as additional ones, which have to be enforced with
the major objective to maintain the functionality of supply chains in the case of natural
hazards or other disruptions.
Although very important for today‘s discussion on supply chain security we do not pay
special attention to the possibly rising risk of man-made hazards, such as terrorist
attacks or piracy. Implicitly we consider these threats jointly with natural catastrophes
and thus define the baseline scenario as a world of increasing economic pressure but
with a stable probability of transport disruption risks.
Table 18 presents the baseline road transport and supply chain security measures,
which are assumed to be in place due to other reasons than changing weather patterns
until 2050.
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Table 18:

Operative adaptation in road haulage and SCM - baseline measures

Measure

Comment

Relevant
events

Benefit/costs

Available
from

Advanced packing
standards and
equipments

Including checking
procedures

Winter,
storm

++

Now

Flexible route design

Advanced operative
planning procedures

Virtually
all

+

Common
practice

Advanced
communication
technology

Instant warnings and
disposal

All

++

Further
improvement

Tracking and tracing
of consignments

Online observation of
cargo & its condition

All

++

Further
improvement

Symbols: ―++‖: high benefit cost ratio; ―+‖: moderate benefit cost ratio; ―0‖: positive benefit cost
ratio in specific cases; SCM: supply chain management, PPP: public private partnership, B2C:
business to consumer; EM: emergency management.
Source: Fraunhofer ISI, 2011

6.2.4

Assessment of suitable adaptation measures

Additional measures for supply chain security which could be identified from literature,
interviews and workshops concern preparedness, education and co-operation. Their
implementation is considered difficult under highly competitive market conditions and
thus will only be followed by the undertakings in case the change of climate and
weather patterns is recognised with sufficient certainty. Table 19 lists the measures
and the subsequent paragraphs provide a brief assessment.
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Table 19:

Operative adaptation in road haulage and SCM - additional measures

Measure

Comment

Relevant
events

Benefitcost-ratio

Available
from

Education and training

Drivers, etc.: reaction in
crises situations

All

++

EM plan
required

Contingency planning

Guidelines on reaction
patterns and responsibilities

Sudden
events

++

Fleet management

Holding higher stock of
alternative vehicles

All/sudden
events

+

Now

Warehousing strategies

Holding higher stock of
alternative vehicles

All/long
run events

+

Now

Horizontal co-operation
of companies

Including intermodal cooperations

All

++

increasing
intensity

Vertical cooperation of
actors

Incl. PPP and B2C cooperations

All

+

increasing
intensity

Symbols: ―++‖: high benefit cost ratio; ―+‖: moderate benefit cost ratio; ―0‖: positive benefit cost
ratio in specific cases; SCM: supply chain management, PPP: public private partnership, B2C:
business to consumer; EM: emergency management
Source: Fraunhofer ISI, 2011

Contingency plans
Operative measures need to be planned and prepared. This requires a thorough
analysis of supply chains, critical processes in these, external risk factors,
communication structures and recovery capabilities inside the firm. Based on past
experiences and best practice reports from competitors or other branches contingency
plans including these elements need to be established and periodically reviewed.
As most information shall be available in the company, the costs should be moderate.
As, together with staff education, contingency plans are the basis for the successful
management of crisis situations, the benefits are considered high.
Education and training
The skills of people are the key to a successful operation under difficult environmental
conditions. Thus, training programmes on all levels of a company as well as in related
public entities are essential. Of utmost important is to appoint responsibilities and
duties to key personnel in the case of an extreme event.
The benefits of training measures are stated to be high, but the costs are considerable.
This is because training programmes have to be refreshed periodically and have to be
re-established for all new staff members and in case the conditions inside the company
or of external threats change.
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Fleet management
By an active fleet management a sufficiently large and diversified stock of vehicles is
provided such that under emergency conditions damaged or blocked vehicles can be
replaced or unavailable connections can be served from different locations. This
involves additional investments and vehicle wear and tear costs. The direct benefit on
crises management is expected to be limited. Horizontal co-operations with other
undertakings may fulfil this task with less costs and higher side benefits.
Warehousing strategies
Increasing stocks of products or fuels to be less dependent on just in time or just in
sequence strategies is frequently discussed in supply chain literature. In the case of
more disruptions of supply chains lean production models may no longer work, but this
strongly depends on regional and sector conditions.
Although we must constitute that warehousing strategies and production models are
instruments of the forwarding rather than of the production sector we take this measure
on board due to its high relevance for transportation. We assume that high benefits in
the case of crises go along with moderate costs.
Horizontal co-operation
The primary motivation for co-operations between road logistics companies are cost
savings, but may also be the joined development of innovative production structures or
technologies. As concerns the resilience towards natural hazards the horizontal cooperation of logistics providers can be regarded twofold:
 More efficient information exchange and the mutual support of partners in case of
unexpected events certainly helps getting through emergency situations and to
maintain overall service quality.
 The joined use of physical resources, e.g. the pooling of office, fleet park or
warehouse locations, may increase the vulnerability in case the accessibility or
functionality of this unified facility is affected.
We can well assume that the positive impacts are stonger than the related costs, as
these coincide with the entrepreneurial objectives driving the co-operation. The
potential for risk reduction is considered only moderate as, even when facilities are
kept separate, the co-operating undertakings are most likely located in the same region
and/or serve the same customers, and are thus most likely simultaneously affected by
particular hazards. Naturally, the costs of the measures are low and side benefits are
positive as the main goal of the measure is reducing costs or improving the
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competitiveness of the co-operation partners. Barriers may appear on the domains of
organising the coordination and in motivation (Voss and Wallenburg, 2008).
Vertical co-operations
Here we mainly talk about public-private partnerships (PPPs) between public bodies
and transport or logistics undertakings. These might have great impacts on utilising
forces to support the general public, for health care, etc. While the social benefits in
crises situations are most probably high, the model bears the risk of considerable
administrative costs and of diffuse allocations of risks and responsibilities.

6.3

Rail system organisation

6.3.1

Literature review

A comprehensive review on climate adaptation measures and the railway sector is
carried out in Lindgren et al. (2009). The report stresses that there is a wide array of
adaptation options are available in the railway sector, e.g. technological, behavioural,
managerial. A number of different actors could be involved in adaptation, from private
households to firms and authorities. There are barriers, limits and costs to adaptation
measures. When it comes to the specific case of railway systems in international
experiences, the reports focus on some investigations dealing with the focus on
incidents and extreme weather events:
 Network Rail, which manages the U.K. rail infrastructure, has recognised both
climate change impacts and the need for adaptation as issues that will affect the
performance and management costs for their infrastructure (Network Rail, 2007). In
an inventory of existing adaptation measures within the U.K. railway sector, made
within the Defra-funded project ‗Linking adaptation research and practice‘, 22
adaptation measures are found. Three of these are classified as planned adaptation
as a response to climate change, while the rest are aimed at building adaptation
capacity (Tompkins et al., 2005). In addition, the railway in the Dawlish area of
Devon in south-west England is used in the development of a general methodology
for assessment of climate change impacts on the safety and performance of the
railway coastal and estuarine defence assets (RSSB, 2008).
 In the Netherlands, with its high density of rail infrastructure in low-lying coastal
zones, adaptation to coastal flooding and sea-level rise is a major concern (Nillesen
and van Ierland, 2006). In the Kampen/IJsseldelta region, the new Hanzelijn railway
connection, planned to be operational from 2012, is part of the ‗climate-proof‘ spatial
planning programme for the entire region (Van Drunen, 2007).
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On the international, extra European side, the Committee on Climate Change and U.S.
Transportation, National Research Council (2009) updated the analysis carried out in
2002. The report was intended to help illuminate the nature of the potential impacts of
climate change of greatest relevance for U.S. transportation and to suggest appropriate
adaptation strategies and organizational responses, including the rail sector.
The UIC ARISCC project, ―Adaptation of Railway Infrastructure to Climate Change‖
(2011) provides a literature review on adaptation measures for the railway sector. The
final report of the project quotes the framework of the first phase of the project
Tomorrow's Railway and Climate Change Adaptation (TRaCCA) RSSB, which has
investigated the most relevant weather and climate related factors and their impact on
railway infrastructure assets. This screening process has involved seven workshops
with the participation of railway asset management specialists from Network Rail from
the Engineering, Operations and Maintenance departments of Network Rail as well as
experts from ATOC.
In general, the literature review focuses on organizational factors, e.g. improving
capacity, developing integrated strategies for weather forecasts and emergency
planning, as important component of adaptation measures.
The AEA Technology Report (2003) focused on measures aiming at fostering
interdisciplinary inputs from a range of organisations both within and outside the
railway industry and coordination of existing and new research projects. Among the
priority areas suggested:
 To identify the current status of knowledge concerning climate change impacts on
railway safety and gaps in that knowledge;
 To define what work is required to fill those gaps;
 To specify what work is needed to determine how the railway industry should
respond to the threats associated with climate change.
A bundle of organizational measures (planning for adaptation regulation and
governance, information and learning) is also reviewed in The Royal Academy of
Engineering (2011). The review addresses transport in general, with focuses to specific
transport modes for the UK.
The Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ), 2009, provides an
extensive literature review on adaptation measures and synergies between mitigation
measures at urban level (public transport, metro, etc),. The report addresses al
transport modes, with focuses on specific transport modes. A specific overview on the
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London case, including metro and public transport, is in Greater London Authority
(2005).

6.3.2

Interviews and Workshop 3

The WEATHER Workshop 3 held on May 20th in Rotterdam has provided several
insights about the climate change adaptation measures addressing the rail system
organization. In particular, the first out of the two parallel afternoon sessions discussed
infrastructure-related issues, with a dedicated session on Infrastructures and Planning.
Two issues of adapting transport to the consequences of weather extremes and
climate change have been relevant for the railway system organization.
Firstly, with reference to the UK, the Paul Arnold‘s presentation on UK Railways21 and
weather phenomena pointed out that the recent winters have highlighted the
requirement to improve communications amongst relevant partners within Europe. For
a proper preparedness for winter and other weather extremes, a Europe-wide
coordination of communication structures, as currently brought forward by a UIC
Recommendation, would be of utmost importance. The author has stressed that this
recommendation will be pursued via the creation of RAILMET Severe Weather Incident
Management & Communications to the Rail Industry.
Secondly, with reference to the contributions to the discussion, it has been stressed
that organisational measures addressing the railway system must not be forgotten
when drafting adaptation strategies. It is considered of high important giving
appropriate incentives to stakeholders to apply and maintain adaptation measures.
Target groups to address in such a context are policymakers, users and facility owners,
managers and operators.
More specifically, the Workshop experts suggested and discussed a set of adaptation
measures. For the railway sector, the following measures addressing the system
organization are the following:

21

Available at :
2011.php

http://www.weather-project.eu/weather/inhalte/adaptation-workshop-may-
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Table 20:

Rail system adaptation measures suggested in Workshop 3

Measure

Hot spots

Comments

Alarm and monitoring systems

Winter,
storms

The measures include vulnerability and
risks map Source: Veitch slide22

Network investment as
systematic approach/
scheduled investment

Rain,
floods and
mass
movements

Incl. modal and multimodal
redundancy and elaborating a
transport master plan,

Good infrastructure
management

Winter

Most important measure, because
extreme conditions may be partly
normal by 2050

Source: WEATHER Workshop 3, 2011

In terms of evaluation, the following table summarises the expert‘s opinions for a
sample of measures addressing the network planning in general.
Table 21:

The third WEATHER Workshop: evaluation of railway system
organization measures

Measure

Potential
of risk
reduction

Feasibiity

Flexibility

Ecological/
Societal
impacts

Range of
costs

More efficient
infrastructure use
+ Intelligent
Transport
Systems

1-3

1-3

0-3

+1

1-3

Source: WEATHER Workshop 3, 2011

The values assigned23 suggest that the use of ICT solutions are considered to
determine a good potential of risk reduction, accompanied by a low flexibility and
medium level of feasibility. Costs could be significant.

22

Available at :
2011.php

http://www.weather-project.eu/weather/inhalte/adaptation-workshop-may-

23 Risk reduction: (0=no risk reduction, 3=very good risk reduction)

Feasibility: (0= no feasibility / high resistance, 3= very good feasibility)
Flexibility: (0=no flexibility, 3=high flexibility)
Wider Impact: measure (-3=very negative impacts, +3=very positive impacts)
Range of costs: (in share of respective life cycle costs: 0=<1%, 1=2% - 10%, 2= 11% - 25%,
3=26 – 50%, 4=51 – 100%, 5=>100%)

169

WEATHER D4: Adaptation Strategies

6.3.3

Identification of baseline measures

The UIC Winter and Railway study24 and in particular Ulla Juntti (2010), has provided
an overview of adaptation measures involving the organization of railways operations.
It is stressed as general background conditions, that in the rail sector there is a lack of
core responsibility for monitoring the quality of train services. Such responsibility entails
the need to develop a common quality for the sector. There is also a lack of financial
incentives and models for interaction, i.e. how to develop the railway system in
cooperation.
As ac consequence, the following measures have been identified:
 Create a neutral cooperation (partnering) platform for development of the winter
performance ability of railway infrastructure.
 Improve the information to the customers is provided via:
 Websites
 Loudspeaker announcements
 Monitors/screens at stations/platform signs
 Conductors.
In terms of the identification of the relevant barriers, the following areas have been
identified:
 Lack of information.
 Overloaded information flow may cause the system to collapse and resulting in
problems in providing the customers (passengers, companies sending freight) with
information.
 The absence of ICT-plans for emergency situations.
 Shortcomings in decision-making and the information chain; crew - the operator's
traffic office - traffic.
In conclusions, as far as the organization of rail transport system is concerned, the
following recommendations (adaptation measures) are suggested:
 The winter performance ability of infrastructure is highly dependent on the basic
design of the assets, on the winter equipment, the vehicles and equipment for snow
removal, and the personnel engaged in inspection and snow clearance.

24 The following Infrastructure managers are involved in the project: Deutsche Bahn, Germany,

VR Track, Finland, ProRail, the Netherland, Trafikverket, Sweden, Network Rail, the United
Kingdom, Jernbaneverket, Norway and Banedanmark, Denmark
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 The identification of traffic flows must be carried out in areas where the lack of
capacity is great.
 Better preparedness for harsh conditions needs to be achieved, supported by a
strategy for allocating resources in an optimal way during harsh conditions.
 An important prerequisite for making the contingency plan work is the availability
of skilled, knowledgeable and experienced personnel.
 One area of improvement is education and training to enhance the technical skill
and winter performance ability.
 The maintenance also needs to be upgraded and made visible in the train
schedule work; i.e. snow removal and failure repair should be prioritised before
train operation.
The importance of information and communication among stakeholders is depicted as
follows:
Figure 36:

Schematic representation of stakeholder communication in the rail
system

Source: Ulla Juntti (2010)

The Royal Academy of Engineering (2011) report also stresses the importance of:
 To design of standards and operating practices incorporating adaptation into
business-as-usual maintenance routines; adapt to changing climate over the lifetime
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and replacement cycle of assets, e.g. road surfaces and rail tracks. Adaptation
measures should be incorporated into the routine maintenance processes and the
lifecycle replacement of assets. Some major infrastructure may require significant
investment to meet adaptation.
 To assess appropriately risks and related investments. Currently the ‗risk‘ of
overinvestment in unnecessary resilience is seen as greater than the risk of failure.
In such a context, a risk/reward profile will be needed to assess an acceptable level
of disruption and it may be necessary to accept increases in journey times in order
to increase reliability. It is stressed that the franchise cycle of the railways may be
inconsistent with the long term planning and investment needed for climate change
adaptation.
 To communicate with passengers/consumers and other transport agencies will be a
key adaptation strategy. It is important to understand how passenger and or
consumer behaviour might change in relation to climate change.
At urban level, the Transport for London authority (Greater London Authority (2005)
has the challenge of operating and sustaining an integrated transport system (bus,
underground, tram, light rail over ground, river, traffic management), and has
responsibility for promoting both cycling and walking. The TfL operations are vulnerable
to a range of hazards including flooding, drought, over-heating, air quality (a legal
requirement), subsidence and ground heave and wind storms.
TfL has developed a number of adaptation mechanisms including detailed risk
assessments and adaptation costing, securing road drainage, changing infrastructure
specifications (bus design, tube, Crossrail), and installing ground water pumping. It has
integrated adaptation into its business continuity planning and the ongoing
maintenance and replacement of assets. TfL recognises communication with
customers, employers and employees and between transport services is essential, as
stressed in Matthew Webb (2010):
 Increased level of understanding of the interdependencies
 Develop protocol of communication
 Asset & Business planning
 Feedback loop within asset/business plans to trigger work once climate threshold
reached.
 Funding impact on long term ability to manage impacts of climate change. Agree
how we measure for the impact of climate change on LU.
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6.3.4

Assessment of suitable adaptation measures

The assessment of the suitable adaptation measures, i.e. reporting their costs, benefits
and applicability, is conditioned by the availability of the relevant data.
Concerning urban rail network, climate change poses two major risks for London‘s
underground network: Overheating and Flooding. The London Underground is the
oldest underground railway in the world and a vital part of the city‘s public transport
network. Its ventilation system, based on fans and draft relief shafts, is already
inadequate today and temperatures on the trains can reach 40 °C on hot summer days.
These extremes are very likely to occur more often with increasing outside
temperatures. Overcrowding of the Underground further contributes to thermal
discomfort, especially on the trains. Apart from climate change, improving the capacity
of the Underground through more frequent trains and related acceleration and braking
also contributes to yet higher temperatures if no counter measures are taken.
Increasing discomfort on the underground trains could lead to a decline in
attractiveness of the London Underground and could cause users to switch to other
transport modes, such as buses (increasing the pressure on an already very busy road
transport) or even air conditioned cars (resulting in more fuel use and greenhouse gas
emissions).
So, several measures have been taken to improve passenger transport:
 Audit of fan and ventilation capacity and identification of additional ventilation and
cooling needs;
 Design of local ventilation installations;
 Purchase of new air-cooled trains.
Further recommendations include:
 Detailed, strategic monitoring programme of temperature and humidity in the in
stations and inside trains;
 Further research to examine the behaviour of passengers in response to higher
temperatures and identify potential risks and thresholds, where a change in
transport mode, e.g. to buses, may be triggered;
 Establish costs and benefits of adaptation measures, such as air conditioning.
The London underground is also vulnerable to flooding. Between 1992 and 2003, over
1,200 flooding incidents and 200 station closures were recorded by London
Underground Limited. A total of 75 stations are at risk from flooding by the Thames and
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its tributaries. With intense rainfalls expected to increase flood risk will get worse with
climate change.
Response measures include flood mapping and physical barriers at high-risk stations.
Further measures to reduce flood risk will need to be implemented and could include
source control, e.g. through green roofs or permeable pavements, flood storage and
improved drainage.
Annex B provides an assessment of the above mitigation measures.
Concerning the national railways system, the adaptation of the railways system to
climate change episodes has been evaluated (see Annex B.2.2 for details) for Swedish
and Finnish cases. The adaptation strategy to the winter episodes addressing rail
operations and infrastructure include the following areas:
 Damaged vehicles stored on sidings
 Extra safety inspection steals capacity
 Snow and ice collected on trains
 Maintenance on vehicles
 No place to store the snow
 Infrastructure not designed for maintenance
 Maintenance planning not prioritized.
In terms of potential benefits arising from the above measures, it has been stressed
that great benefits could be gained from cross-border cooperation, e.g. benchmarking,
finding common problem areas, learning from best practice, and participating in
common development and innovation projects. It is believed that a closer collaboration
between the Infrastructure managers, suppliers, contractors and researchers should be
established, in order to find new innovative solutions improving the rail operations.

6.4

Waterborne system operation

6.4.1

Adaptation measures regarding system operations in
inland shipping

Adaptation measures concerning the operations in inland shipping include operations
with more vessels, low-water surcharges and a shift to land-based modes, as a
response particularly to dry periods.
Drought:
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Operation with more vessels
Reduced waterway depths lead to a decrease of the loading capacity of the vessels;
there is less transport capacity available since vessels cannot be loaded to their
maximum; therefore more vessels are necessary to transport the same amount of
cargo.
Low-water surcharges
This surcharge comes into effect when the water level for example in Ruhrort is 2,70m
or less; costs per offer are e.g. 2,70 – 2,51m: 12 EUR per loaded TEU; 2,50 – 2,21 m;
25 EUR/TEU etc. (DIT - Duisburg Intermodal Terminal (2011).
Shift to land-based modes
Low water levels have a negative impact on the competitiveness of inland navigation,
due to reduced draught and payload of the vessel.
In the case of an enduring or frequent EWE, cargo owners may switch to competing
modes, road and rail. The relationship between water levels, corresponding maximum
draught of a vessel and competitiveness compared to road transport is shown in the
calculations below.
Table 22:

Comparison competitiveness IWW – Road depending on the fairway
depth

Source: via Donau (2007)

In can be concluded that reduced waterway depths have a negative influence on
profitability and competitiveness of inland navigation. In this example, depths lower
than 2.5 m make IWT unattractive compared to truck transport.
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6.4.2

Adaptation measures regarding system operations in
maritime shipping

The literature mentions 3 major adaptation measures related to maritime system
operation:
 possible modal shift to less vulnerable transport modes
 possible redistribution of navigation routes due to opening of ice-free arctic routes
(particularly for transportation of goods between Far East Asia/North America and
continental Europe)
 take into account the costs of more frequent closure of access to the ports (access
to Rotterdam port in particular) and prepare for service delays and cancelations.
The possible modal shift to less vulnerable transport modes can happen under the
following circumstances. For instance, extreme weather events, such as intense storms
and storm surges, could disrupt services in ports, challenge sailing conditions and
potentially pose hazards to navigation, ship, cargo, crew and the environment. Difficult
sailing conditions could therefore lead to a modal shift – when technically feasible and
economically viable – if other modes are deemed less vulnerable to weather
conditions. This may entail further implications for infrastructure investments, fuel
consumption and GHG emissions, as well as transport efficiency and trade facilitation.
The changing climate can stimulate the redistribution of navigation routes. For
example, the rising temperature and melting Arctic ice could open some new
opportunities for shipping in the Arctic. Although existing trade lanes are likely to
continue serving the bulk of international trade, new trade may emerge with some
existing trade being diverted towards northern routes (UN Trade and Development
Board, Multi-year expert meeting on transport and trade facilitation, Geneva 2009). By
2080, the ice-free season of the Northern Sea Route (NSR) could increase by up to 80
days per year. A fully operating NSR would reduce the sailing distance between
Rotterdam and Yokohama via the Suez Canal by more than 40 per cent. This would
impact on seagoing trade, fuel consumption and GHG emissions, fuel costs and freight
rates. It would also entail some implications for ship order books (i.e. ice-class ships),
icebreaking services and associated fees.
In the summer of 2007, according to the European Space Agency (ESA), satellite
images showed that sea ice in the North-west Passage (NWP) had shrunk to its lowest
level since satellite measurements began in 1978. Many experts expect the Arctic to be
ice free before the date projected by the IPCC (i.e. mid-2070). While one recent study
concluded that the Arctic would be ice free in the summer as early as 2013, recent
satellite images show that “Open water now stretches all the way round the Arctic,
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making it possible for the first time in human history to circumnavigate the North Pole”.
(UN Trade and Development Board, Multi-year expert meeting on transport and trade
facilitation, Geneva 2009)
Furthermore, the maritime sector should prepare for more often delays, cancellation of
services and closure of ports due to increasing occurrence and severity of the extreme
weather events. For example, the calculations for the port of Rotterdam show that a
rise of sea level up to 60 centimeter would result in a closure frequency of once every
year, which will be probably acceptable to the Port of Rotterdam and the shipping
industry in general. However a rise of sea level to 1.30 meter in the Northern Sea
would lead to closing frequency of 30 times every winter, if the current closing regime
of the Europoort barrier will be maintained for the Europoort barriers and the new
barriers. This would lead to an unreliable shipping connection to the hinterland and
unacceptable financial damage to the shipping sector (see Figure 7). (Afsluitbaar Open
Rijmond, TU Delft, 2010).
Figure 37:

Shipping routes and waterways in the Rijn-Maasmond delta

Source: TU Delft, 2010

If blocked by the Maeslant barrier, the damage to the shipping industry would be, when
it would not be able to operate for one entire day, up to 1.8 million euros for the inland
shipping and 0.75 million euros for sea shipping (if calculated in 2007 prices). In 2050
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the costs for the maritime shipping would remain similar, however for the inland
shipping the cost would increase by almost 50%. This sets the total amount of the
damage when closing the port of Rotterdam for 24 hours, to over 3 million euro (at
current prices).
To sum up, adaptation measures for the maritime transport system operation would
bear the costs of delays and cancelations of services as well as to modal shift to less
vulnerably modes, if any. On the other hand, adaptation might capitalize on opening
new opportunities for navigation in the Arctic, due to changing climate.

6.4.3

Identification of baseline measures

This section investigates which changes in the operation of inland waterway and
maritime shipping technology are likely to occur by 2050 independent of the impact of
climate change. A general measure from a logistics perspective concerns information
management, such as a wider use of the river information services (RIS). RIS is a
traffic management system which enhances the electronic data transfer between the
barges and the shore. Furthermore there is the trend that ships are double-manned.
This increases the efficiency because the ships can sail round the clock. In times of low
water levels more capacity will be needed. The need for more vessels will be covered
either by a growth in the charter market (short term contracts) or larger fleets.

6.5

Aviation and air traffic control

6.5.1

Air Transport System Operations

This section deals with the operations of aircrafts en route and on the ground by
airlines, air traffic control and airports. In the case of airports the analysis is restricted to
activities servicing aircrafts, i.e. de-icing, passenger and cargo handling. Infrastructure
related operations such as snow removal or wear and tear of airport facilities are
excluded.

6.5.2

Literature review

Acknowledging the vulnerability of air transport to disruptions, in particular to volcanic
ash and icing, the European Commission has launched the project WEZARD (CSA-SA
WEather haZARDs for Aeronautics) under the 7th RTD framework programme. The
project is lead by Airbus in cooperation with Boeing and other industry partners,
following the objective to define and coordinate the actions of research related to
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weather hazards with the aim to increase the robustness of the air transport system
(Dezitter 2011).
In this section we can neither anticipate the project results, nor can we dive into
aviation and ATM operating processes very deeply. The following paragraphs thus only
provide a rough overview of the options discussed by the industry and research to
address the threats caused by weather extremes to the system.

6.5.2.1

Monitoring air traffic safety

Improving, or at least maintaining, safety levels in air travel represents the highest
priority to airlines and air navigation services. This is mainly due to the extreme
consequences single incidents most likely entail in commercial aviation. Air traffic is a
complex system involving a complicated, interlinking distributed network of human
operators, procedures and technical/technological systems, making the provision of
high safety standards challenging (Netiasov and Janic, 2008). The US Federal Aviation
Administration and EUROCONTROL thus propose a seven stage procedure for
assessing safety in commercial aviation (FAA and EUROCONTROL 2007 Figure 38
and Everdij et all, 2011).
Figure 38:

Seven stage air safety assessment procedure

Source: FAA, Eurocontrol (2007)

6.5.2.2

Human error detection systems

With reference to Boeing assessments Netiasov and Janic (2008) state that human
error is the most frequent source of accidents in civil aviation. Shorrok and Kirvan
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(2002) identify the constantly growing work load of air traffic controllers and pilots,
which amplifies the probability of human errors. They propose the standard application
of Human Error Identification techniques, such as the TRACER system, i.e. the human
error identification system adapted to ATC, used by UK air traffic control across
Europe. The three major phases of the assessment: (I) context, (II) failure propagation
and (III) recovery process help to find suitable solutions for different kinds and origins
of human failure (EUROCONTROL 2010, 2011 and SKYbray 2011).
The consequent application of sophisticated human error identification systems in ATC
as well as by airports and airlines has the potential to significantly reduce risks in
unexpected and adverse flight conditions, including weather extremes. But they require
costs for specifically trained staff and the consultation and training of flight, ATC and
ground personnel. Although we assume these systems to be of common standard in
2050, the level of costs will rise with the intensity of unusual flight conditions.
New data collected among US pilots by an exploratory study suggest that the risk
perception and the preparedness for applying reaction strategies when encountering
adverse weather conditions very much differs among pilots (Hunter et al., 2011). More
regular briefing of the pilots by weather managers and more sophisticated diagnosis
and support technologies could well help to reduce weather inflicted incidents in
aviation.

6.5.2.3

Severe weather avoidance models

NASA and MIT have developed a convective weather avoidance model visualising 3D
weather areas to be detoured by pilots. Additionally pilots can receive so-called
SIGMETs (significant meteorological phenomena), information on weather phenomena
with the potential to impact safety or aircraft operations, to improve the prediction of
potential sector overloads. The measure is currently in test phase, preparing pilots for
its use in flight simulators. Problematic seems to the current state of detecting
respective weather extremes for feeding the system with sufficiently reliable
information.
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Figure 39:

3D weather warning system

Source: EUROCONTROL

Simulations so far have led to the following procedure:
 Alarming the network improves the recognition and reactions to weather extremes.
 Weather detection should begin only one day before flight times and be fed into
ATM planning routines.
 Strategies and options are to be coordinated and planned together with network
actors one day in advance.
 En-route regulation should be initiated not earlier than 3 to 4 hours before flight time.
 When enclosing weather extremes into administrative processes these should be
made more effective in order to avoid the repetition of procedures.

6.5.2.4

Free flight/CD&R System

The Free Flight system is designed to make better use of airspace and thus to avoid
delays and entailed costs for airlines. It is described as a safe and efficient flight
operating system under instrument flight regulation allowing the pilot to freely chose its
path and speed. The objective is to provide more flexibility to the ATM system and its
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operators and in the same time to increase safety and capacity. A core element is that
the pilot now partly gets responsibility for aircraft distances and that the formerly
centralised ATM system becomes a distributed one. The pilot is supported by specific
communication, navigation and supervision devices; as well as by a Conflict Detection
and Resolution (CD&R) System.
One of such systems is the Airborne Separation Assurance System (ASAS). This
informs the pilot 6 minutes in advance of potential conflicts and proposes manoeuvres
for its avoidance. Problems can occur in case both aircraft crews wait for the
manoeuvres of the other plane. It is further questioned, whether or not the stress to
pilots for pilots and air traffic controllers is not increased. Tests reveal, that the load of
controllers increases slightly, but remains in an acceptable range. The capacity
increasing effect of decentralised systems like Free Flight was revealed by the INTENT
project.
Using detailed FAA flight movement data McCrea at al. (2008) test a probabilistic
framework for weather-based rerouting and delay estimations within an Airspace
Planning model. They show that, with respect to the delays avoided, the pre-flight
consideration of severe weather conditions is superior to sticking to a fixed strategic
flight plan and to resolve weather problems en-route. The method proposed includes a
procedure for estimating the economic benefits of applying the system for airlines, ATM
and passengers.

6.5.2.5

Strategic programmes

In 1997 the US Whitehouse Commission on Aviation Safety called for an 80%
reduction of fatal aviation accidents by 2007. Given that 25% of air accidents are
weather-inflicted, a national aviation weather programme was issued (OFCM 1999).
The following domains are considered: Ceiling and Visibility, Convective Hazards, En
Route Winds and Temperatures, Ground Deicing, In-flight Icing, Terminal Winds and
Temperatures, Turbulence, Volcanic Ash and Other Airborne and Hazardous Materials.
For the most promising 82 measures to reduce weather-inflicted fatalities benefit-cost
analyses have been carried out. These measures can be classified as follows:
 Implement Flight Information Service (FIS) capabilities between the ground and the
cockpit.
 Develop and implement multifunctional color cockpit displays incorporating FIS
products.
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 Expand and institutionalize the generation, dissemination, and use of automated
PIREPs (pilot reports), including type of observation, to the full spectrum of the
aviation community, including general aviation.
 Improve underlying weather forecasting services across all service areas.
 Require, develop, and implement aviation weather-related training packages for
ATC service providers, pilots, and other users.
 Improve aviation weather telecommunications capabilities for ground-to-ground
dissemination of aviation weather products, including bulk weather data distribution.
 Establish objective standards for characterizing various weather phenomena for
national and international use.
A similar list on highlights in reducing weather inflicted accidents in the US is brought
compiled by the mid course assessment report of the US National Aviation Weather
Program (OFCM 2003). For the subject area of aviation operations education and
training, as well as decision support systems and capabilities are most relevant.
 Weather Product Development
 Weather Product Dissemination
 Education, Training, and Outreach
 Cockpit Displays
 Decision Support Systems and Capabilities.

6.5.3

Interviews and Workshop 3

Interviews were conducted with the following organisations on operations and aircraft
technology issues:
 EUROCONTOL
 Association of German Airlines (BDF)
 Working Group of German Airports (ADV), a national brand of ACI
 The National Association for Air Traffic (BDL).
The tendency of the interviews was, that weather extremes are a phenomenon air
traffic has always been coping with. Moderate changes in weather patterns, e.g.
through climate change, will not change operational procedures significantly. However,
the ever increasing capacity shortage over Europe and North America, together with
the further growing globalisation of travel patterns will boost the impacts from system
disruptions. Thus, increased storminess and less predictable winter patterns may rise
the attention to suitable reaction schemes significantly.
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With reference to aviation operations, Workshop 3 of the WEATHER project has
discussed the following adaptation strategies:
Table 23:

Discussed and proposed measures for operations and vehicles in
Aviation (WEATHER Workshop 3)

Measure

Comments

(More flexible air traffic
management)

Has been underlined by Burbidge‘s presentation (dealing with
changes in demand, delays, regulation); the Single European Sky
ATM Research Programme (SESAR) is already addressing
requirements for improving ATM performance these areas.

Considering
partnerships/global
view

New measure (also between different actors/stakeholders/BUT
cooperation with other modes not popular/rather seen as
competitors);
Integrated international approach to address potential system-wide
impacts.

Changes of design of
routes/mix fleet

Common practice by air traffic control. Options: more flexible
procedures

Source: WEATHER Workshop 3, 2011

However, a number of improvements proposed for road transport and logistics also
hold for aviation. As demonstrated by the volcanic ash in April 2010 and the airport
closures in the winter 2010/2011 multimodal co-operations between air and rail as well
as vertical co-operations between aviation, airports and national/regional bodies could
help air transport operators as well as customers.
Table 24:

Preliminary evaluation of adaptation measures for infrastructures and
transport planning

Measure

Risk
reduction
potential

Feasib
ility

Flexibi
lity

Wider
impacts

Cost
range

Comprehensive risk mapping

2-3

1-3

2-3

0-+1

0-2

Cooperation with other companies
(intra-modal)

1-2

1-3

1-3

0-+1

0-2

Cooperation between modes (intermodal)

1-2

1-3

1-3

0

1

More flexible air traffic management

1-3

1-3

1-3

-1 - +1

1-2

Source: Fraunhofer ISI, 2011

Among these, comprehensive risk mapping followed by a more flexible organisation of
air traffic management show the highest risk reduction potential. Of these, risk mapping
shows the lowest cost level. Human error reduction procedures and training measures
have not been raised during the event.
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6.5.4

Identification of baseline measures

Out of the elaborations above we have identified six measures or strategies for airlines
or air traffic management to react on changing weather patterns. These divide into risk
mapping, workflow procedures, flight handling and airline co-operations.
Some of these measures are more driven by market requirements, i.e. capacity
shortage in the airspace and the competition among airlines. These are free flight
systems, which are designed in first instance to make better use of existing capacity.
Further we consider intra-modal co-operations, i.e. the formation of alliances among
airlines, as a means of profit maximisation with the collateral benefit of having available
a bigger fleet and network to react on system disturbances. Thirdly we expect the issue
of human error minimisation a general challenge to make air travel safer while the
airspace gets more and more congested.
These baseline measures, which we expect to be in operation in 2005 for other
reasons than due to increasing weather extremes, are listed in Table 18.
Table 25:

Operative adaptation in air traffic management - baseline measures

Measure

Comment

Relevant
events

Free flight
systems

Flexible distance
between aircrafts for
better capacity use
and weather reaction

Storm,
medium
convective (complex,
weather
high cobenefits)

Intra-modal cooperations

Forming of alliances
Winter,
to mutually support in storms,
crises

rather limited

Current
practice
(alliances)

Human error
reduction

Detection,
classification,
prevention
procedures

High (multiple
risks)

Short run

All

Benefit/costs Available
from
2030
(conceptual
phase)

Source: Fraunhofer ISI, 2011

6.5.5

Assessment of suitable adaptation measures

Finally, Table 19 depicts the additional measures, which we assume to be operative by
2050 for the main reason of adaptation of reducing air transport‘s vulnerability to
weather extremes. We assess these measures as follows:
 The past events of April 2010 and the winter 2010/2011 have shown the necessity
and the potentially high benefit of intermodal co-operations. As these involve no
direct costs we consider the benefit-cost-ratio to be high with a short-run availability.
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 Across many publications reviewed in this study, staff training to increase sensitivity
towards dangerous situations and to foster awareness of potential reaction and
recovery plans for the specific case of extreme weather events is considered of
utmost importance. Costs are not negligible as training units have to be refreshed
periodically, but we assume that the overall cost ratio still remains high.
 Probabilistic flight planning: This measure shall avoid en-route adjustment of flight
plans by including weather in the multi-days operational schedule of air traffic and
flow management (ATFM). This makes ATFM operations more complex and will
thus involve considerable running costs. Accordingly we assume the benefit cost
ratio to be only moderate and functional systems not to be available before 2020.
Table 26:

Operative adaptation in road haulage and SCM - additional measures

Measure

Comment

Relevant
events

Benefit/costs Available
from

Intermodal cooperations

Air and rail taking
over stranded
passengers, etc.

Winter,
storms

high (low
costs)

Short run

Staff training

Increase
preparedness for
extreme situations
(pilots, ground staff,
etc.)

All

high (key
element)

Short run
after risk
mapping

Probabilistic flight
planning

Including weather in
flight planning to
avoid en-route
adjustments

Storm,
moderate
convective (complex
weather
AFTM)

2020
(Conceptual
phase)

Source: Fraunhofer ISI, 2011

Details for these measures are given in the standard reporting forms in the annex to
this chapter.

6.6

Conclusions

The adaptation measures regarding the operation of transport systems can be
summarized as following for the (road) logistics sector, rail, waterborne and air
transport.
Adaptation measures from a logistics perspective include:
 New packing material which are resistant to humidity and cold (foils, covers)
 Considering partnerships for shared use of transport systems
 Heavier constructed warehouses: Facility management of shippers and forwarders;
indirectly linked to transport
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 Increase intermodal flexibility in order to react on closed connections
 Changes of design of routes/mixed fleet.
In the rail sector the most important organizational factors consist in good infrastructure
management, because extreme conditions such as harsh winters may occur more
often by 2050. Further measures include the development of integrated strategies for
weather forecasts and emergency planning, such as vulnerability and risks maps.
The greatest challenge in the inland waterway sector concerns the variations in water
levels. The difference between high and low water levels is predicted to increase. The
most effective adaptation measures from a logistics perspective include information
management services (e.g. observation of water levels), and the adaptation of fleet
size (operation with less or more vessels). In maritime shipping a possible re-routing of
shipping services and modal shifts to less vulnerable transport modes (rail) might have
to be considered.
Regarding adaptation measures in air transport more realistic flight planning will help to
minimize time losses: actual one day weather forecasts are fed into flight movement
slot planning by ATC. Education and training of the airline staff are further operational
measures to improve the preparedness to extreme weather conditions. Intermodal
agreements (with rail operators) include cost and risk sharing models in the case of an
event and provisions on additional capacities for extreme weather conditions.
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7

Assessment of adaptation strategies

In this chapter we take a comprehensive look at the adaptation measures proposed in
the precedent chapters. By a cross modal analyses similarities and differences of the
transport modes shall be uncovered, while by the subsequent modal perspective
adaptation packages shall be developed. The chapter then turns its attention towards
considerations of benefits and costs of measures and packages and eventually
discusses open questions, uncertainties and further research requirements.

7.1

Cross-modal analysis by adaptation sector

This section revisits the sector chapters 3 to 6 by taking a look at the adaptation
strategies proposed across all modes. The cross modal comparison shall help avoiding
inconsistencies and possible transfers of measures between modes. The assessment
is based on the compilation of the Standard Reporting Forms (SRFs) listed in Annex B
into a searchable database implemented in Microsoft Excel.

7.1.1

Transport and spatial planning processes

Network design and planning is the most strategic level of transport system adaptation.
The related measures often have strong impacts on other sectors (housing, land use
and forests) and are of a medium to very long time scale.
We can distinguish two levels of network design and planning measures:
 General protection measures are understood as investment measures giving shelter
to a wider area rather than improving the resilience of a specific infrastructure.
Included are building codes, dams and dikes, protection forests and flood gates.
However, the difference between direct infrastructure protection and these wider
measures is fluent, as e.g. protection forests and flood gates are usually targeted to
specified critical objects.
 Network redesign comprises measures to make larger transport networks more
resilient to natural hazards by prioritising, relocating or up- and downgrading specific
network parts. These measures are usually long-term as they require going through
multi-decade planning processes or integrating them into larger network renewal
activities. Some contradiction appears between the measures 4202 (pave roads in
permafrost regions) and 1105 (remove pavements for efficient repair). But these
make sense in different climate zones and illustrate the specific appearence of
climate change and necessary adaptation strategies across Europe.

188

WEATHER D4: Adaptation Strategies

Table 27:
ID
41
4201

Compiled adaptation measures for transport and spatial planning
Measure
General protection measures
Avoiding urbanisation of areas
at risk
General flood protection
measures (dams and dikes)
(Re-)installation of protection
forests in mountain areas
Construction of storm-surge
barrier on the water access
routes

Sector Mode

Hazard

Area

Impact

PLG

All

All

All

PLG

Road

RF

All

PLA

RF / IS

AL

INF

Road,
rail
Ship

RF SH

All

MOSE (electro-mechanical
flood and degradation
protection system)
Flood gates

INF

Ship

SH

MD

Urbanised areas, especially with higher
density
Coastal and river side areas; impact
more on protection of settlements
Protection of transport infrastructures
as well as settlement areas
A storm surge barrier, which
automatically closes when needed,
protects against the high water level
threatening from the sea side
Protection of the city of Venice;
protect the lagoon from the sea

INF

Ship

RF SH

1303

Depoldering: relocation of a
polder land inwards

INF

Ship

RF

BI FR SC
ME EA
BI FR SC
ME EA

Floodgates are adjustable gates used
to control water flow
The primary function is to provide
more room for the river: the polder is
depoldered so water can flood into the
area at high water levels.

42
1105

Network redesign
Climate sensitive road
alignment planning
Methodology for including
climate change impacts for
railways planning
Shifting of road alignments
beyond areas at risk
Focus road networks on core
network
Removal of road pavements
for efficient repair
Sealing of unpaved roads and
other measures in permafrost
regions

PLG

Road

All

EU

The entire European road network

PLG

Rail

RF, SH,
HD, FS

FR

Heavy rail infrastructure asset

PLG

Road

All

All

All Networks

PLG

Road

All

All

All Networks

PLG

All

Rain

All

Urbanised areas

INF

Road

SC

n.a.

5003
1208
1304

1305

1302

4301

4101
4102
4202
1109

Source: WEATHER 2011

7.1.2

Infrastructure technologies and operations

Out of the 58 adaptation measures entered into the WEATHER adaptation database 20
measures have been elaborated under the heading ―infrastructure technologies and
management‖. The measures range from very broad ones, such as incentivising
stakeholders to perform adaptation strategies (ID 1207) to very specific ones, including
pile construction for buildings with critical equipment (ID 1202) or vegetation control
along road and rail networks (IDs 1108 and 1205). Looking at transport modes 11
measures are entered for roads (IDs 1101 – 11111), 7 for rail (IDs 1201 – 1207) and 5
for inland navigation and maritime shipping (IDs 1301 – 1305).
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Table 28:
ID
11
1207

Compiled adaptation measures for infrastructures

Measure
Incentives & information
Incentives (for responsible
stakeholders) and regulations to apply
and maintain adaptation measures
Prediction of future climate conditions
with focus on roads
Installation of monitoring systems
combined with effective
communication to users
Installation of (automatic) monitoring
systems

Sector

Mode

Hazard

Area

Impact

All

All

All

All

INF

Road

All

EU

Complete rail network in Europe;
whole EU population can profit from
such regulations
The entire European road network

INF

Road

All

EU

The entire European road network

INF

Rail

HD RF
FS

All

2305

Monitoring of humidity and
temperatures in metro Systems

INF

UPT

HD

Complete (interurban) rail network in
Europe (total EU rail network: ca.
210.000 km)
zone
Avoid extreme temperatures and
(old
humidity which may endanger vehicles
netwo and passengers, may cause closures if
rk)
conditions are not controllable

12
1104
1108
1204

Supervision & maintenance
Maintenance of pavements
Vegetation management along roads
Increase of (preventive) maintenance
activities

INF
INF
INF

Road
Road
All

All
All
All

EU
EU
All

1205

Vegetation management along rail
tracks

INF

Rail

SH HD
RF

All

1106

Climate-resilient design and
maintenance of bridges and tunnels
Proper design and maintenance of
drainage
Construction and maintenance of river
groynes (spur dikes)

INF

Road

All

EU

The entire European road network
The entire European road network
reduced malfunction of the
infrastructure system, reduced
destroyed infrastructure
Complete (interurban) rail network in
Europe (total EU rail network: ca.
210.000 km)
The entire European road network

INF

Road

RF

All

The entire European road network

INF

Ship

RF HD

EU
midnorth

Stabilise the river and maintain a
navigable waterway for river traffic;
physical barrier to stop sediment
transport

INF

Road

All

EU

The entire European road network

INF

Road

All

EU

The entire European road network

INF

Road

RF

EU

The entire European road network

INF

Rail

FS

SC ME Reduction of rail delay in winter;
EA Al increased electricity consumption

INF

Rail

RF

All

IP FR
MD
EA
BI

1101
1110

1206

1111
1301

13
1102
1103

1107
1201

1202

Investment
Polymeric pavement materials and
fibre-reinforced concrete overlays
Flexible road pavament design
standards taking into account climate
change
Improvement to stability of slopes and
embankments
Switch protection Protection of
Switches against snow and ice by the
help of brushes, heating and/or
covering
Pile construction (for buildings with
technical equipment)

1203

Cooling and installation of fans to
protect electronic equipment

INF

Rail

HD

3202

Use of physical barriers at Rail and UP’T
station

SER

Rail,
UPT

RF

Reduction of damage costs, speed up
of reconnection if rail track is only
destroyed less
Reduction of malfunction of signals
and other electronic equipment leads
to reduction of delays in heat periods
Avoidance of station closure, in
particular in case of flash floods

Source: WEATHER 2011

For infrastructure technologies and management we can distinguish the following
groups of measures:
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 Incentives and information policy: Improved weather information systems to facilitate
the operation and maintenance of infrastructures are proposed for road and rail
network. These types of measures are closely linked to service operations as better
weather warnings support infrastructure managers as well as users of transport
networks. Somewhat linked to the category of information policy is the proposal for
setting incentives to encourage stakeholders to undertake partly long run adaptation
measures, which otherwise would be omitted as profits are vague and far in the
future.
 Supervision & maintenance: Improved supervision and servicing of infrastructures
appears to be key activity for avoiding infrastructure risks from more severe weather
extremes. Activities range from more intensive vegetation control to prevent
infrastructures from falling trees or simply to react on more quickly growing plants
over changing winter maintenance activities to more frequent inspections of assets
and functional elements. Bridge structures and drainages appear to be the most
critical elements, allowing to postpone investments in new, adapted infrastructures.
Thus there appears to be a trade-off between investments and maintenance
activities.
 Investment: Growing changes in weather patterns make it necessary to re-design
infrastructure assets. This concerns the statics of layers and engineering works as
well as the use of certain materials. The re-design may lead to conflicts as on the
one hand higher temperature have to be considered, but the materials further have
to withstand current frost patterns. Measures like the support of slopes and
embankments are relevant for road as well as for rail, while others are very specific.
This is e.g. the case for heating switches or the cooling of electronic equipment for
rail or the installation of cross river storm surge barriers and depoldering in
waterborne transport.
The analyses show that, despite the independency of the modal assessments, there
are several common elements and structures for adequate adaptation strategies.
Looking at the time scale we can say that establishing adequate information sources
and adapting inspection and maintenance activities can be carried out in the short run.
But they are not available for free and thus require location-specific benefit cost
considerations.
In terms of long-life infrastructure investments the level of additional costs very much
depends on whether the adaptation measures can be implemented during standard
maintenance cycles, or whether earlier action is needed. The decision on that will
strongly depend on the dynamics of climate change and thus requires the frequent
update of projections of climate change and weather activities.
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7.1.3

Vehicle technologies and communication systems

14 measures have been allocated to the wider field of vehicle technologies and
communication systems. The review of statements in literature and from experts have
shown that the installation of capable hazard warning and communication systems on
board of vehicles is relevant and is closely related to the installation of respective
infrastructrue-related weather information systems. Vehicle construction options range
from on-obard energy and climate management systems to adaptation of materials to
improve resistance against heat, or to allow travelling under difficult environmental
conditions.
We divide the adaptation measures reported for vehicle technologies into three activity
categories:
 Detection and communication technologies: These include car2car and
car2infrastructure communication systems in road transport, the full utilisation of
ERTMS and ECTS control systems in rail transport and next generation ATM
systems in aviation. These systems are closely linked to the weather and
performance data provision discussed under infrastructure technologies. Effective
adaptation systems maintaining the safety of transport should consider the two
system domains by a joined development strategy.
 Engineering: the physical design of vehicles embrace the shaping of vehicle bodies
to make them more resilient to high winds and precipitation, the usage of advanced
materials decreasing temperature sensitivity and ice formation, as well as the
adaptation of cooling or heating systems to maintain vehicle functionality and
passenger comfort across a wider spectrum of temperatures. These basic elements
of adaptation strategies should be well transferrable between modes, but require
unique specifications for different vehicle sizes, energy source or patterns of use. A
general issue linked to the re-design of vehicle is to invest more in early design
stages for integrating weather resistance with other objectives, e.g. energy
consumption, and to thoroughly test alternative design variants.
 Maintenance: Improved maintenance and vehicle supervision cycles may help to
detect weather related problems at an early stage and thus to lower repair costs or
to postpone the replacement of vehicles. This is particularly an issue in urban public
transport, but also holds for all other modes with high safety standards. Maintenance
procedures are closely linked to fleet operation issues and thus could be part of an
overall transport-undertaking strategy to improved resilience.
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Table 29:

Compiled adaptation measures in vehicle technologies

ID
21
2101

Measure
Detection & Communication
Car2X-Communication: GPS/TMC and
Vehicular Communication Systems

Sector

Mode

Hazard

Area

Impact

VEH

Road

All

All

2102

Traffic Sign Recognition and braking and
Stability Control Assistance
On-Board Units using GSM-R
Autonomous on-board weather
detection and reaction Systems

VEH

Road

All

All

VEH
VEH

Rail
Air

RF, SH, AT
ST

EU
EU

2503

Second generation ATFCM weather
communication Systems

VEH

Air

All

EU

Enhance traffic safety and transport
system operation efficiency leading
to reduced delays in cases of
adverse weather phenomena
Enhance traffic safety in cases of
adverse weather phenomena
Safety, accidents
Highly reliable detection of any type
of atmospheric anomaly with
impacts on safety and comfort with
automated Systems for diagnoses
and detouring
Capacity, safety and comfort
increase with in time integration of
reliable weather warnings in ATFCM
realtime procedures

22
2201
2301

Engineering
Snow deflecting covers on bogies
Integrative vehicle concepts for energy
efficiency and thermal management

VEH
VEH

Rail
UPT

SC
zone

Assets
Optimal integration of termal
management and energy efficiency
in the vehicle design phase

2303

Termal management / slip control / shift VEH
of gravity centre

UPT

zone

Stand-alone solutions to single
problems

3201

Improving the current ventilation
System

SER

Rail

FS
All
(especially
FS, HD,
SH)
All
(especially
FS, HD,
SH)
HD

BI

2401

Optimise barge dimensions

VEH

Ship

HD

EU

2402

Use of composite material in
shipbuilding, e.g. fibreglass reinforced
plastic

VEH

Ship

HD

EU

2403

New design for sturdier ships

VEH

Ship

SH

EU

2501

Nano-Structured Materials

VEH

Air

IS

EU

2302

Test intended robustness in climate
chambers (“high-pressure test”) or in
“real life”

VEH

UPT,
Air

All
Zone
(especially
FS, HD,
SH)

People potentially affected (over 3
million journeys are currently made
every weekday)
IWW; A higher probability of low
water levels (in other words, more
extreme climate events) leads to the
choice of smaller vessel
IWW; Due to the lighter material,
the loading capacity of the ship
increases; lighter ships require less
fuel and can run at a higher speed
IWW; Ship with bow (inverted)
design
Reduces the ability of super-cooled
droplets to freeze down to -30°C and
reduces the adhesion of frozen ice
on the aircraft
Hazards have been tested in
advance and eliminated

23
2304

Maintenance
Consequent maintenance (including
advanced de-icing, cleaning and repair)

VEH

UPT,
Air

All
zone
(especially
FS, HD,
SH)

2202
2502

Source: WEATHER 2011
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7.1.4

Transport service and fleet operations

Twelve measures prepared for the individual modes are subsumed under the heading
―Service Operations‖ (SER). In addition to improved infrastructures and vehicles they
shall reflect what the operators of rail, UPT, air, road freight and waterborne services in
passenger and freight transport can do to mitigate the impacts of extreme weather
conditions.
Table 30:

Compiled adaptation measures for service operations

ID
Measure
31
Raising preparedness
3101 Contingency Planning for logistics
chains

Sector

Mode

Hazard

Area

Impact

SER

Road, All

All

All

3103 Flexible fleet management in haulage
and logistics management
3302 Prepare for service delays and
cancellations, e.g. due to temporary
closure of access to ports
5001 Prepared emergency timetables for
scheduled transport

SER

Road

All

All

Improvement of security of
operations against multiple
hazards
All networks; security of supply

SER

Ship

RF, SH, FS

EU

Maritine: Cancellation of
services

SER

Rail, UPT,
air

All

All

3303 Ensure the functioning of alternative
routes
3102 Education and training of drivers and
logistics managers
3203 Package of infrastructure
design/maintenance, ICT development
and personnel training
3402 Education and training of aircraft crews
and ground control

SER

Ship

RF, SH, FS

EU

SER

Road

All

All

SER

Rail

FS

SC

Rail, UPT and air: reducing
delays and unreliability through
reduced services
Maritime; Redistribution of
navigation routes
Increased preparedness, more
efficient crises management
Assets

SER

Air, All

All

All

5002 Planning and regular update of
emergency communication strategies

SER

All

All

All

SER

Road

All

All

3106 Vertical co-operation between state,
undertakings and customers
3301 Modal shift from inland shipping to
land-based modes

SER

Road

All

All

SER

Ship

HD

EU

3401 Intermodal co-operation between air
and land transport

SER

Air

All

All

33
System redesign
3104 Flexible fleet management

SER

Road

All

All

3403 Probabilistic flight planning

SER

Air

All

All

32
Co-operation structures
3105 Horizontal co-operation of companies

Source: WEATHER 2011
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The measures can be grouped into three categories:
 Raising preparedness: This group basically comprises of two elements: the
establishment of contingency plans and staff education. Contingency plans
comprise of the identification of alternative routes, supply chains, staff availability
and sources for extra equipment. Education and training is a prerequisite to
functioning contingency plans and affects the personnel operating the vehicles as
well as those organising and controlling fleet operations.
 An additional measure not mentioned in the database is the preparation of
emergency communication channels to customers and passengers, e.g. via the
notification of appropriate media channels and the access to the customers mobile
devices.
 Intermodal co-operations are located somewhere between increased preparedness
and system redesign. Joining the forces of normally competing undertakings within
one mode or along a supply chain (vertical co-operation) or across modes
(horizontal co-operation) can well help maintaining service quality for the customers
at an acceptable level, but requires partly tricky negotiations between market
participants. As it is difficult to predict what exactly and to which degree with happen
agreements to be closed need to be sufficiently open, but binding enough to give
guidance on how to react in the emergency case.
 System redesign: In contrast to the rather short-term oriented measures of
increasing awareness and preparedness in the companies, changing the
organisational design of a system requires the review and adaptation of complex
communication systems and it technologies. This process is currently under way in
the European rail sector in form of market openings and the implementation of
common standards (ETCS / ERTMS) and in aviation through the implementation of
the Single European Sky (SES).

7.2

Assessment

The principles of the assessment scheme have been laid down in Chapter 2. The
collection of data on potential adaptation measures in Chapters 3 to 6 has confirmed
that a classical cost benefit analysis (CBA) is not feasible due to a number of reasons.
First, the costs and benefits of certain measures, in particular in the field of
infrastructure investments, are extremely dependent on local conditions and on the
degree to which they are implemented. Second, we are looking at the horizon 2050,
which makes cost estimates extremely vague as technologies change and the
implementation strategies largely impact the effective costs of specific measures.
Finally, a number of measures will be implemented primarily for other reasons than for
increasing the resilience of transport to climate change and weather extremes. This is
for example true for advanced ICT systems.

195

WEATHER D4: Adaptation Strategies

In the following sections we thus investigate the benefits and costs of adaptation
strategies on a higher level, abstracting somewhat from single technical or
organisational solutions. For the five assessment criteria introduced in Chapter 2
(Costs, risk reduction potential, feasibility, flexibility and wider impacts) we go along the
classification of adaptation strategies proposed in Section 7.1. The assessment makes
use of the classification of criteria given in the Standard Reporting Forms (SRF) in
Annex B, but, acknowledging that different authors have diverging perceptions and
motivations for evaluation, it is tried to standardise the assessment values.
The assessment abstracts from the type of hazards addressed by the adaptation
measures for reasons of simplicity and transparency of the presentation. This
extremely important variable is briefly discussed in the hot spot analysis in Chapter two
and at the beginning of Chapters 3 to 6, as well as in the single modal sections. For the
same reason we abstract from modal issues; these are taken up in the subsequent
section (7.3) when discussing adaptation strategies per transport sector.

Costs
For a number of specific measures cost estimates for technical or constructive
solutions could be collected. Examples are the establishment of dikes, the elevation of
buildings with critical equipment, heating of railway switches, or aircraft weather
detection systems. Even in these cases, however, it was not possible to quantify
European implementation costs as the degree of implementation and local conditions
are unknown. For most other measures not cost data was available at all.
The qualitative classification of cost ranges is related to the normal investment or
operation costs of transport systems: 0 = no, 1 = minimal, 2 = noticeable and 3 =
considerable additional costs. For the 11 adaptation categories the following
observations are made:
 Highest adaptation costs (2.0) are found for measures requiring increased
infrastructure maintenance as well as for the re-design of distribution networks (e.g.
relocating logistics locations and warehouses). The maintenance issue can be
explained by the steady money flow required to keep the measure running.
 The second largest group is lead by the installation of general protection measures
(dams, dikes, floodgates, etc.) and is followed by ICT based detection and control
measures in vehicles.
 Pure investment and vehicle engineering solutions, or network and spatial planning
issues are not ranked very highly in terms of their life cycle costs as most of these
measures can be implemented during standard vehicle cycles.
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7.2.1

Direct benefits

Like for costs, the quantification of benefits on a general level is difficult, because local
conditions and degree of implementation of the measures are unknown. Nevertheless,
the qualitative ranking delivers some fruitful insights:
 With 2.2 against 1.51 the benefits of all measures in average are expected to range
clearly above implementation and operation costs.
 Highest benefits (250 – 267) are seen for vehicle engineering, infrastructure
investments and general protection measures. These are the large, and in most
cases expensive measures.
 Slightly less expressed (200 – 240) are seen for information and incentives policies,
supervision and maintenance of infrastructures and vehicles, on-board detection
and the raising of awareness among transport professionals.
 Lowest ranks, but still between 1.33 and 2.00 are given for intra- and intermodal
cooperation strategies and for the re-design of service systems and transport
networks.

7.2.2

Wider impacts

Wider impacts may be positive (e.g. in case of polders and protection forests providing
additional benefits for nature) or negative when imposing threats to other economic
sectors. In case of all measures for adapting transport to weather extremes investigate
here wider impacts, however, have been found to be positive. Only the level of the
marks given is rather modest with an average of 1.1. Results can be characterised as
follows:
 Most positive impacts are seen for vehicle technologies improving traffic safety and
partly reducing energy consumption.
 Moderately positive impacts are seen for transport and spatial planning, as many of
the proposed measures turn around less risky land use patterns, leaving more room
for natural areas and biodiversity.
 Lowest wider impacts are constituted for company-internal improvements, such as
the raising of awareness for natural hazards and education programmes.

7.2.3

Feasibility

The Feasibility of adaptation solutions in terms of public acceptance and technology
availability is an important driver for preparation and implementation costs. The values
found in the database vary widely between 1.0 and 3.0. The following characteristics
can be observed:
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 Most feasible appear vehicle fleet related issues as here only company-internal
processes are concerned. Disregarding co-operation strategies this also holds for
measures in the field of service operations and general protection measures.
 Average feasibility values are found for infrastructure related adaptation measures,
requiring long planning and public acceptance phases.
 Lowest values appear for inter-and intra-modal co-operations and – even more for
redesigning transport networks in planning processes.

7.2.4

Flexibility

The flexibility of adaptation measures appears important as the general, and in
particular the local, appearance of climate change is not clear. The values attached o
the considered classes of adaptation are rather distinct, ranging from 0.67 to 3.0. The
following groups of measures can be formed:
 Small-scale technical detection systems are found to be completely flexible as the
components can be adapted quickly with the turnover of vehicle fleets.
 The entire block of service operations can be adapted to new situations as they
come. Flexibility values in this domain are thus generally high (above 2.5).
 Supervision technologies – due to their system relevance – vehicle design and
infrastructure investments are considered less flexible; but there should be
considerable among the single measures within these classes.
 Least flexibility marks are given to planning issues and general protection measures.

7.3

Overall ranking of measure groups

The average weighted assessments per assessment category and type of adaptation
measure are plotted by Table 31. The right column further shows the total scores per
measure group calculated with the weights given in Figure 5. For this exercise the
category ―costs‖ was transformed such that 3.0 denotes lowest- and 0.0 highest costs.
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Table 31:

Overview of assessment values by group of adaptation measure

Grouped adaptation measures

Costs

Benefits

Wider
impacts

Flexibility

Feasibility Weighted
benefits

Transport and spatial planning
General protection measures

1.92

2.50

1.00

0.67

2.17

139

Network redesign

1.40

1.70

1.25

0.80

1.00

129

Incentives and information

1.00

2.40

1.40

2.50

1.80

200

Supervision and maintenance

1.71

2.07

0.86

1.57

1.93

158

Investments

1.63

2.50

0.75

1.75

1.79

161

Detection and communication

1.80

2.20

2.00

3.00

2.20

211

Vehicle engineering

1.44

2.67

1.33

1.67

2.33
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Maintenance

2.00

2.00

2.00

1.50

3.00

178

Raising preparedness

1.44

2.00

0.43

2.38

2.13

175

Co-operation strategies

0.50

1.88

0.50

2.25

1.50

185

System redesign

2.00

1.33

1.67

2.67

2.00

167

1.51

2.20

1.08

1.84

1.95

172

Infrastructure measures

Vehicle technologies

Service operations

TOTAL

Source: Fraunhofer ISI, 2011

The MCA denotes two groups of adaptation measures with rankings above 200:
 Detection and communication technologies on board of vehicles (Score: 211).
These contain car2x for road vehicles, GSM-R for rail and weather radar and control
systems for aircrafts. The group of measures is characterised by the highest score
of flexibility with considerable benefits and an easy feasibility.
 Policy instruments providing incentives and information to market participants for
encouraging the implementation of adaptation strategies. This is per se a prerequisite for adaptation, but not a measure in itself. But the indicators reveal its
usefulness to foster adaptation implementation.
High scores (above 150) are also obtained for all other measures under the heading
vehicle technology and service operations. These are usually company internal and
thus generate less side effects and are thus flexible and rather easily feasible. Among
this group vehicle engineering and co-operation strategies lead the ranking. For cooperation strategies this appears surprising as collaborations between commonly
competing entities are supposed to be difficult in implementation. The low costs and
considerable benefits, however, make up for this weak point.
Lowest ranks are given to spatial planning measures. While the redesign of networks is
usually a low flexibility and long-run undertaking with limited benefits, general
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protection measures combined high costs with only partial benefits for the transport
sector. However, flood gates, dikes, and other general protection measures are
targeted for other purposes than for transport and can thus not be ranked with sufficient
appropriateness with a transport focussed assessment scheme.

7.4

Benefit to cost considerations

In the following we try giving a picture how suitable adaptation strategies could look like
by transport mode. This analysis is a purely qualitative, emerging from an intuitive look
across the adaptation database.

7.4.1

Road

Road transport would benefit most from the installation of powerful weather information
systems providing customised information to all operator and user groups. This would
in first instance mean to unify data structures across Europe and to undertake regular
investigations on the needs of road operators, fire brigades, police, commercial
transport undertakings and private travellers.
In second instance it is recommended to intensify maintenance activities and to record
the results, including the origin of damages, in a European database. This then could
allow to make more powerful statements on the impact of climate change and weather
on infrastructure assets and to better guide preventive maintenance activities. In
particular those elements of the road structure, which are responsible for the resilience
against hazards (e.g. drainages) shall be under constant supervision.
Thirdly, the development of vehicle-to-vehicle and vehicle-to-infrastructure
communication systems to direct relevant information to the users shall be fostered.

7.4.2

Rail and urban public transport

A high priority for all scheduled transport modes is to establish contingency strategies
for periods with adverse external conditions. These should include
 co-operation agreements with other undertakings (inter- and intra-modal),
 Customer information strategies,
 Options for reduced serviding.
Important in this context appears appropriate staff training and education. Further,
vehicle technologies including integrated heating and cooling systems, are relevant to
maintain passenger comfort and thus public transport market shares.
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A third priority in rail transport appear to be improvements in infrastructure technology,
e.g. switch heating or the ventilation of underground tubes, as well as more intensive
maintenance practices.

7.4.3

Inland navigation and maritime shipping

The adaptation discussion in the shipping sector is driven by infrastructure measures to
keep inland waterways navigable in times of high and low water and to keep seaports
accessible and safe in case of sea level rise and the entailed amplified impacts of
storm surges.
Vehicle technology goes in the same direction by discussing ship body shapes being
more stable and being capable of navigating in shallow water. These may be longer
and wider bodies or the use of comosite, lighter materials, such as fibreglass enforced
plastic.
As inland navigation is one of the most vulnerable mode of transport with respect to
several environmental hazards, shippers and forwarders need to ensure that
alternative routes or modes are accessible in the emergency case.

7.4.4

Aviation

Airport operations as one of the most important subjects to adaptation strategies, was
not investigated in much depth by this study. Here, an important trade-off between
investments in sufficient spatial and technical capacity for handling adverse weather
conditions versus the high costs associated with that has to be handled.
Air traffic control in Europe is currently undergoing a major consolidation process
though the implementation of the Single European Sky. Besides making ATC
processes more efficient, more inter-connected communication structures can help
making flight management more flexible and thus maybe more resilient against
weather extremes. Further measures include allowing more flexible flight plans with
more responsibility given to the pilot, and highly weather information and
communication systems.
Finally aircraft technology will move towards more on-board devices for automatic
detection of dangerous weather objects and the use of new, e.g. nano-structured
materials for aircraft bodies and other aircraft components.
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8

Conclusions and Outlook

8.1

Summary of the study

8.1.1

Objectives and methodology

Deliverable 4 of the WEATHER project has looked at suitable adaptation measures in
transport, structured by infrastructures, vehicle technologies, system operations and
planning, including more general spatial aspects. The objective of the report was to
carry out a cost-benefit analysis for selected adaptation strategies across all weather
extremes, European climate zones and modes of transport.
After a short introduction Chapter 2 has revisited the vulnerability results of Deliverable
2. The indicators clearly point in mountain areas as well as on mid Europe to be most
vulnerable to weather extremes but related to passenger and ton kilometres the
burdens of Scandinavia, East Europe and France as highly expressed. The most
striking weather events for the current time periods are winter impacts and the
consequences of heavy or durable rainfalls.
The chapter has also introduced to the assessment methodology for adaptation
measures and strategies. In contrast to what was envisaged in the project proposal and
what was proposed at the 3rd WEATHER workshop in Rotterdam, May 2011, the data
situation and the broadness of the analyses has suggested to use a simple multicriteria-analysis instead of cost benefit analyses. Assessment criteria applied are:
Benefits, costs, wider impacts, flexibility and feasibility. These have been assessed for
a wide range of measures by means of literature review, interviews, a workshop and
own expert judgements. The weights for the criteria have been set by the workshop
participants and suggest to put the highest weight to the basic components ―direct
benefits‖ and ―life cycle costs‖.
The main part of the study is a walk through four basic field of activity when thinking
about adapting transport systems to a changing environment: Infrastructure Systems,
vehicle technology, service operations and transport and spatial planning. The most
important messages out of these four areas can be summarised as follows:

8.1.2

Transport System Planning

Planning for weather extreme events together with timely risk-assessment constitute
the appropriate method which should feed all policies aiming at increasing resilience of
the transport sector with a view to reducing the long-term impacts and costs associated
to climate change. Particularly, special attention must be given to those regions which
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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 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 name two basic parameters associated with adaptation
and planning of the transport sector which are: the time horizon, and the risk from
weather predictions. Turning to 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 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 in the multimodal
character of the transport system as well as in the incorporation of the external effects
of transport. Interrelationships evaluation between transport modes when dealing with
extreme events is a complex task that should be part of the analysis.

8.1.3

Infrastructure Technologies

A basic condition for ensuring 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 latest climate scenarios and technical standards, should be
developed. Proposed measures should be combined with outcomes from adaptation of
vehicles, transport planning, and system operation, which are described in other parts
of this project.
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In principle 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 for maintaining passenger comfort, and the
installation of (automatic) monitoring systems. Eventually, incentives for responsible
stakeholders and regulations to apply and maintain adaptation measures should be
considered.
Regarding the inland waterway sector important adaptation strategies for the
infrastructure include the installation and maintenance of groynes in order to increase
the flow velocity of the rivers and to avoid silting of the river beds. Furthermore, the
minimum fairway (depth and width) dimensions of individual river sections need to be
provided, e.g by dredging of river beds.
Long-term measures for the maritime sector embrace water barriers and coastal
protection structures, the re-location of routes or even ports, the restriction of building
settlements in low lying areas, to construct slope-retention structures, to strengthen
foundations, and raising dock and wharf levels. It is further recommended to deploy
ice-breakers to make the ice-covered sea waterways and ports navigable and
accessible under severe winter conditions in northern regions and to generally increase
monitoring of port and supportive infrastructure conditions during extreme heat periods.
The safety standards applied for the coastal structures take into account the expected
climate change scenarios for the coming 100 years and the level of exposure to the
extreme weather conditions in the area concerned.

8.1.4

Vehicle Technology

The chapter has looked into advanced vehicle technologies and communication
systems in road, rail, waterborne and air transport.
In all modes technical
improvements and new materials at the vehicles are considered in combination with
large-scale information and communication system. 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
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in relation to extreme weather events. A significant prerequisite however, is to hasten
market penetration by public support of RTD and field testing.
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 on specific elements like bogies, exterior equipment, WC and
water supply, couplers, etc. The control of adverse weather situation can be widely
improved though a full implementation of the European Rail Traffic Management
System (ERTMS), for which low vehicle related costs meet considerable benefits.
Adaptation strategies in urban public transport systems are similar to those proposed
for inter-city passenger rail. 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 enlargement
of the vessel size, the use of lighter materials in ship building and the introduction of
telematic systems. An adaptation measure for low water levels consists in 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 depth. In
maritime transport smart communication technologies for abnormal events detection.
New ship design can further enhance ship navigation performance and safety.
In aviation three types of adaptation strategies to various types of weather have been
identified: New nano-structured materials can help avoiding pre- and in-flight icing and
thus improve safety, costs environmental loads through deicing material and airport
capacity. Safety and capacity are also the main drivers of ground-based next
generation ATM systems connecting weather- aircraft- and ATM systems in real time.
These can be supported by autonomous on-board weather detection and avoidance
systems. While costs and impacts of on-board systems are moderate, both are
considerable for large-scale ATM system re-designs.

8.1.5

Transport Service Operations

Adaptation measures regarding the operation of transport services have been analysed
for road (logistics), rail, waterborne and air transport. Measures suitable for
strengthening the resilience of road transport and logistics include smaller ones like
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
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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
risks maps. Further, communication strategies to 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 concerns the variations in water
levels. The difference between high and low water levels is predicted to increase. The
most effective adaptation measures from a logistics perspective include information
management services (e.g. observation of water levels), and the adaptation of fleet
size (operation with less or more vessels). In maritime shipping a possible re-routing of
shipping services and modal shifts to less vulnerable transport modes (rail) might have
to be considered.
Regarding adaptation measures in air transport more realistic flight planning will help to
minimize time losses: actual one day weather forecasts are fed into flight movement
slot planning by ATC. Education and training of the airline staff are further operational
measures to improve the preparedness to extreme weather conditions. Intermodal
agreements (with rail operators) include cost and risk sharing models in the case of an
event and provisions on additional capacities for extreme weather conditions.

8.1.6

Assessment

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
highly depends on local conditions as well as on implementation depth 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. But the analyses has shown that for all main areas (infrastructures,
vehicles, service operations and planning) these sub-areas can not always be clearly
separated. For instance better information systems require investments in
infrastructures and / or vehicles, and intensifying maintenance activities reduces the
need for infrastructure renewal and large-scale repair measures.
The application of the assessment method required in most cases to put expert
judgements on the assessment criteria. Most critical 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
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estimating the degree to which the weather impact is reduced. The remaining criteria
flexibility, feasibility and wider impacts have been set according to the expert
judgement of the research team. Though these classifications may be questionable for
single measures, it can be expected that the average across all measures in a subarea yields reasonable results.
In a possible range between 0 and 300 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 aircrafts, and policy instruments providing
incentives and information to market participants for encouraging 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 less side effects and are thus flexible
and rather easily feasible. Lowest ranks are given to spatial planning measures due to
their low flexibility, long and complex implementation phase and mostly limited benefits.

8.2

Interpretation of the results

The WEATHER project has been designed to investigate the vulnerability, emergency
management and adaptation strategies of all modes of transport with their specific
actors, across all European climate regions and for all types of weather extremes. In
order to meet these targets the study had to limit the depth of investigation within the
cells of the resulting four-dimensional matrix.
For the assessment of adaptation strategies this simplification has three implications.
First, not for all activity areas all modes of transport were considered and not for all
modes and activity areas adaptation against all hazards has been looked at. The most
important fields of investigation have been identified via a hot spot analysis, which is
heading each of the activity areas. This simplification is not considered affecting the
results to a considerable degree as the most vulnerable modes and activity areas (or
actor groups) are included.
Second, the selection of measures looked at within each cell was driven by literature
review and single interviews with field experts. These, however, may not be complete
in all cases and have obviously not delivered all data needed for a proper assessment.
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But across the number of small and large adaptation measures we expect the errors to
be balanced out and information gaps to be sufficiently smoothed.
Thirdly, the cost benefit analysis which was envisaged by the study proposal had to be
replaced by a more simple multi criteria analysis (MCA). This is possibly the largest
omission of the study. True, the weighted criteria have lead to a ranking of measures
which appears to be largely reasonable. But the results do not permit a statement on
which share of damage costs could be reduced by implementing the adaptation
strategies proposed here.
However, if we interpret the values given by the MCA we see that the scores for
benefits are for nearly all measures much higher than those of the costs. We thus can
say that if selecting appropriate measures high benefits are confronted with moderate
costs. Although we do not have concrete financial numbers attached to this statements
we can expect that the impacts of weather extremes on the transport sector could be
mitigated with reasonable funds. Annual adaptation costs should thus range clearly
below two billion euros per year, which is roughly the damage costs calculated by
WEATHER deliverable 2.
As many measures, in particular the large scale and expensive general protection
measures, reduce risks in other sectors far more than for transport, the respective
costs are difficult to allocate. If costs are allocated according to benefits, transport
should bear only a friction of coastal or river side flood protection measures. Moreover,
many transport specific measures serve other reasons, 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 against
damages caused by weather extremes.

8.3

Recommendations

The compilation and assessment of adaptation measures of different modes and types
of hazards in this report 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 to
transmit and process 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.
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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.
In WEATHER deliverable 2 we have broken down total damage costs of €2.4 million
p.a. to passenger and ton kilometres. In average we arrive at rather modest damage
costs of past decade‘s extremes 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 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.

8.4

Study goals and achievements

This section revisits the objective of WEATHER Work Package 4 (Adaptation
Strategies) and compares them to the achievements made by this deliverable. The
objectives stated by the WEATHER technical annex listed in turn:
Objective 1: Identify appropriate and efficient adaptation strategies for
transportation infrastructures and services to ease the impacts of extreme
weather events in the future
This objective (corresponding to sub-objective 4 of the WEATHER project) has been
fully met. For all four activity fields of adaptation a wide range of adaptation measures
has been compiled in the WEATHER Adaptation Dataset. In order to meet the demand
for a compilation of practically relevant adaptation strategies a wide range of different
adaptation options has been searched, reaching from incentives to information
provision, investments and maintenance to vehicle technologies. In total 58 measures
for five modes of transport have been collected and documented in Standard Reporting
Forms.
Objective 2: Quantify costs and benefits of adaptation measures to transport
operators
Costs of adaptation measures have been collected and documented in the Standard
Reporting Forms as far as possible. However, the vagueness of the measures on the
one hand and confidentiality issues of supplies and uses of adaptation systems on the
other hand have made the compilation of reasonable costs and benefit data impossible
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for all adaptation measures. Thus, the quantification of benefits and costs has been
relaxed form hard monetary figures to class indicators ranging from 0 (very low costs /
no measurable benefits) to 3 (extremely high costs / full reduction of risks). Similar
scales have then been applied to three other assessment criteria, which are: flexibility,
feasibility and wider economic impacts. In contrast to hard monetary figures these
―softer‖ indicators could finally been applied to all types of measures and have thus
allowed a general assessment of adaptation bundles. This would have not been
possible when remaining with monetary values. We thus can conclude that the
objective has been fully met, although in a different methodological way than was
envisaged when having planned the project.
Objective 3: Quantify and predict social benefits and costs of adaptation
measures
With the additional assessment criteria ―feasibility‖, ―flexibility‖ and in particular ―wider
impacts‖ we have taken a step aside from the narrow entrepreneurial view of project
costs and benefits. The resulting indicators quantify how the project is accepted by
related actors or stakeholder groups (implicit social aspects) via the feasibility criterion.
Flexibility says something about the inter-generational costs (in terms of long life
infrastructures) or at least on additional burdens for the following election periods.
Eventually, wider impacts takes an explicit look at positive or negative effects the
measure could have on society, economy or nature. As for the lead indicators costs
and benefits, these criteria are expressed in scores rather than in hard cost figures.
The latter would have been impossible for the wide range of measures and would thus
have delivered only a partial picture in the end. Similar to objective 2 we also consider
objective 3 being met, but with having adapted the underlying methodology to the data
situation and the requirements of the WEATHER project.
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ANNEX A: Hot Spot Tables

A1.1: Infrastructures and Transport Planning
Table A-1:

Hot spots for road infrastructure

without consequent events

Consequent events

Wind

Precipitation

Temperature

Extreme weather
Hot spot - regions: Where does it
General: What is the influence of the EWE on the operations?
event (EWE)
happen?
Heat
Central Europe and southern
Softening, rutting and cracking of particular asphalt pavements
periods
Scandinavia not used to heat yet
Frost
periods

Pot holes and cracking of badly maintained pavement in particular Non-mountainous regions in central,
on local roads
eastern and southern Europe

Extensive
Possibly additional traffic control
fog
RainInundation and damage of roads and drainage systems, traffic
falls
control
Snow

Additional winter maintenance expenditure

Drought

no hot spots

Storms

Removal of falling trees and objects on roads

Storms
surges
Wild
fires
Floods/
Flash floods
Landslides/
Mudflows
Avalanches

Inundation and washing away of roads and bridges across larger
areas
Cracking of road pavements, Energency traffic control, evacuation
and clearing of roads.
Inundation and damage of roads alongside rivers and coasts, traffic
control and emergency management

All over Europe
All over Europe
Non-mountainous regions in central,
eastern and southern Europe

Northhern and west-central Europe;
some impacts across all Europe
region along the atlantic coast
Mediterranean area, southern
France
All Europe

Damage and cleaning of roads

Mountainous regions

Blockage of roads, snow removal; problematic in unprepared
regions

Mountainous regions

239

WEATHER D4: Adaptation Strategies

Table A-2:

without consequent events

Consequent events

Wind

Precipitation

Temperature

Extreme weather
event (EWE)
Heat
periods
Frost
periods
Extensive
fog
Rainfalls
Snow
Drought
Storms
Storms
surges
Wild
fires
Floods/
Flash floods
Landslides/
Mudflows
Avalanches

Hot spots for rail infrastructure
General: What is the influence of the EWE on the operations?
old infrastructure and/or bad maintenance in regions with less hot
periodes in the past
in most cases in connection with bad maintenance of swithes (UK
??)

Hot spot - regions: Where does it
happen?
Great Britain, Romania
Italy, Romania, Poland, Hungary

no hot spots
infrustrcuture anlong rivers with old (not maintained) or not existing
dams
regions not used to much snow (non Alpine Regions, non nordic
regions)
no hot spots
infrustrcuture with bad maintenance of vegetation along the
infrastructure, electrified railway net work

no specific region
Germany, Italy, West and South
parts of France
no specific region

costal regions

region along the atlantic coast

south of Europe

Portugal, Spain, Greece, South of
France

infrustrcuture anlong rivers and costs

no specific region

Montainous regions

Alpine region

Montainous regions not used to this phenomenon and therefore
avalanche protection systems do not exist

Apennin

For inland shipping drought, floods/flash floods and ice are particularly relevant
extreme weather events, which predominantly occur in certain regions of Europe.
These hot spots were summarized in Table x-x.
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Table A-3:

without consequent events

Consequent events

Wind

Precipitation

Temperature

Extreme weather
event (EWE)
Heat
periods
Frost
periods
Extensive
fog
Rainfalls
Snow

Drought

Storms
Storms
surges
Wild
fires

Hot spots for inland waterway infrastructure
General: What is the influence of the EWE on the operations?

Hot spot - regions: Where does it
happen?

no specific damage (unless it leads to drought)

Middle/ East/ South Europe

no specific damage (unless it leads to ice)

North/ Middle/ East Europe

invisibility, leading to disruption and delays

no specific region

no specific damage (unless it leads to floods)

no specific region

no specific damage

Middle/South Europe

1) Low water levels cause a decrease of load factors which lead to
more traffic (more ships necessary); less transport capacity
Upper) Rhine, (Upper) Danube
available since vessels cannot be loaded to their maximum
2) Water levels have an impact on the freight price per ton (due to t
Traffic delays and disruptions

no specific region
region along the atlantic coast,
North Sea

Traffic delays and disruptions
not applicable

1) Causing high water levels and possibly resulting in lack of bridge
clearance and, if critical values are exceeded, in a disruption of
Floods/ traffic;
Flash floods 2)Water levels have an impact on the freight price per ton (due to
the changes in load factors)
3) Navigation
Landslides/
not applicable
Mudflows
Avalanches not applicable
1) Damage to the technical equipment (logs etc.)
Ice
2) Unavailability of the infrastructure in extreme cases
3) Increased operation costs (fuel etc.)

241

the Mediterranean coast, the dyked
areas of the Netherlands, the
Shannon callows in central Ireland,
the north German coastal plains,
the Rhine, Seine and Loire valleys,
some coastal areas of Portugal, the
Alpine valleys, the Po valley in Ital

Northern-Eastern parts of Europe,
Danube, Rhine and Main rivers
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Table A-4:

without consequent events

Consequent events

Wind

Precipitation

Temperature

Extreme weather
event (EWE)

Hot spots for maritime infrastructure
General: What is the influence of the EWE on the operations?

Hot spot - regions: Where does it
happen?

Heat
periods

no specific damage can be expected. However, a long lasting heat
can cause some IT failures in those cases where the cooling of the
electronic systems used in automatisation of the cargo handling
operations at harbour terminals are not adequate to withstand
high temperatures in those regions where high temperatures were
not common in the past. If port is heavily trafficked, melting of
asphalt on port roads or even some problems on badly maintained
rail private sidings might occur.

More typical for coastal regions of
Mediterranean Area, Central Europe
East (seaports for Bulgaria,
Romania & Northern Turkey);

Frost
periods

Frost and ice might hinder a normal port functioning due to bad
maintenance of swithes on private siding railtracks in the harbours;
exposed water suply pipelines might not work properly; de-icing of
More typical for Scandinavia/Baltic
access roads might be needed; If the port is located on a streaming
States
river, which was frosen in the hinterland, the floating huge blocks of
ice might pile up on the navigation paths of the port bringing
damage to infrastructure and navigation.

Extensive
no hot spots in general.
fog
No specific damage can be expected, if water collection sewage
Rainsystem at the port works properly and is capable enough to cope
no specific region
falls
with huge amounts of water
In heavy snow cases, port buildings with a flat roof contructions (i.e.
Snow
port production areas ec) might not be strong enough to withstand no specific region
the heavy weight of the snow and can breake-down
Drought no hot spots in general for maritime infrastructure. However, the falling water levels on the access by
Depending on the severity of a storm, accidents might accur
Storms causing infrastructure damage hindering navigation and port
Atlantic cost and British Islands
operation
To prevent a rising of water level at the port, the port gates from the
Storms
Atlantic cost and British Islands,
sea side might be closed, what has an effect on port operation
surges
Northern Baltic coastal areas
rather than to infrastructure
Wild
no hot spots in general for maritime mode
fires
Floods/ flooding has an larger effect on port operation rather than on
Regions with water connections to
Flash floods infrastructure
hinterland
Landslides/
no hot spots in general for maritime mode
Mudflows
Avalanches no hot spots in general for maritime mode

A1.2: Vehicle Technology and Operations
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Table A-5:

Hot Spot matrix for road operation

Consequent events

Wind

Precipitation

without consequent events

Temperature

General

Hot spot - regions

Heat
periods

Slightly increased accident rates, additional
energy demand for air conditioning

Central Europe and southern Scandinavia not
used to heat yet

Frost
periods

Slow driving, increased bus less severe crashes
due to ice (onset of winter), additional energy
demand for vehicle heating

Non-mountainous regions in central, eastern
and southern Europe

Extensive
fog

Slow driving, possibly additional crashes (but with
reduced severity)

All over Europe

Rainfalls

Slow driving , increase crash rates due to nonadopted driviing behaviour

All over Europe

Snow

In case of insufficient winter maintenance
extremely reduced cpacity and maximum speeds

Non-mountainous regions in central, eastern
and southern Europe

Drought

no hot spots

Storms

Omission of trips, risk of crashes due to falling
objects

Northhern and west-central Europe; some
impacts across all Europe

Storms
surges

Vehicle damages, slow driving and large-scale
detouring

region along the atlantic coast

Wild
fires

Cracking of road pavements, Energency traffic
control, evacuation and clearing of roads.

Mediterranean area, southern France

Floods/
Flash floods

Washing away of vehicles, danger for health and
life, large scale detouring, omission of trips

All Europe

Landslides/
Mudflows

Accidents, detouring, reduced capacity

Mountainous regions

Slow driving, detouring, acciddents

Mountainous regions

Avalan
ches

243

WEATHER D4: Adaptation Strategies

Table A-6:

Hot Spot matrix for aviation operation

Consequent events

Wind

Precipitation

without consequent events

Temperature

General

Hot spot - regions

Heat
periods

Less turbine efficiency, reduced payload: Longterm shift of tourist destinations from
mediterranean to northern countries

Mediterranean area

Frost
periods

Super-cooling of fuel; energy for heat-up, time
losses / costs for de-icing

UK, Central Europe west / east

Extensive
fog

Navigation / safety in particular for general aviation British islands / central- and southern Europe

Rainfalls

Navigation / safety in particular for general aviation

All Euroöpe, particularly North Atrlantic,
central west

Snow

Delays due to de-icing, runway servicing or airport
British islands / central- and southern Europe
closure; passengers stranded at airports overnight

Drought

Only indirect impact through the possible shift of
tourist flow from meterranean areas to central and
northern Europe

Long-term negative for mediterranean area,
possible compensation by positive impacts
for central and northern European airports.

Storms

Moderate safety problems

North Atlantic, Europe West

Storms
surges

No specific impacts - disturbance of landing and
take-off at affected airports

Locally and temporally very limited

Wild
fires

No specific impacts

Floods/
Flash floods

No specific impacts

Landslides/
Mudflows

No specific impacts

Avalan
ches

No specific impacts

244

WEATHER D4: Adaptation Strategies

ANNEX B: Standard Reporting Forms (SRFs)
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B.4: SRFs for Transpot Planning

Measure

4101: Avoiding urbanisation of areas at risk

Sector

PLG

Land Use and Road network planning

Mode

All

Road network

Hazard

All

All hazards, including rain, floods and mass movements

Area

All

General measure for all hazards

Impact

Urbanised areas, especially with higher density

Benefits

2

High potential of reducing the damage

Flexibility

2

An undeveloped area can be developed by future
generation, thus quite flexible

Feasibility

1

Rather difficult to implement in practice because of land
utilisation interest of developers and public bodies

Wider impact

+3

Development path with high degree of sustainability

Costs

0

this measure would cause no extra direct costs

Detailed
description

Urbanising land always goes along with constructing road
infrastructure. At areas of risk, such as along rivers, planning
measures can be undertaken to prevent any kind of urbanisation,
such as implementing a ―Hazard check as part of the building
permission. In practise the enforcement will be very difficult on the
local level, because strong economic interests are often higher
weighted than the possible danger as a consequence of extreme
weather events.

Transferability

Can be transferred to rail, all regions and all types of hazards

Sources

Camagni et al 2002

Details

Assessment

Characterisation

B.4.1: General land use and spatial planning
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Details

Assessment

Characterisation

B.4.2: Road network planning

Measure

4201: Shifting of road alignments beyond areas at risk

Sector

PLG

Land Use and Road network planning

Mode

Road

Road network

Hazard

All

All hazards, including rain, floods and mass movements

Area

All

General measure for all hazards

Impact

All Networks

Benefits

2

hazard can be reduced to a certain extend, focal points of
future hazards not always known

Flexibility

0

Network planning is inflexible by nature; costly to adapt

Feasibility

1

Difficult to shift a road, which already exist; only in case of
new planning

Wider impact

0

Depends on the local situation: might result in more careful
planning processes, but road can also be located inefficiently

Costs

High

If we consider that space is rare and expensive in urbanised
areas

Detailed
description

For roads in endangered areas it is one option to find another route,
so that the road alignment can be shifted over middle or long term.
For planning of new road, the element of local vulnerability to weather
extremes need to be considered within a life cycle cost benefit
analysis.

Transferability

Can be transferred to rail and his applicable to all types of hazards
and all regions.

Sources

Heck, Bobinger 2006
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Details

Assessment

Characterisation
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Measure

4202: Road alignments with less land consumption and more
effective utilisation of existing infrastructure

Sector

PLG

Land Use and Road network planning

Mode

Road

Road network

Hazard

All

All hazards, including rain, floods and mass movements

Area

All

General measure for all hazards

Impact

All Networks

Benefits

1

Only little effect on reducing the hazard

Flexibility

0

Network planning is inflexible by nature; costly to adapt

Feasibility

1

There are a number of other criteria for road alignments

Wider impact

+2

Space can be utilised more efficiently

Costs

0

Compared to standard planning, this measure would cause
no extra direct costs

Detailed
description

Generally, Infrastructures such as roads, has to be designed in a
efficient way for maximal capacity utilisation by occupying least
space. In case of damage, less investment is necessary to rebuilt the
infrastructure. Additionally measures, such as ITS, should be
undertaken the increase the road capacity.

Transferability

Can be transferred to rail and his applicable to all types of hazards
and all regions.

Sources

Heck, Bobinger 2006
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Measure

4102: Concepts of removing the hard surfaces that are covering
the ground/ land rehabilitation program

Sector

PLG

Land Use and Road network planning

Mode

All

Road network

Hazard

Rain

Rain and floods

Area

All

General measure for all hazards

Impact

Urbanised areas

Benefits

1

By implementing the hazard of floods can be partly reduced

Flexibility

2

By the measure the area is transferred to a more natural
state, which offers a high degree of flexibility

Feasibility

1

Quite difficult to implement, because most settlement areas
and roads need to be covered with hard surfaces

Wider impact

+2

Positive impact on health, micro climatic conditions and
urban landscape

Costs

Middle

Depending in which extent this measure would be
implemented

Detailed
description

Urban areas are sealed with concrete and asphalt to a large extend
including the roads. This accelerates the dangers of flooding in urban
areas. Not all of the roads need to be constructed with high building
standards, and land rehabilitation programs and foresting measures
could also help to slowdown the water by infiltration. However, there
is little leeway to remove the hard surfaces in higher density urban
areas.

Transferrability

Transferable only between urbanised areas

Sources

Geiger et al (2010)

Details

Assessment

Characterisation
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Details

Assessment

Characterisation

B.4.3: Rail infrastructure planning and climate change: the RFF case study

Measure

4301: Methodology for including climate change impacts for
railways planning

Sector

PLG

Mode

Rail

Hazard

RF SH
HD FS

Area

FR

Impact

Infrastructure asset

Benefits

3

Flexibility

2

Feasibility

1

Wider impact

+1

Costs

n.a.

Detailed
description

The methodology has been tested and designed for the Aquitaine
area – Bordeaux -. Three main railways lines of this region have been
taken as reference. It is planned that similar studies will be conducted
for all coastal regions – depend of first results and budget allocation -.
The methodology includes the development of a tool (decision
support system) to be implemented on new RFF projects and for the
most vulnerable segments of the railway network

Transferability

Good transferability

Sources

Brunet, S. (2010) ―Rail infrastructure answer to extreme weather
event : a first French study‖, presentation made at the First
WEATHER Workshop in Brussels, available at : http://www.weatherproject.eu/weather/inhalte/Vulnerability_Workshop_Sept10.php

Rail (excluding urban rail)

100 M€/railway line. Costs for improvement and design the
line in a climate change proof. Five extreme events are
tested (rainfall, heat wave, cool wave, hurrican and flooding)
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B.1: SRFs for Infrastructure Technologies

Details

Assessment

Characterisation

B.1.1: Road infrastructures

Measure

1101: Prediction of future climate conditions with focus on
roads

Sector

INF

All roads

Mode

Road

Road

Hazard

All

Area

EU

Impact

The entire European road network

Benefits

2-3

Flexibility

n.a.

Feasibility

1-2

Many researches on climate change have been done
recently. However, predictions depend on many factors
which are difficult to estimate.

Wider impact

+3

Climate predictions are beneficent not only for transportation

Costs

n.a.

Detailed
description

To choose proper adaptation strategy, precise predictions of climate
conditions are needed.
Local conditions close to roads are especially important. Installation
of sensors near to roads would be beneficent (Project IRWIN).

Transferability

Improved climate models can be probably used for regional
predictions in other areas.

Sources

Project IRWIN, [Ptal], many climate prediction models

Precise predictions are the base of adaptation strategy and
help to chose proper measures.
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Measure

1102: Polymeric pavement materials and fibre-reinforced concrete
overlays

Sector

INF

All roads

Mode

Road

Road

Hazard

HD

Primarily heat; frost-resiostance to be considered

Area

EU

Impact

The entire European road network

Benefits

1-3

Depend on the new technology and materials used in the
construction.

Flexibility

2-3

Some materials, for example used maintenance, can be very good
adapted to changing conditions.

Feasibility

1

Normally, it depends on cost of new materials.

Wider impact

-1 to
+2

Depend on materials.

Costs

n.a.

Proper construction materials should be chosen taking into
consideration cost effectiveness.

Detailed
description

Most important new construction materials and technologies:
- new, heat-resistant paving materials
- more common use of polymer-modified bitumen
- improvement in pavement technology
- using polymeric grids to avoid rutting
- using materials on the surface which reflect solar radiation
- polymeric and other non conventional aggregate treatments
- rubber addition to asphalt
- ultra-thin, fibre-reinforced concrete overlays and special micro-surfacing
- using new additives for asphalt pavements
- fibre reinforcement
- more common use of porous asphalt
- foam bitumen stabilisation
- materials with higher thermal conductivity
- geosynthetics
- using drainage materials that can be easier inspected and maintained
Detailed description are available in section 4.2.4 ―Assessment of suitable
adaptation measures‖.

Transferability

Depending on the new technology and materials used in the construction,
most of new construction technologies and materials can be used in all
European regions, some, for ex. light-coloured stones, are cost-effective only
in some regions because of limited availability.

Details

Assessment

Characterisation
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Sources
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Measure

11.03: Flexible road pavament design standards taking into
account climate change

Sector

INF

All roads

Mode

Road

Road

Hazard

All

Area

EU

Impact

The entire European road network

Benefits

3

Damage and deterioration can be reduced significantly if
future conditions will be considered in the design process.

Flexibility

2-3

The design methods itself can be easy adapted to changing
conditions. However, the infrastructure, once built, can be
adapted only through maintenance works.

Feasibility

2-3

Wider impact

+2

Efficient use of resources

Costs

n.a.

Costs of improvement of design methods are low, compared
to possible advantages.

Detailed
description

Proper design of pavements reduces the vulnerability of roads.
According to most researchers, to take into consideration future
conditions, current design methods have to be changed.

Transferability

Improved design methods can be easy implemented in other regions.

Sources
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Measure

1104: Maintenance of pavements

Sector

INF

All roads

Mode

Road

Road

Hazard

All

Area

EU

Impact

The entire European road network

Benefits

2-3

Depending on kind of maintenance works

Flexibility

3

Intervals between maintenance works are short enough to
react to changing conditions.

Feasibility

2

Due to limited budget, maintenance works are often
postponed.

Wider impact

+2

Safety improvement, better road appearance, lower
mechanical wear of vehicles

Costs

n.a.

Depending on maintenance works needed

Detailed
description

Due to [Adesiyun, 2010], a delay in maintenance works leads to
serious financial consequences.
The service life of pavements can be extended through proper
maintenance. Pavements in good condition are less vulnerable to
negative influences.

Transferability

Maintenance technology can be easy adapted to other regions.

Sources

[Adesiyun, 2010]

Details

Assessment

Characterisation
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Measure

1105: Climate senstive road allignment planning

Sector

PLG

All roads

Mode

Road

Road

Hazard

All

Area

EU

Impact

The entire European road network

Benefits

1-2

Proper planning at the level of networks helps to avoid
vulnerable areas.

Flexibility

0

Road networks are designed for many years and changes
are difficult.

Feasibility

1

Vulnerability to extreme events is only one of many factors
that have to be considered within the design process.

Wider impact

n.a.

Depending on changes needed to reduce the vulnerability. In
some cases, longer routes would be needed to avoid
vulnerable areas. As a result, costs of transport and negative
impact on environment may increase.

Costs

n.a.

Costs are low when new roads are planned. However, costs
of construction of longer routes are significant. Moreover,
replacing of existing roads is often not possible due to high
costs.

Detailed
description

Taking into account climate change at the level of network planning
has strong limitations. Roads have to be build where they are
needed. However, climate change has to be considered within the
design process.

Details

Assessment

Characterisation
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Transferability
Sources

[Culp, 2009], [Doll, 2011]
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Measure

1106: Adequate design and maintenance of bridges and tunnels

Sector

INF

All roads

Mode

Road

Road

Hazard

All

Especially RF, HD, SH

Area

EU

Impact

The entire European road network

Benefits

1-3

Depend on factor of safety that is used during design

Flexibility

1

Adaptation of existing constructions possible only through
changes in construction (reinforcement)

Feasibility

1-3

Wider impact

0

Costs

n.a.

Detailed
description

Increase of impact of extreme events has to be considered. It is
possible, that due to climate change, maintenance works will have to
be done more frequently.
To avoid catastrophes, it is recommended to compare the predicted
impact of future extreme events to current and past design codes.

Details

Assessment

Characterisation
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Transferability
Sources

[Tegethof, 2011]
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Details

Assessment

Characterisation
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Measure

1107: Improvement to stability of slopes and embankments

Sector

INF

All roads

Mode

Road

Road

Hazard

RF

Area

EU

Impact

The entire European road network

Benefits

2-3

Stability of slopes and embankments has to be guaranteed
to avoid catastrophes. However, not every landslide can be
predicted.

Flexibility

1

Depending on the technique used for stabilization

Feasibility

1-3

Wider impact

0

Costs

n.a.

Detailed
description

The stability of slopes can be improved by protective vegetation,
proper drainage, usage of adequate construction materials, and
appropriate maintenance.

Depending on the technique used for stabilization

Transferability
Sources

[Tegethof, 2011] [NRC, 2008]
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Measure

1108: Vegetation management along roads

Sector

INF

All roads

Mode

Road

Road

Hazard

All

Area

EU

Impact

The entire European road network

Benefits

1-2

Reduction of traffic obstructions, stabilisation of slopes

Flexibility

1

Vegetation has normally a long grow phase. For this reason
it is not easy to react to changing conditions.

Feasibility

1

Wider impact

-1 to
+2

Costs

n.a.

Detailed
description

The most important aspects of vegetation management are:
- cutting down of trees that may pose a problem
- choosing the proper vegetation
- removing of the vegetation close to the pavement
- planting of vegetation to stabilize soil.

Details

Assessment

Characterisation
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Cutting down of trees cause positive impact on safety on
roads. However, the negative impact on environment should
be considered.

Transferability
Sources
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Details

Assessment

Characterisation
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Measure

1109: Sealing of unpaved roads and other measures in
permafrost regions

Sector

INF

All roads

Mode

Road

Road

Hazard

Temperature increase in Nordic regions

Area

SC

Permafrost regions

Impact

n.a.

Benefits

n.a.

Flexibility

1

Feasibility

n.a.

Wider impact

+1to
+2

Dust reduction and better transportation quality in case of
sealed roads

Costs

n.a.

Sealing of unpaved roads is very expensive

Detailed
description

Most important measures in permafrost regions are sealing of
unpaved roads, using of insulation in the road prism, crushed rock
cooling systems, and stabilizing of embankments.

Transferability
Sources

[NRC, 2008], [Culp, 2009]
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Measure

I1110: nstallation of monitoring systems combined with effective
communication to users

Sector

INF

All roads

Mode

Road

Road and protection infrastructure

Hazard

All

Especially RF

Area

EU

Impact

The entire European road network

Benefits

2-3

Flexibility

3

Feasibility

2-3

Feasible at least for main roads

Wider impact

+2 to
+3

Make possible to deliver information of traffic obstruction
caused by other reason than extreme events (ex. road
accidents), depending on the kind of monitoring system

Costs

n.a.

Detailed
description

Installation of cameras and sensors

Transferability

Easy implication for all modes and regions

Economic consequences of traffic obstructions can be
minimized

Sources
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Measure

1111: Proper design and maintenance of drainage

Sector

INF

All roads

Mode

Road

Road

Hazard

RF

Area

All

Impact

The entire European road network

Benefits

2-3

Most of flash floods can be avoid through proper design and
maintenance of drainage. However, it is not possible to
prepare the infrastructure for every extreme event.

Flexibility

2

Changing conditions are easy to consider because
maintenance has to be done frequently. In contrast, drainage
system is designed normally for more than 20 years.

Feasibility

1-2

Wider impact

1-2

Especially in urban areas, a proper drainage system helps to
avoid flash floods in surrounding areas.

Costs

n.a.

Depend on drainage system needed

Detailed
description

According to most experts, flash floods can be avoided through
proper and scheduled maintenance of drainage. In some regions,
where intensive precipitations are likely to increase, an upgrading of
drainage should be considered. However, according to [Schmitt
2006], the upgrading is not always necessary.

Transferability

n.a.

Sources

For example [Hanson, 2010], [Hellman, 2010]

Details

Assessment

Characterisation
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B.1.2: Rail infrastructures
The following tables present the assessment of suitable adaptation measures by the
use of the developed standard reporting form. The information in this forms
complements the short description of the selected measures in chapter 4.3.4.
## some information (especially on costs is still missing). These parts are marked with
## in the tables. Research on this field is ongoing. Experts on the topics are contacted
again. First round of contacts lead to the conclusion that (average) information on costs
is rather not available. Reason is the high divergence between detailed type of
measure and between different type of infrastructure.
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Measure

1201: Switch protection
Protection of Switches against snow and ice by the help of brushes,
heating and/or covering

Sector

INF

Rail infrastructure - switches

Mode

Rail

All modes using rail tracks outside of tunnels (rail, light rail, trams)

Hazard

FS

Huge snow and/or extreme cold with ice formation

Area

SC ME
EA AL

All northern regions and all mountainous regions (the more south the
higher altitude)

Impact

Reduction of rail delay in winter; on average about 200 to 400 switches per
100km of rail network; increased electricity consumption due to heating
(average power 12 kw per switch for a conventional heating system)

Benefits

2

if all possibilities (heating, covering, brushes) are merged
malfunctions of switches can be reduced seriously, Problem:
malfunction of heating system can occur (this malfunction can be
reduced by combining the heating with covering and/or brushes)

Flexibility

3

Once implemented measure is in use when ever necessary.
Implementation only of one of the three described possibilities –
complementation of the other possibilities possible at any time

Feasibility

1

Brushing, covering and heating of switches is a very brought
measure (due to the fact that many switches exist)– many ―small‖
actions are necessary – very time consuming

Wider impact

0

More or less no impact than protecting the switch except: increased
electronic power consumption due to heating leads to increasing
CO2 (depends on mixture of power generation) no other side effects

Costs

50€/day
energy
costs
per
switch
for
heating

Cost depend on number of switches of a railway network and (in
case of heating) days per year with necessity to heat the switches.
Actual power supply costs around 20ct/kwh this leads to about
50€/day energy costs per switch for heating.

Detailed
description

Brushes are assembled along the track at the switches. The train crossing the
switch with the brushes produces an airflow caused by the brushes. This airflow
clears the rail from snow.
Heating elements are assembled nearby the neuralgic parts of the switches and
heat the rail up to 10 °C. This melts the snow
Covers have two aims: to keep the heat (produces by heating elements) and to
prevent snow filling snow for the rod transmission

Transferability

Good regional transferability – measure is possible in all regions if necessary in
future. No transferability to non rail track modes and to other hazards.
Implementation strategy can be used also for implementation of cooling
systems (e.g. for signals) due to similar frequency (number of heating or cooling
systems to be installed in the respective network)

Sources

http://uic.org/forms/IMG/pdf/101_factsheet_switches_and_crossings.pdf
http://www.ihk-schleswigholstein.de/linkableblob/808924/.5./data/Huettmann_Dr_Stephandata.pdf;jsessionid=41395B7E93A8A2C2838F714C18C6A010.repl1
DB-Netz, ÖBB-Infrastructure, SBB

Details

Assessment

Characterisation

WEATHER D4: Adaptation Strategies

263

Measure

1202: Pile construction (for buildings with technical equipment)

Sector

INF

Buildings – especially buildings with electronic
equipment such as railway control centre

Mode

Rail

All rail modes (rail, light rail, tram)

Hazard

RF

Flood

Area

All

All regions near rivers and coasts

Impact

Reduction of damage costs, speed up of reconnection if rail track is
only destroyed less. On average about 15 railway control centres per
100km of rail network but not all centres within vulnerable zones, no
additional operation and maintenance costs

Benefits

2

Reduction of damage costs and speed up of
reconnection if rail track is only destroyed less, rail track
its self gets no additional protection

Flexibility

0

Piles have there fixed high. If flood probability
decreases piles are still there and if expected height of
flood increases, piles have to be rebuilt completely

Feasibility

1

For new buildings this measures is very easy to
implement. Existing building need to be rebuilt.

Wider impact

0

No other effects on nature, society etc.

Costs

€ 5.000,.
/pile
investment
costs

Operation and maintenance costs are rather similar to a
building not constructed on piles. Additional costs of a
building on piles depend on the dimension of the
building (the bigger the building the more piles are
necessary). Railway control centres (for them such pile
constructions are most relevant) are rather small –
therefore additional investment costs are rather low per
control centre. Total Costs also depend on number of
control centres of a railway network.

Detailed
description

Buildings with technical equipment necessary for the functioning of
the railway system and with rather high investments costs are
protected against flood by building them on piles. Such buildings are
in many cases not rather big – the pile construction is therefore rather
easy. The implementation of the measure is only possible if the
building is built new. It is rather not possible to give existing buildings
this new position on piles.
Most relevant buildings of the railways for such a constructions are
the railway control centres.

Transferability

Modes that need buildings for operation can protect their building by
this measure (e.g. air)

Sources

Spirk & Partner (2007): Hochwasser March 2006, ÖBB Infrastruktur
Bau, Strecke 114. Wien Nord – Bernhardstal nach Staatsgrenze, km
40,5 –53,3 Schadens- und Sanierungsbericht, Stand 31.10.2007
DB-Netz, ÖBB-Infrastructure, SBB

Details

Assessment

Characterisation
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Measure

1203: Cooling and installation of fans

Sector

INF

Signals and electronic equipment

Mode

Rail

All rail modes

Hazard

HD

Extreme heat leading to malfunction of electronic equipment

Area

IP FR
MD
EA

Today south regions of Europe (south of alps) are the focus, but
increasing problems north of Alps until 2050

Impact

Reduction of malfunction of signals and other electronic equipment leads to
reduction of delays in heat periods; on average 600 signals per 100km rail
network, but not all signals need a cooling (due to different sensibility against
heat) increased electronic power consumption due to cooling (## kw per
cooling system)

Benefits

3

If signals and electronic equipment are kept at constant
temperature, malfunctions due to heat can be abolished

Flexibility

2

Adaptation to changing condition is rather easy. Cooling system
can work on different necessary levels of cooling and can therefore
react on changing temperatures in future.

Feasibility

2

Based on a research which electronic equipment is vulnerable to
what temperatures installation of cooling system can be
implemented in a strategic way

Wider impact

0

Increased electronic power consumption due to cooling leads to
increasing CO2 (depends on mixture of power generation); no other
side effects

Costs

€/unit

##
Costs depend on number of signals (and other relevant electronic
equipment that has to be cooled) of a railway network and number
of days per year where cooling is necessary.

Detailed
description

Electronic equipment like electronic signals and others tend to malfunctions
during longer high heat periods. A cooling system or fans that are able to
cool the respective devises have to be located at these devises to avoid
overheating of the electronics. Functioning electronic systems (especially
signals) enable a proper operation of trains.

Transferability

Good regional transferability, measure is possible in all regions if necessary
in future. Infrastructure of all modes need electronic equipment -> knowledge
for cooling of signals can be transferred to other modes. Implementation
strategy can be used also for implementation of heating systems (e.g. for
switches) due to similar frequency (number of heating or cooling systems to
be installed in the respective network)

Sources

Arbeitspapier zur Vorbereitung des Stakeholderdialogs zu Chancen und
Risiken des Klimawandels – Verkehrsinfrastruktur – Dialoge zur
Klimaanpassung Verkehrsinfrastruktur, 2009
Impacts of Climate Change and Variability on Transportation Systems and
Infrastructure: Gulf Coast Study, Phase O – U.S. Climate Change Science
Program Synthesis and Assessment Product 4.7, 2008
DB-Netz, ÖBB-Infrastructure, SBB
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Measure

1204: Increase of (preventive) maintenance activities

Sector

INF

All infrastructure elements including standard and adaptations infrastructure
elements

Mode

All

this measure is adequate for all modes

Hazard

All

A functioning infrastructure and functioning adaptation infrastructure
reduces the vulnerability against all weather extremes

Area

All

Maintenance improves vulnerability situation in all regions

Impact

The whole European transport infrastructure network; reduced malfunction of the
infrastructure system, reduced destroyed infrastructure due to extreme weather events

Benefits

2

Functioning transport and protection infrastructure is the key to reduce the
negative effects of weather events. But of course also a complete
maintained transport system is still vulnerable to hazards.

Flexibility

3

Maintenance can be adapted very flexible to changing situations because
this a regularly done work that can be changed easily compared to a new
infrastructure measure for protection that is built for several years of use.

Feasibility

2

In principal maintenance is easy to implement because it is foreseen
anyway at the implementation of the infrastructure. But budget restriction
very often lead to the use of the money foreseen for maintenance for other
intentions

Wider impact

+1

In many cases infrastructure protection protects also others (like towns,
agricultural land etc.). An adequate maintenance improves the protection of
these non infrastructure parts. Maintenance costs on the short run but
extends the life expectance of the infrastructure which reduces life cycle
costs (on the long run) – this leads to positive budget effects for future
generations.

Costs

n.a.

Costs depend on the infrastructure (or part of infrastructure) to be
maintained and the level of maintenance that is actually in use. Rail
infrastructure maintenance is driven by the passenger/freight ratio, the
number of tracks, the number of trains per period, the geographical situation
and other factors. An average estimation is rather not possible.

Detailed
description

Maintenance includes many different possibilities to reduce infrastructure vulnerability
that is caused by infrastructure in bad condition. Some examples:
Maintenance of rail track (including replacement in time) reduces rail buckling during
heat periods.
Maintenance of embankments and drains guarantees the functioning of these systems
if heavy rains or floods occur.
Frequent inspection of bridges (especially corrosion) reduces damage and destruction
risk due to heavy rains

Transferability

As stated above increased maintenance is useful for all modes all regions and helps
for protection against all hazards

Sources

Natural Disasters in Australia – Reforming mitigation, relief, and recovery
arrangements; A report to the Council of Australian Governments by a high level
officials‘ group, August 2002
Impacts of Climate Change on Transport and Adaptation in Asia – Madan B. Regmi
and Shinya Hanaoka, 2009

Details

Climate Adaptation of Railways: Lessons from Sweden – Johan Lindgren, Daniel K.
Jonsson, Annika Carlsson-Kanyama, 2009
Adaptation Investment Strategy for existing road network: presentation at the 3rd
weather workshop – Michel Ray; May 2011
Railways facing the challenges of climate change and extreme weather conditions:
presentation at the 3rd weather workshop - Alex Veitch, Enno Wiebe, May 2011
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Measure

1205: Vegetation management along rail tracks

Sector

INF

Vegetation along the rail tracks

Mode

Rail

Interurban rail tracks

Hazard

SH
HD
RF

Vegetation has different effects on rail infrastructure: on the
one hand it can protect against mass movements
(avalanches and land slides) and on the other hand it is a
risk for the infrastructure (falling trees caused by storm,
burning vegetation caused by heat in combination with
drought and flying sparks from the rail)

Area

All

Depends on the addressed hazard (see above)

Impact

Complete (interurban) rail network in Europe (total EU rail network:
ca. 210.000 km)

Benefits

2

Protection forests against mass movements can reduce
damage significant if they are planned in an adequate way.
But from the plant to the full protection its take about 100
years. Protection forests reduce the probability of land slides
due to heavy rain because ground is better stabilised by the
trees and their roots
Low vegetation hinders trees falling on tracks due to storms.
This reduces damage to catenaries considerable (this is the
main damage caused by storms).

Flexibility

1

Vegetation has a certain crow phase before it changes its
protection attributes. A fast reaction to changing conditions is
rather not possible. Forests need a long time before the give
their full protection. Long term analysis and estimate are
necessary to react to changes rather in tme. On the other
way cutting is much easy and reaction can be rather fast.

Feasibility

2

Beside the given less flexibility vegetation management is
rather easy to be implemented.

Wider impact

-1 to
+1

Depends on the measure – planting new vegetations has
positive effects on nature, but cutting trees along railway
lines can lead to reduction of natural tree inventory. This
should be balanced be planting of trees on other places.
Protections forest can also protect others than infrastructure.

Costs

n.a.

Investment and maintenance costs depend on the kind of
vegetation that is needed and therefore depends on the
function that the vegetation has with respect to the
infrastructure protection. A protection forest has higher life
circle costs than a ―normal‖ low vegetation that only has to
be cut regularly to protect the railway against storms.
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Detailed
description

Vegetation has different effects on rail infrastructure: on the one hand
it can protect against mass movements (avalanches and land slides)
and on the other hand it can be a risk for the railway infrastructure in
some weather cases (falling trees caused by storm, burning
vegetation caused by heat in combination with drought and flying
sparks from the rail)
This leads to the necessity to manage the vegetation and decide
case by case what vegetation is proper. This of course depends on
which weather extremes creates high risks for which parts of the
railway network. The following part gives some examples for suitable
vegetation measures for specific weather extremes:
 Wild Fires: very often caused by flying sparks of brakes, low
vegetation with less tendency to run dry, monitoring of
vegetation and its humidity
 Storms: cause either trees falling on tracks and catenaries or in
combination with snow snowdrifts. First problem can be solved
by low vegetation near the rail track (no trees directly along the
track) that has to be monitored and cut regularly. Second
problem can be solved by protection forests. In combination of
both protection forests should start in distance to the rail track to
avoid trees falling directly on the track.
 Mass movements: protection forests with the right choice of kind
of trees that are able to protect against avalanches or land
slides. Type of trees depend also on geographical region of
protection area. For example suitable trees for avalanche
protection in alpine area are spruce, lark and stone pine.

Transferability

Vegetation management can be used for road too. For different
hazards different vegetation strategies exist. Transferability of a
specific strategy is rather not possible. The concept of vegetation
management can be used in all region. The result of this
management (the concrete vegetation and its maintenance) is
difference between regions and not directly transferable.

Sources

Climate Adaptation of Railways: Lessons from Sweden – Johan
Lindgren, Daniel K. Jonsson, Annika Carlsson-Kanyama, 2009
Impacts of Climate Change and Variability on Transportation
Systems and Infrastructure: Gulf Coast Study, Phase I – U.S. Climate
Change Science Program Synthesis and Assessment Product 4.7,
2008
Adaptation Investment Strategy for existing road network:
presentation at the 3rd weather workshop – Michel Ray; May 2011
Österreichische Bundesforste, Bericht zum Geschäftsjahr 2002
Universität für Bodenkultur (BOKU): Sicherheitsstudie
Feuersanglawine, IAN Report 100, im Auftrag der ÖBB-Infrastruktur
Betrieb AG. Wien 2006
ÖBB-Infrastructure – natural desaster management
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Measure

1206: Installation of (automatic) monitoring systems

Sector

INF

Rail track and protection infrastructure

Mode

Rail

All rail infrastructure components (including protection systems)

Hazard

HD

Buckling of rail tracks caused by extreme heat (in many cases in connection
with old bad maintained infrastructure) can be detected in time

FS

Drains and embankments not working probably anymore and therefore not
giving enough protection against heavy rains and flood can be detected in
time

Area

All

Monitoring systems are useful in all regions. Especially addressed hazards
(HD, RF, FS – see above) cover together all European regions.

Impact

Complete (interurban) rail network in Europe (total EU rail network: ca. 210.000 km)

Benefits

2

The in time recognition of malfunctions can hinder accidents (for instance in
case of buckling) because immediate measures can be taken to avoid
accidents and guarantee that protection systems (like embankments and
drains) are working proper in case of a weather event (e.g. flood).

Flexibility

3

Monitoring systems can rather easily be adapted to changing needs and can
be introduced rather fast in additional parts of the network if this is
necessary due to changing weather conditions

Feasibility

2

For the installation no specific pre conditions are necessary. Most of the
railway lines are accompanied with data information systems that can be
used for sending monitoring results to a central monitoring unit. Partly future
technology development is necessary to enable automatic monitoring. Not
all issues to be monitored will be able to be monitored automatically

Wider impact

+1

In many cases infrastructure protection protects also others (like towns,
agricultural land etc.). An adequate monitoring system in cooperation with
the necessary maintenance to repair detected problems and malfunctions
improves also the protection of these non infrastructure parts.

Costs

n.a.

Costs strongly depend on the kind of monitoring system. The more
automatic monitoring procedures are possible the higher are investments
costs but the lower are running costs. Costs also depend on what is
monitored. Monitoring the condition of the rail track of the whole network is
more extensive than monitoring dams that do only exist along critical parts
of the network.

Detailed
description

Detailed description of the measure; determinants of benefits and costs, practical
experiences, ...

Assessment

Characterisation

RF

Details

Monitoring of the condition of assets (such as rail infrastructure and protection
infrastructure) is more or less always a mixture of automatic monitoring components
(such as sensors gauging abnormal deviations from standards) manual tests with
testing equipments .(eg. running a test loco with gauging instruments) and complete
manual test (e.g. visual checks of embankments or drains). Different parts of the
infrastructure need different monitoring methods. The development of new automatic
monitoring systems that can reduce manual monitoring is able to increase the
monitoring itself because automatic system make the monitoring easier and less
expensive.
Transferability

The idea of monitoring systems for detection of malfunction of infrastructure can be
transferred to all modes. But in many cases the detailed system specification for an
automatic monitoring will be rather different for different modes. The same is true for
the transferability between different hazards. Developed monitoring systems can be
implemented in all European regions.

Sources

Railways facing the challenges of climate change and extreme weather conditions,
presentation at the 3rd weather workshop – presentation at the 3rd weather workshop
– Alex Veitch, Enno Wiebe, May 2011
ÖBB infrastructure – natural disaster management
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Measure

1207: Incentives (for responsible stakeholders) and regulations to apply and
maintain adaptation measures

Sector

All

This chapter focuses on IT but measure is useful for all sectors

Mode

All

Incentives and especially regulations should be developed for all modes at
the same level

Hazard

All

Adaptation measures and their maintenance can reduce the risk of all
hazards therefore incentives and regulations in favour of adaptation
measures and their maintenance are relevant for all hazards

Area

All

Since all hazards can be addressed also all European regions are relevant

Impact

Complete (interurban) rail network in Europe (210.000 km), more or less the whole
European population can profit from such regulations

Benefits

2

Incentives and regulations are not the measure itself but they are an
important step towards the realisation of necessary adaptation measures
and their adequate maintenance. Regulations on the European level can
bring the necessary harmonisation and can avoid the shifting of effects from
weather extremes between regions

Flexibility

1

Especially regulations need a long time from the idea until they come in
force. The political decision finding process – especially on the European
level - allows very often no fast reaction on changes.

Feasibility

1

Political decisions always need a decision finding process (see above)
which makes the implementation (sometimes) rather complicated.

Wider impact

+1

Such regulations and incentives lead to an improvement of the decision
finding process regarding new infrastructure. This can lead to the
construction of economic more efficient and useful infrastructure projects.
The reduction of future vulnerability of infrastructure due to improved
planning and decisions reduces future damage to infrastructure and people
with all negative side effects (for operators and users) due to hazards.

Costs

n.a.

The incentives and regulations itself do not cost a lot. Of course the actions
necessary due to the regulation need investments and running maintenance
costs.

Detailed
description

Possible actions in this direction are:
CBA for new infrastructure has to include necessary adaptation measures. This
ensures already at the planning phase that decisions on future infrastructure include
analysis about future risks to weather extremes. This leads to necessary adaptation
measure in the future that have to be realised already during the realisation of the
infrastructure. This inclusion of adaptation strategies in the decision process for new
infrastructure reduces the vulnerability of new infrastructure in the future.

Details

Infrastructure operators should be responsible for damage costs caused by weather
events (contractual issue between state as owner of the infrastructure and public or
private operator of the infrastructure). This leads to more responsibility and more
effective implementation of adaptation measures and a better maintenance of
infrastructure and adaptation assets.
Transferability

As described above all modes, all hazards and all regions are addressed with this
measure. A direct transfer of regulation between countries is not possible due to
different national laws that have to be considered.

Sources

Adaptation Investment Strategy for existing road network: presentation at the 3rd
weather workshop – Michel Ray; May 2011
Relationships between extreme weather and transport disruption presentation at the
3rd weather workshop – Chris Baker, May 2011
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Assessment
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Measure

1208: Protection Forests

Sector

INF

Protection forest to protect rail infrastructure

Mode

Rail, road

Interurban rail tracks

Hazard

FS, RF

avalanches, rock fall, landslides and –slips, soil erosion and
flooding

Area

AL

Especially Alpine region but also other mountainous regions

Impact

Complete (interurban) rail network in Europe (210.000 km), more or less the
whole European population can profit from such regulations

Benefits

2

Protection forests can reduce damage significant if they are planned in an
adequate way. But from the plant to the full protection its take about 100
years. Protection forests reduce the probability of land slides due to heavy
rain because ground is better stabilised by the trees and their roots

Flexibility

1

Vegetation has a certain crow phase before it changes its protection
attributes. A fast reaction to changing conditions is rather not possible.
Forests need a long time before the give their full protection. Long term
analysis and estimate are necessary to react to changes rather in time.

Feasibility

2

AT least the management of already exiting and weil functioning
protection forests is rather easy to be implemented. Recultivation of
demanged forests is also feasibly (no restrains except rather hig
hinvestment costs)

Wider impact

+1

Plnting new vegetations has positive effects on nature.
Protections forest can also protect others than infrastructure and other
areas.

Costs

2

EUR 100 /ha: Forest management ((forster, maintenance, timber
harvesting, hunt)
EUR 50.000 / ha: Recultivation of damanged protection forests

Detailed
description

Protection forests protect building areas, infrastructures and similar against avalanches,
rock fall, landslides and –slips, soil erosion and flooding. The measure is especially
relevant for mountainous regions and will become more relevant in future in high altitude
mountainous regions (Alpine region) where permafrost is melting due to increase of
average temperature. This will lead to a higher movement of material due to missing of
the binding factor of permafrost.
Therefore the maintenance and enlargement of protections forests (partly not only
protecting infrastructure is an important and climate-change relevant measure in the
Alpine region.
One big problem of the forest management in the Alpine region are the high costs, versus
less profit due to difficult working condition in the forests and rather no possibility for
intensive timber harvesting.

Transferabilit
y

Protection forests usually protect not only one infrastructure system but the whole area on
the ffet of the mountain where the forest is protected.

Sources

(http://www.bafu.admin.ch/naturgefahren/01920/index.html?lang=de)
(http://www.waldwissen.net/technik/naturgefahren/wsl_schutzwaldmanagement/index_D
E)
(http://www.schutzwaldverein.at/images/schutzwald.pdf) (35%),
(http://www.bundnaturschutz.de/fileadmin/download/alpen/Zahlen_Fakten_Bergwald_Alpen.pdf)
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B.1.3: Waterborne transport infrastructures

Measure

1301: Construction and maintenance of river groynes (spur dikes)

Sector

INF

Inland waterways infrastructure – river groynes

Mode

Ship

Inland shipping

Hazard

RF
HD

Rainfalls, general floods: the groynes stabilize the river
Drought: the groynes also lead to higher water levels since
they form an obstruction in the river; lowering the groynes
leads to a reduction of high water levels.

Area

BI FR SC
ME EA

Central and Northern Europe

Impact

The primary function is to stabilize the river and maintain a navigable
waterway for river traffic; it is a physical barrier to stop sediment
transport

Benefits

2

The groynes help to maintain a stable river-bed

Flexibility

0

Measure remains in current status once implemented

Feasibility

3

Time consuming and expensive

Wider impact

1

Also protects the shore-line and wetlands

Costs

Ca. 5700
EUR/
metre

a single groyne costs about £5,000 per metre

Detailed
description

A groyne is a rigid hydraulic structure built from an ocean shore (in
coastal engineering) or from a bank (in rivers) that interrupts water flow
and limits the movement of sediment. A groyne may be completely
under water, in which case it is a submerged groyne. Groynes are
generally made of wood, concrete, or rock piles, and placed in groups.
Lowering groynes increases the flow rate of the water in the river and
reduces the obstruction to the water for inland navigation vessels.

Transferability

Groynes are also used in sea-coast protection

Sources

http://www.ruimtevoorderivier.nl/meta-navigatie/english/
http://www.mjanderson.chislehurst.btinternet.co.uk/coastseadefence.htm

Details

Assessment

Characterisation

The following tables present the assessment of suitable adaptation measures for
waterborne transport using the standard reporting form. The information in these forms
complement the short description of the selected measures in chapter 4.3.4.
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Measure

1302: Flood gates

Sector

INF

Inland waterways and maritime infrastructure

Mode

Ship

Inland and maritime shipping

Hazard

RF
SH

Rainfalls, general floods
Storm surges

Area

BI FR SC ME
EA

Central and Northern Europe

Impact

Floodgates are adjustable gates used to control water flow

Benefits

3

Very efficient protection against storm surges

Flexibility

1

Different types of flood gates allow some flexibility;
once implemented the construction cannot be
changed

Feasibility

3

Time consuming and expensive

Wider impact

3

Nature conservation and protection of farmland:
example Oosterschelde: There is a great variety of
life: more than 70 types of fish, 140 types of water
plants and algae, 350 types of animals living in the
water and between 500 and 600 types on the land. is
an important area for birds that are looking for food, or
want to brood or are looking for a place to hibernate.
The the Oosterschelde is a unique saltwater
environment which is also important to mussel and
oyster farming.

Costs

Example
London Flood
Gates

Total construction cost of the London flood gates was
around £534 m (£1.3 billion at 2001 prices) with an
additional £100 m for river defences;

Example of
the
Oosterschelde
storm surge
barrier

The construction of the Oosterschelde barrier
eventually cost 2.5 billion euros. The cost of operation
is €17 million per year.

Assessment

Characterisation
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Detailed
description

1303: General: flood gates are adjustable gates used to control water
flow. There are various types of flood gates:
 Bulkhead gates are vertical walls with movable, or removable, sections.
 Hinged crest gates, are wall sections that rotate from vertical
to horizontal, thereby varying the height of the dam.
 Radial gates are rotary gates consisting of cylindrical sections.
 Drum gates are hollow gate sections that float on water.
 Roller gates are large cylinders that move in an angled slot.
 Clamshell gates have an external clamshell leaf design.
 Fusegates are an innovative spillway control technology, which
consists of free standing blocks (the Fusegates) set side by
side on a flattened spillway sill.

Details

The Thames Barrier is the world's second-largest movable flood
barrier (after the Oosterscheldekering in the Netherlands) and is
located downstream of central London. Its purpose is to prevent
London from being flooded by exceptionally high tides and storm
surges moving up from the sea. It needs to be raised (closed) only
during high tide; at ebb tide it can be lowered to release the water that
backs up behind it.
The nine kilometre-long Oosterscheldekering (kering meaning barrier)
was initially designed, and partly built, as a closed dam, but after public
protest huge sluice-gate-type doors were installed in the remaining four
kilometres. These doors are normally open, but can be closed under
adverse weather conditions. In this way the saltwater marine life behind
the dam is preserved and fishing can continue, while the land behind
the dam is safe from the water.
Transferability

Can be applied in coastal and river engineering; easiliy transferable to
other coastal areas and rivers (Other flood barriers in the Netherlands
can be found in the ‗Hollandsche IJssel‘ and the ‗Nieuwe Waterweg‘)

Sources

http://www.environmentagency.gov.uk/homeandleisure/floods/38353.aspx;
http://www.deltawerken.com/324
US Army Corps of Engineers. (31 July 1995). Engineering manual
1110-2-2607, Planning and Design of Navigation Dams, Chapter 5,
Overview of gate types
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Measure

1304: Depoldering: relocation of a polder land inwards

Sector

INF

Inland waterways infrastructure - depoldering

Mode

Ship

Inland shipping

Hazard

RF

Rainfalls, general floods

Area

BI FR
SC
ME
EA

Central and Northern Europe

Impact

The primary function is to provide more room for the river: the polder is
depoldered so water can flood into the area at high water levels.

Benefits

2

Example of dike relocation at Lent (village near Nijmegen, the
Netherlands): the river Waal will be given more room by
relocating the dike, which protects the village of Lent,
approximately 350 metres land inwards. This will reduce the
water level by 35 cm (in the entire stretch of the river from
Nijmegen to far upstream of the city).

Flexibility

0

Measure remains in current status once implemented

Feasibility

3

Time consuming and expensive

Wider impact

-2

Depoldering may lead to a loss of farmland relocation of
settlements (Example: Overdiep polder in the Netherlands;
Dike relocation and floodplain restoration Rosslauer Oberluch
at the river Elbe in Germany)

Details

Costs

No indication found

Detailed
description

A polder is a low-lying area enclosed by dikes (embankments). Polders
are land re-claimed by pumping or draining the excess water.
Relocating a dike land inwards increases the width of the floodplains
and provides more room for the river.

Transferability

Can be transferred to other river areas that are threatened by frequent
flooding, especially low-lying areas

Sources

http://www.ruimtevoorderivier.nl/meta-navigatie/english/
http://www.ufz.de/index.php?en=11135
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Measure

1305: Construction of storm-surge barrier on the water access
routes

Sector

INF

Maritime coastal defense system against high sea
waters

Mode

Ship

Maritime shipping

Hazard

RF
SH

Flood
Storm surges

Area

All

Estuaries in coastal areas

Impact

A storm surge barrier, which automatically closes when needed,
protects against the high water level threatening from the sea side;

Benefits

2

Protection of port

Flexibility

0

The construction cannot be adapted later.

Feasibility

3

High investment

Wider impact

0

-

Costs

450
million
euro

Cost of the whole construction of Maeslantkering.

Detailed
description

Example of the storm surge barrier Maeslantkering, Netherlands:
The Maeslantkering is a storm surge barrier in the Nieuwe Waterweg
waterway located between the towns of Hoek van Holland and
Maassluis, Netherlands, which automatically closes when needed.
When the Maeslantkering barrier is closed, port city Rotterdam is
protected against the high water level threatening from the sea side.
The movable barrier is made of two gigantic 22 m high and 210 m
wide doors. The closure of the barrier automatically starts when a
threatening water level is approached, i.e. 3 m limit above the NAP
(Normal Amsterdams Peil).

Transferability

Other coastal estuaries

Sources

www.keringhuis.nl

Details

Assessment

Characterisation
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Measure

1306: MOSE System

Sector

INF

Coastal infrastructure – defense from high water

Mode

Ship

Maritime shipping

Hazard

SH

Storm

Area

MD

Italy (Venice)

Impact

Protection of the city of Venice (Italy). the 78 mobile barriers, are
designed to protect the Venetian lagoon from the sea Some critics of
the MOSE system doubt that the MOSE gates will be a sufficient
long-term solution. They suggest to follow "soft" techniques instead,
such as raising street level elevations, and to make further
assessment of sea-level rise to find an updated and wise solution,
more able to cope with foreseeable sea-level change.

Benefits

3

The barriers will stay on the seabed until high tides and
storms are forecast. They will then be inflated, blocking the
sea from the lagoon and effectively reducing high water
levels.

Flexibility

0

The construction cannot be adapted later.

Feasibility

2

Construction is ongoing

Wider impact

0

-

Costs

$2.6
billion
€

The floodgates will take approximately eight years and $2.6
billion to construct. The construction is already underway
and expected to be completed in 2014.

Detailed
description

The measure foresees the construction of 79 mobile underwater
giant steel gates at three lagoon inlets. When waters rises 1.1 meters
above "normal", air will be injected into the hollow gates, causing
them to rise, blocking seawater from entering the lagoon and thereby
preventing the flooding of Venice. The hinged panels, 92-feet wide
and 65-feet high, will be fixed to concrete bases being dug into the
sea bed. When a dangerously high tide is predicted, compressed air
will be pumped into the hollow panels, forcing them to rise on their
hinges, forming a barrier to the waves.

Transferability

Possibly to other cities in similar situation

Sources

Venice Water Authorities, Ministry for Infrastructure and Transport,
Italy

Details

Assessment

Characterisation
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B.2: SRFs for Vehicle Technologies

Details

Assessment

Characterisation

B.2.1: Vehicle technologies

Measure Category

2101: Efficiency and safety: Use of GPS and TMC systems and
Vehicular Communication Systems

Sector

VEH

Mode

Road

All vehicles

Hazard

All

Area

All geographical zones

Impact

Enhance traffic safety and transport system operation efficiency
leading to reduced delays in cases of adverse weather phenomena

Benefits

2

Precise predictions are the base of adaptation strategy and
help to chose proper measures.

Flexibility

3

Technology implemented and used to all hazard categories

Feasibility

3

Already tested systems, although commercial penetration
lags behind

Wider impact

+2

Travel time savings, reduce of accidents

Costs

2

High costs due to low commercial penetration

Description

The aim of these systems is to provide real time information, related
to traffic and weather conditions in order to inform drivers for potential
‗incidents‘, both in term of traffic delays or accidents

Transferability

Solutions and applications easily adopted in all types of vehicles

Sources

Pre-drive-c2x Project, CVIS project
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Details
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Measure Category

2102: Safety increase: Traffic Sign Recognition and Braking
and Stability Control Assistance

Sector

VEH

Mode

Road

All vehicles

Hazard

All

Area

All geographical zones

Impact

Enhance traffic safety in cases of adverse weather phenomena

Benefits

1

Precise predictions are the base of adaptation strategy and
help to chose proper measures.

Flexibility

3

Technology implemented and used to all hazard
categories

Feasibility

3

Already tested systems, although commercial penetration
lags behind

Wider impact

+1

Reduce of number of accidents

Costs

1

Costs relatively high due to low commercial penetration

Detailed
description

The aim of these systems is to assist drivers by automatically
recognizing traffic signs on the road as well as providing vehicle
stability and better control of the vehicle in all emergency braking
cases

Transferability

Applications implemented in all types of vehicles

Sources

Pre-drive-c2x Project, CVIS project
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Details

Assessment

Characterisation

B.2.2: Railway Rolling Stock

Measure

2201: System design solution: snow deflecting covers on bogies

Sector

VEH

Mode

Rail

Hazard

FS

Area

SC

Impact

Assets

Benefits

3

Flexibility

2

Increased availability

Feasibility

3

Easy to mount

Wider impact

+2

No side effects reported

Costs

n.a.

Low maintenance costs

Detailed
description

The cover consists of a hard glossy sheet mounted on a soft rubber
sheet. When the snow presses on the sheet is it bent slightly which
cracks the ice and it falls off via the glossy surface.

Transferability

Low transferability to other modes

Sources

H. Tengstrand, Bombardier Transportation, „Design Trains for Nordic
Winter Conditions – Industry experience, Winter&Railways Workshop
at the World Trade Center. Stockolm, Sweden, May 2001
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Measure

2202: On-Board Units using GSM-R

Sector

VEH

Mode

Rail

Hazard

RF,SH,AT

Area

EU

Impact

Safety, accidents

Benefits

3

Better control of bad weather events

Flexibility

3

Relevant flexibility in changing of weather conditions

Feasibility

2

Necessary technical preparation

Wider impact

3

High expected impacts

Costs

€/unit

€440/unit, of which €360 for investment and R&D, €80
for maintenance and operating

Detailed
description

In the context of ERTMS level 2, the installationof ON-Board-Units
are required. The movement authority is communicated directly from
a Radio Block Centre (RBC) to the onboard unit using GSM-R. The
balises are only used to transmit ―fix messages‖ such as location,
gradient, speed limit, etc. A continuous stream of data informs the
driver of line-specific data and signals status on the route ahead,
allowing the train to reach its maximum or optimal speed but still
maintaining a safe braking distance factor.

Transferability

Potential in testing radio communication devices applicable to other
modes

Sources

ERMTS Benchmark study (UIC, 2009)

Details

Assessment

Characterisation
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Details

Assessment

Characterisation

B.2.3: Urban Public Transport Rolling Stock
Measure

2301: Integrative vehicle concept

Sector

VEH

Vehicle technologies in Urban Public Transport

Mode

UPT

Urban Public Transport

Hazard

All hazards, especially FS, HD and SH

Area

All

All geographical zones

Impact

Hazards have been studied in advance and eliminated

Benefits

3

An integrative vehicle concept can cover all weather related
issues needed in the operation conditions.

Flexibility

0-3

Depending on the concept

Feasibility

3

Easily implementable when designing new vehicles

Wider impact

+2

An integrative vehicle concept is more efficient than a set of
detail solutions. The overall vehicle gets more efficient in
terms of usage of resources.

Costs

n.a.

Depending on the environmental conditions

Detailed
description

During the design phase of a new vehicle, an integrative and energy
efficient vehicle concept is created instead of kludges afterwards.
This includes lightweight vehicle concepts with efficient drive trains,
energy management systems and thermal management systems.

Transferability

Transferable to all vehicles in all modes

Sources
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Measure

2302: Test intended robustness in climate chambers (“highpressure test”) or in “real life”

Sector

VEH

Vehicle technologies in Urban Public Transport

Mode

UPT

Urban Public Transport

Hazard

All hazards, especially FS, HD and SH

Area

All geographical zones

Impact

Hazards have been tested in advance and eliminated

Benefits

3

The vehicle can be tested under real conditions.

Flexibility

0

If conditions change, test has to be carried out again.

Feasibility

1

For new vehicles it can be carried out as a standard
procedure. For regular testing of vehicles in operation it
may be complicated to transport the vehicles to testing
facilities in addition to the loss of the vehicle for normal
service.

Wider impact

+1

Failures of the concept and defects will be visible and
avoiding additional hazards.

Costs

n.a.

Detailed
description

Vehicles are brought in to climate chambers and tested under real
conditions or even more extreme situations. Hazards may be avoided
before using the vehicle in normal operation.

Transferability

Any vehicle of any mode may be tested in climate chambers of
adequate size.

Sources

Examples:
AURORA (www.aurora-eos.com ),
MODINE (www.klimawindkanal.de),
RTA (www.rta.co.at )
Citaro of Mercedes Benz [Citaro 2011]
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Measure

2303: Find stand-alone solutions to weather related problems

Sector

VEH

Vehicle technologies in Urban Public Transport

Mode

UPT

Urban Public Transport

Hazard

All hazards, especially FS, HD and SH

Area

All geographical zones

Impact

Stand-alone solutions to single problems

Benefits

2

The problem is tackled, in some cases it may be only
temporarily and requiring additional maintenance.

Flexibility

0-3

Depending on the solution

Feasibility

2

Depending on the issue

Wider impact

-1

A solution to one problem may cause other issues if not
solved at an integrated level of vehicle components.

Costs

n.a.

To overcome a weather related issue by means of an
individual solution instead of a new vehicle may be relatively
cheap.

Detailed
description

Best practices include:


increase robustness against heat with e.g. cooling, shadow
plates for roof constructions, thermal insulation, air
conditioning (local for driver or whole cabin), oil-free
compressors



increase robustness against freezing liquids by e.g. heating
sand reservoirs, heating flooring in entrance area/doors,
heating toilet reservoirs, automatic water emptying systems
when parking



increase robustness against cold with thermal insulation



increase robustness against intrusive snow by means of
construction measures including filter mats, snow
protections, snow covers around springs



increase robustness against storm with shifting the centre of
gravity



increase robustness against salt by means of protective
coating with bitumen sealing and stainless steel



use safety components for safe busses in wintery conditions
including ABS, anti-slip control and four-wheel busses

Transferability

Solutions might be transferred to other passenger vehicles (high
speed rail, coaches)

Sources

[WieVei 2011], [IFB 2011], [UIC 2011]
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Measure

2304: Sustain functionality and robustness with consequent
maintenance (including advanced de-icing, cleaning and repair)

Sector

VEH

Vehicle technologies in Urban Public Transport

Mode

UPT

Urban Public Transport

Hazard

All hazards, especially FS, HD and SH

Area

All geographical zones

Impact

Avoids malfunctioning vehicles including operational issues

Benefits

2

Depends on elaborateness

Flexibility

0-3

Depends on maintenance schemes

Feasibility

3

Wider impact

2

Good maintenance helps avoiding other problems of
functionality which might affect environment (leakages,
safety).

Costs

n.a.

Depends on maintenance plans, however, maintenance
should be cheaper than complete renewal

Detailed
description

Maintenance includes functionality test and if necessary cleaning and
repair. As maintenance ensures the functionality of the vehicle
specification, it is essential to avoid malfunctioning vehicles.

Transferability

Maintenance is essential to all assets (vehicles, infrastructure) and
modes.

Sources

[WieVei 2011]
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Measure

2305: Monitoring of humidity and temperatures in metro systems

Sector

VEH

Vehicle technologies in Urban Public Transport

Mode

UPT

Urban Public Transport (especially underground railway
systems)

Hazard

HD

Heat and extreme humidity

Area

All geographical zones, old networks

Impact

Avoid extreme temperatures and humidity which may endanger
vehicles and passengers, may cause closures if conditions are not
controllable

Benefits

3

Flexibility

3

Feasibility

2

Requires sensor equipment at all critical points of the
network

Wider impact

-3 to 2

If extreme values are exceeded, network (or at least
parts of it) has to close down. Health dangers are
monitored and avoided.

Costs

n.a.

Measurement equipment

Detailed
description

Old underground networks have not been designed for such a high
density of vehicles and passengers. To keep the systems operating in
a safe way for health and equipment, it is necessary to monitor
humidity and temperatures arising from higher traffic densities and
surrounding conditions like hot summers.

Transferability

Heat and humidity are a unique issue in old underground railway
systems like London and new York.

Sources

[BBC 2006], [CPCG 2010], [GLA 2005]
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Details

Assessment

Characterisation

B.2.4: Waterborne Transport
Measure

2401: Optimise barge dimensions

Sector

VEH

Mode

Ship

Hazard

HD

Area

EU

Impact

A higher probability of low water levels (in other words, more extreme
climate events) leads to the choice of smaller vessel

Benefits

3

Flexibility

2

Feasibility

3

Wider impact

0

Costs

n.a.

Detailed
description

Demirel (2011) specified a function for the optimal barge size chosen
by a representative barge operator. In the optimal barge-size
discussion, barge-size capacities and the cost function need to be
specified as function of the barge size.

Transferability

Widely applicable

Sources

Demirel, E. (2011). Economic Models for Inland Navigation in the
Context of Climate Change, PhD dissertation, Free University
Amsterdam

Ship: IWW
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Measure

2402: Use of composite material in shipbuilding, e.g. fibreglass
reinforced plastic

Sector

VEH

Mode

Ship

Hazard

HD

Area

EU

Impact

Due to the lighter material, the loading capacity of the ship increases;
lighter ships require less fuel and can run at a higher speed

Benefits

3

Flexibility

1

Feasibility

3

Wider impact

2

less fuel is needed

Costs

n.a.

Costs per kg/fibreglass: 12,5 EUR (material costs: 4,5 EUR,
laminating costs: 7,5 EUR, other costs: 0,5 EUR)

Detailed
description

The advantages of composite material in shipbuilding are:
o Moldability
o Resistant to corrosion
o Less maintenance costs
o Impact resistant
o Low weight
o Thermal isolation
Disadvantages:
o More expensive than steel (costs for building a composite
inland ship are estimated to amount to 12-13 EUR/kg
compared to 2-4 EUR/kg, incl. labour, for a regular steel
inland ship)
o Fibreglass reinforced plastic is 7-20 times suppler than steel;
this means that composite ships are less suitable for heavier
loads, such as container transport
o Less flexibility in the adaption of the construction, once the
ship is built; reparations and maintenance are not more
difficult to realize than with steel barges
o Damage detection is more difficult, because damages are
less visible

Transferability

High transferability

Sources

Centrum voor Lichtgewicht Constructies 2003 en Polymarin
NEA (2011). Market opportunities for fibreglass inland ships (in
Dutch: Marktkansen voor Composiet Binnenvaartscheppen)

Details

Assessment
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Measure

2403: New design for sturdier ships

Sector

VEH

Mode

Ship

Hazard

SH

Area

EU

Impact

Ship with bow (inverted) design

Benefits

2

Flexibility

1

Feasibility

1

Wider impact

1

Costs

n.a.

Detailed
description

The ULSTEIN AX104 from Ulstein Yard has special hull shape and
bow formed in the shape of an axe. The bow desin eliminates
slamming by the sea. The vessel can achieve higher speeds in all
conditions, and fuel economy is good.

Transferability

n.a.

Sources

http://www.ulsteingroup.com/kunder/ulstein/cms66.nsf

Ship: maritime

(fuel efficiency)

289

WEATHER D4: Adaptation Strategies

Details
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B.2.5: Aviation
Measure

2501: Nano-Structured Materials

Sector

VEH

Air traffic management and control technology

Mode

Air

Ship: IWW

Hazard

IS

In-flight and pre-flight ice formation

Area

EU

All areas; more relevant for northern countries

Impact

Reduces the ability of super-cooled droplets to freeze down to -30°C
and reduces the adhesion of frozen ice on the aircraft

Benefits

2

Works under high air pressure and at low temperatures

Flexibility

3

No issue

Feasibility

2

Probably only feasibly for new aircrafts

Wider impact

3

Less toxic and less energy consuming than compared to
traditional salting or heating methods.

Costs

1

Cheaper than traditional methods

Detailed
description

Nano-structured materials repel water droplets before they have a
chance to freeze The concept has been developed by the Harward
University and could keep airplanes, power lines or roads ice-free
even during harsh winter weather. The basic idea is copied from
insect skins and works under high pressure down to -25 to -30°C.

Transferability

Applicable to all other technical applications like cars, trucks, trains or
ships, as well as to power lines or road surfaces.

Sources

ACS 2011
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Measure

2502: Autonomous on-board weather detection and reaction
systems

Sector

VEH

Air traffic management and control technology

Mode

Air

Ship: IWW

Hazard

ST

Storms, turbulences and other atmospheric phenomena

Area

EU

All areas; more relevant for northern countries

Impact

Highly reliable detection of any type of atmospheric anomaly with
impacts on safety and comfort with automated systems for diagnoses
and detouring

Benefits

2

Flexibility

3

No issue

Feasibility

2

Integration in other complex aircraft engineering

Wider impact

1

Increase of passenger comfort

Costs

2

Probably moderate

Detailed
description

The basic idea is that of the already in use Turbulence Prediction and
Warning System. The TPAWS constitutes an avionic system
consisting of two components (Croft 2005): Enhanced Turbulence
Radar (ETR) and Turbulence Auto Pirep System (TAPS). Additional
features are the warning of other aircrafts and information of the
arrival airports on specific parts of the aircraft to be checked after
landing.

Transferability

Transferability is limited as these systems are rather specific to the
purpose for which the systems are designed.

Sources

Croft (2005)

Details

Assessment
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Measure

2503: Second generation ATFCM weather communication
systems

Sector

VEH

Air traffic management and control technology

Mode

Air

Ship: IWW

Hazard

All

Not specific to any weather category

Area

EU

All areas; more relevant for northern countries

Impact

Capacity, safety and comfort increase with in time integration of
reliable weather warnings in ATFCM realtime procedures.

Benefits

3

Safety, capacity and comfort increase

Flexibility

3

Nature of the system

Feasibility

1

Requires the integration of several institutional levels

Wider impact

3

System capacity increase, environmental benefits through
less detours, etc.

Costs

3

Probably considerable due to high coordination requirement

Detailed
description

Next Generation Air Transport System (NextGen) shall implement
weather instruments to support air traffic controllers by simplifying,
accelerating and unifying relevant information. I.e. with the system
AIRWOLF a respective pre-warning system, allowing the controller to
recognise critical routes of aircrafts well before they area reached,
was tested in the US.

Transferability

Should be a unified system across the entire European airspace.
Transfer to other world regions, depending on technical
infrastructure, is in principle possible.

Sources

Ahlstrom and Jaggard (2010)
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Measure

3101: Contingency Planning for logistics chains

Sector

SYS

Supply chain security

Mode

Road

Road and related intermodal freight transport

Hazard

All

All hazards, including instant and long run disruptions of
transport activities and supply chains

Area

All

General measures for all hazards

Impact

All networks; security of supply

Benefits

3

With education and training key to successful hazard
management

Flexibility

3

Can (and must) be periodically updated taking into account latest
changes in company-internal and external risk structures

Feasibility

3

Most information on supply chain processes and risks are there or
available at low costs. Plan requires regular check and update

Wider impact

0

Specific to particular threats and processes

Costs

1

No figures available, but costs are presumably low to moderate as
required information are available or can be acquired at low costs.
This also holds for regular updates.

Detailed
description

The primary motivation for co-operations between road logistics
companies are cost savings, but may also be the joined development of
innovative production structures or technologies. As concerns the
resilience towards natural hazards the horizontal co-operation of logistics
providers can be regarded twofold:
9 More efficient information exchange and the mutual support of
partners in case of unexpected events certainly helps getting through
emergency situations and to maintain service quality.
10 The joined use of physical resources, e.g. the pooling of office, fleet
park or warehouse locations, may increase the vulnerability in case
the accessibility or functionality of this unified facility is affected.

Transferabilit
y

Basically transferrable to different situations, countries, markets and
patterns of threats. To be considered are competitive situations and
issues of mentality in alternate environments

Sources

IBM (2003)

Details

Assessment

Characterisation

B.3.1: Road system operations and supply chains
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Measure

3102: Education and training in logistics

Sector

SYS

Supply chain security

Mode

Road

Road and related intermodal freight transport

Hazard

All

All hazards, including instant and long run disruptions of
transport activities and supply chains

Area

All

General measures for all hazards

Impact

All networks; security of supply

Benefits

3

With contingency planning key to successful hazard
management

Flexibility

3

Can (and must) be periodically updated taking into account
latest changes in company-internal and external risk
structures

Feasibility

2

Requires motivation of personnel and needs to be constantly
maintained, also under difficult economic conditions.

Wider impact

2

Helps improving the companies resilience towards other
external threats (terrorism, sabotage, accidents) and possibly
enhances team building social responsibility

Costs

2

No figures available, but costs are considerable due to
steady refreshment and update of training and education
material.

Detailed
description

The skills of people are the key to a successful operation under
difficult environmental conditions. Thus, training programmes on all
levels of a company as well as in related public entities are essential.
Of utmost important is to appoint responsibilities and duties to key
personnel in the case of an extreme event.

Transferability

Well transferrable between modes and even between industry
branches. To be considered are, however, mode- or industry-specific
treats and production processes.

Sources

IBM (2003)
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Measure

3103: Flexible fleet management

Sector

SYS

Supply chain security

Mode

Road

Road and related intermodal freight transport

Hazard

All

All hazards, particularly instant disruptions

Area

All

General measures for all environments

Impact

All networks; security of supply

Benefits

1

Increasing the availability of vehicles in emergency cases to
maintain service functionality or quality

Flexibility

3

Vehicle stock can be extended and reduced rapidly

Feasibility

3

Solely depends on funding and decision of responsible
company units. Pre-condition: awareness of threats.

Wider impact

2

Additional flexibility also in situations of changing market
environment, accidents, etc.

Costs

1

Fleets usually do not constitute a major company cost item.
But they do for logistics companies. Generally, older (writtenoff) vehicles might be used for this purose.

Detailed
description

By an active fleet management a sufficiently large and diversified
stock of vehicles is provided such that under emergency conditions
damaged or blocked vehicles can be replaced or unavailable
connections can be served from different locations.

Transferability

Common measure applicable to all companies and environments.
Some minor differences exist in vehicle taxation across Europe, but
these are rather not relevant.

Sources

Measure

3104: Warehousing strategy

Sector

SYS

Supply chain security

Mode

Road

Road and related intermodal freight transport

Hazard

All

All hazards, particularly instant disruptions

Area

All

General measures for all environments

Impact

All networks; security of supply

Benefits

2

Maintain the availability of input products, fuels or supply
goods in terms of crises for sustaining production and supply

Flexibility

2

Depends on whether increasing stocks went along with
investments in warehouse facilities or long term contracts

Feasibility

2

Requires longer planning periods and may interfere with
other company objectives

Wider impact

3

Generally increases company independence of external and
internal threats and cuts reaction times in case of changing
market environment. In case of more densely established
warehouse networks even environmental benefits may
emerge

Costs

3

Warehousing constitutes a considerable cost block in most
industries. Changes of the strategy are thus highly sensitive
for company revenues.

Detailed
description

Although we must constitute that warehousing strategies and
production models are instruments of the forwarding rather than of
the production sector we take this measure on board due to its high
relevance for transportation. Increasing stocks of products or fuels to
be less dependent on just in time or just in sequence strategies is
frequently discussed in supply chain literature. In the case of more
disruptions of supply chains lean production models may no longer
work, but this strongly depends on regional and sector conditions.

Transferability

Applicable to all companies and environments. Some minor
differences exist in asset taxation and local administrative procedures
across Europe, but these are rather not relevant.

Details

Assessment

Characterisation
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Measure

3105: Horizontal co-operation of companies

Sector

SYS

Supply chain security

Mode

Road

Road and related intermodal freight transport

Hazard

All

All hazards, including instant and long run disruptions of
transport activities and supply chains

Area

All

General measures for all hazards

Impact

All networks; security of supply

Benefits

3

Pooling of vehicles and sharing of information prior, while
and after hazardous events

Flexibility

3

Co-operation rules and conditions can be adapted at any
time when market conditions and threats change.

Feasibility

1

Usually very difficult as the inter-company exchange of
knowledge and assets may oppose the firms‘ economic
interests. Further barriers may appear on the domains of
organising the coordination and in motivation

Wider impact

2

Co-operation guidelines may also be applied to other threats,
including manmade hazards and economic crises

Costs

0

Direct financial costs close to zero

Detailed
description

The skills of people are the key to a successful operation under
difficult environmental conditions. Thus, training programmes on all
levels of a company as well as in related public entities are essential.
Of utmost important is to appoint responsibilities and duties to key
personnel in the case of an extreme event.

Transferability

Well transferrable between modes and even between industry
branches. To be considered are, however, mode- or industry-specific
threats and production processes.

Sources

Voss and Wallenburg (2008)
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Measure

3106: Vertical co-operation between state, undertakings and
customers

Sector

SYS

Supply chain security

Mode

Road

Road and related intermodal freight transport

Hazard

All

All hazards, including instant and long run disruptions of
transport activities and supply chains

Area

All

General measures for all hazards

Impact

All networks; security of supply

Benefits

2

Limited for individual (private) company. Sharing of
competences and resources

Flexibility

3

Co-operation rules and conditions can be adapted at any
time when market conditions and threats change.

Feasibility

1

Presumably difficult due to administrative barriers, risk
sharing and limited benefit for the individual company.

Wider impact

2

Highest impact for society t: support of emergency aid for
affected public through security of supply with food, water,
medication and energy.

Costs

0

Direct financial costs close to zero

Detailed
description

We mainly talk about public-private partnerships (PPPs) between
public bodies and transport or logistics undertakings. These might
have great impacts on utilising forces to support the general public,
for health care, etc.

Transferability

Well transferrable between modes and even between industry
branches. To be considered are, however, mode- or industry-specific
threats and production processes, procedures in and competences of
public administrations and issues of mentality.

Sources

Voss and Wallenburg (2008)
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B.3.2: Rail system operations

Measure

3201: Improving the current ventilation system

Sector

SYS

Mode

Rail

Hazard

HD

Area

BI

Impact

People potentially affected (over 3 million journeys are currently
made every weekday)

Benefits

3

Flexibility

3

Increased availability

Feasibility

3

Easy to mount

Wider impact

2

No side effects reported

Costs

n.a.

£178m has already been allocated through TfL‘s 5-year
£10bn Investment Programme for this purpose. This does
not include the investment in air-cooled trains due to be
delivered on the Underground‘s sub-surface lines through
the Public Private Partnership

Detailed
description

Centrally operated and remotely controlled systems to manage fans
and local cooling installations are being designed
Public Private Partnership have ordered air-cooled trains on the subsurface lines

Transferability

High transferability to other cities

Sources

Greater London Authority, ―Climate change and London‘s transport
systems‖, September 2005
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Measure

3202: Use of physical barriers at station

Sector

SYS

Mode

Rail

Hazard

RF

Area

BI

Impact

People potentially affected (over 3 million journeys are currently
made every weekday). In the period from 1992 to 2003, over 1200
flooding incidents and 200 station closures were recorded by London
Underground Limited. Of these approximately half were related to
flash flooding.

Benefits

3

Flexibility

2

Feasibility

3

Wider impact

2

No side effects reported

Costs

n.a.

Social costs: £14.6 million in passenger delays alone, with
the flooding of 7 August 2002 costing approximately £0.74
million.
The costs of flooding in the London Borough of Camden on 7
August 2002 were well in excess of £1 million8. The
associated traffic disruption during peak period flows are
estimated to cost at least £100,000 per hour delay on each
main road affected, excluding infrastructure damage costs

Detailed
description

A number of areas subject to recurrent risk have been mapped. The
authority has mitigation measures in place to help manage flood risk
at key stations.
This includes the use of physical barriers. Further work is currently
being scoped by LUL to assess the future risks of flooding from
climate change.
In addition Network Rail is undertaking research into the effect of
climate change on earthworks, scour and flood risk

Transferability

High transferability to other cities

Sources

Greater London Authority, ―Climate change and London‘s transport
systems‖, September 2005

Details
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WEATHER D4: Adaptation Measures
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Measure

3203: Package of infrastructure design/maintenance, ICT
development and personnel training

Sector

SYS

Mode

Rail

Hazard

FS

Area

SC

Impact

Asset

Benefits

3

Flexibility

2

Feasibility

1

Wider impact

1

Costs

n.a.

Detailed
description

Design of vehicles and infrastructure to snow removal
Ensuring communications through ICT among clients, operators and
infrastructure managers
Provision of experienced personnel, education and training

Transferability

Low transferability, depending on the national regulative frameworks

Sources

Ulla Juntti (2010) ―Winter and Railway - Root causes of
Infrastructure‖, Lulea University of Technology

Finland: Infrastructure Manager 15 EM extra costs
Maintenance E3M/year
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Measure

3301: Modal shift from inland shipping to land-based modes

Sector

SYS

Mode

Ship

Hazard

HD

Area

EU

Impact

Less use of inland waterway infrastructure; more strain on land-base
modes

Benefits

1

Flexibility

1

Feasibility

2

Wider impact

-2

Costs

n.a.

Detailed
description

The estimates found in the literature only yearly price elasticities of
demand for inland waterway transport have a median value of about
– 1.0. However, there are reasons which make modal shift to landbase modes less attractive: first, the price for transportation by inland
waterway vessel for most bulk goods is substantially lower than
transport by another mode. Therefore, the freight rates have to rise
substantially before other transport modes become competitive. In
summary modal shift effects are expected to be small.

Transferability

High transferability, wherever infrastructure of alternative modes are
available

Sources

Jonkeren (2009). Adaptation to climate change in inland waterway
transport, dissertation, Free University Amsterdam

Details

Assessment
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B.3.3: Waterborne system operations
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Measure

3302: Prepare for service delays and cancellations, e.g. due to
temporary closure of access to ports

Sector

SYS

Mode

Ship

Hazard

RF,
SH, FS

Area

EU

Impact

Cancellation of services

Benefits

1

Flexibility

1

Feasibility

1

Wider impact

-3

especially economic impacts for the ports and shipping
industry

Costs

n.a.

0.75 million EUR/day in the example of Port of Rotterdam

Detailed
description

According to the calculations of the Port of Rotterdam a sea level rise
of up to 60cm would lead to a closure frequency of once a year. If
blocked by the Maeslant barrier, the expected costs of 0.75 million
euros/ day for sea shipping (in 2007 prices).

Transferability

Transferable to other European ports, costs need to be adapted to
local conditions.

Sources

TU Delft, 2010, Afsluitbaar Open Rijmond

Ship: maritime shipping
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Measure

3303: Ensure the functioning of alternatives routes

Sector

SYS

Mode

Ship

Hazard

RF,
SH, FS

Area

EU

Impact

Redistribution of navigation routes

Benefits

2

Flexibility

1

Feasibility

1

Ship: maritime shipping

Wider impact
Costs

n.a.

Detailed
description

Rerouting of traffic

Transferability
Sources

United Nations Conference on Trade and Development (2009).
Maritime Transport and the Climate Change Challenge. Summary of
Proceedings. 16–18 February 2009, Geneva
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Measure

3401: Intermodal co-operation

Sector

SYS

Market structure / competition

Mode

Air

Airlines and possibly airports

Hazard

All

More focussed on winter and storms

Area

All

More western / mid / eastern Europe

Impact

Support for stranded passengers / goods under unexceptionally
adverse conditions.

Benefits

1.5

Range 1-2. Potentially high benefits in rare, unexceptional
situations; but does not apply to all hazards.

Flexibility

2

Range 1-3. Very much depends on the type of co-oepration
and the type of hazard; but generally high

Feasibility

2

Range 1-3. Air and rail usually act under high competition.
Common strategies may thus be difficult to define.

Wider impact

0

Due to high competition the co-operation will most likely be
restricted to exactly the case in question

Costs

1

Minor costs for strategy finding and regular update.

Detailed
description

Intermodal co-operations should be rare due to the high level of
competition among the actors. Direct models under the heading of
external shocks or crises are not known (see below). Co-operation
agreements would require cost and risk sharing models in the case of
an event and provisions on additional capacities to be kept in reserve
in case difficult weather conditions can be expected.

Transferability

First approaches for co-operation are the AirRail and Rail&FlyConcept of Lufthansa and Deutsche Bahn AG.

Details
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B.3.4: Aviation and air traffic control
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Measure

3402: Education and training

Sector

SYS

Airline and ATM company internal preparation

Mode

Air

Airlines and ATM

Hazard

All

More focussed on winter and storms

Area

All

More western / mid / eastern Europe

Impact

More efficient reactions under all types of threats (including manmade hazards, accidents, etc.)

Benefits

2

Highly relevant for preparedness

Flexibility

3

Range 1-3. Very much depends on the type of co-oepration
and the type of hazard; but generally high

Feasibility

3

Range 1-3. Air and rail usually act under high competition.
Common strategies may thus be difficult to define.

Wider impact

2

Preparation to all types of hazards plus team building
potential with positive impact on other work areas.

Costs

1.5

Requires permanent refreshment of training units and the
regular revision of the hazard probabilities and respective
contents of education programmes

Detailed
description

Multi step process involving a detailed hazard and risk mapping,
determination of response plans, staff responsibilities and procedures
and motivation. Important element could be the reduction of human
errors under crisis situations. All aspects are subject to regular
review and – if needed update.

Transferability

Principle procedure transferrable to all types of company and to all
types of risks.

Sources

E.g. FAA / Eurocontrol (2007)
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Measure

3403: Probabilistic flight planning

Sector

SYS

Air traffic flow management

Mode

Air

Air Traffic Control

Hazard

All

More focussed on storms and convective weather

Area

All

All regions with focus on Atlantic coast line

Impact

Avoidance of short-run en-route adjustments of flights and thus to
minimise delays

Benefits

1

Increase preparedness, but no elimination of hazard

Flexibility

3

Can be switched off at any time

Feasibility

1

Touches the anyway complex AFTM procedures

Wider impact

0

Probably none

Costs

2

Possibly more ATC personnel required as preparation of
ATC procedures gets more complex; maybe offset by better
preparedness in ATC operation phase.

Detailed
description

Actual one day weather forecasts are fed into flight movement slot
planning by ATC. In advance it is then tried to route air traffic
movements in such a way that, under given probabilities of certain
weather conditions, time losses get minimised. First trials in the US
and Europe are on-going. But given the complexity of the matter an
operative start is not expected before 2020.

Transferability

Very much dependent on ATC structures and procedures.
Transferrable across Europe, but probably not between Europe and
other world regions.

Sources

EU‘ROCONTROL (2010, 2011); SKYbray (2011)
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ANNEX C: Spatial planning documents
C.1: Agency Planning Documents of Selected Countries

Table 32: Spatial planning of selected countries – agencies, planning documents and
their function
Belgium

national level

regional level

sub-regional level/ Local level
provincial level

Federal level does not
possess core
competencies/responsib
ility for the spatial
planning; it does not
exist a national spatial
plan

Anchorage spatial
planning responsibility
with regions; i) area
development plan
contain economical,
social, cultural ecofriendly spatial
planning-aims. ii) land
development plan
(FNP) contains
infrastructure planning

Sub-regional
plan:
Identification of the
permitted
planning
activities
for
the
minimization of the
environmental hazards.
Provincial
spatial
structure plan: contains
legal adaptations

Spatial
planning
system contains 3
types:
Flanders:
local
regional
structure plan and
FNP;
Wallonia:
local structural plan
(specific
FNP/
guidelines);
Brussels:
local
structural
plan
(specific FNP)

Source:

cf. PLUREL 2010

Denmark

state level

county level

municipal level

local level

Department
of
the
Environment
adopts
general basic conditions
for planning of the
subordinate
levels
(legally
binding
documents
with
national planning policy
and
guidelines
for
regional
and
local
authorities)

Issue of regional plans
with legally binding
guidelines
for
the
spatial use (renewal
every 4 years)

Publication
of
a
strategic
planning
document;
contains
basic conditions for
municipalities and local
areas (legally binding
document; must agree
with plans of the higher
levels)

Issue of a plan with
legal
binding
detailed plans for
local areas (e.g.
Projects
and
regulations
in
connection
with
public buildings)

Source:

cf. Larsson 2006/ Ministry of the Environment 2002

Finland

national level

regional level

municipal level

Department
of
the
Environment
is
responsible for spatial
planning; Tasks: List of
national guidelines; a
national spatial plan
does not exist; spatial
use authority issues
legally not binding
strategic principles for

i Strategic regional plan
contains general spatial
planning goals, chances
and risks. ii Regional
spatial use plan contains
functionality of the
urban
network,
environmental
protection
etc.;
(Renewal
depending

i Master plan - control
of urbanized areas,
(agreement
strategic
goals and company of
operational
conversions); ii detailed
local plan: Municipality
is
responsible
for
control of building
projects
in
closely
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national
planning

spatial

upon need)

settled areas (e.g. Land
development of coastal
regions)

Source:

Cf. Ministry of Environment, Forest and Nature Agency (2004)

France

national level

regional level

local level

Commission
state
development
and
contestability
responsibly for planning
in
interaction with
regional
and
local
authorities; Adoption of
sector-referred/ public
administrative plans on
national level.

Issue of regional spatial
planningand
developments schemes
(partially also regional
economic development
plans); Spatial planning
guidelines form basis
for regional and local
planning.

Overall economic plan
contains in principle
planningand
development guidelines;
Area plan: Support
overall
economic
planning

Source:

cf. ECMT 2005

cf. PLUREL 2010

Greece

national level

regional level

local level

National economic- and
social
plans
are
composed from the
parliament (every 5
years) - general facts to
the
regional
development and spatial
planning

Ministry
of
the
Environment, physical
planning and public
works responsible for
planning
on
regional/local
level;
regional spatial planner
contains
general
principles of the spatial
planning

i. General development
plan: general guidelines
and parameters for basis
and future planning; ii.
City plan contains plans
for
infrastructure
planning

Source:

cf. PLUREL 2010

Ireland

Rural

Region

Municipality

The
Irish
national
Spatial
Strategy
contains parameters for
planning; Planning of
the following levels
must be considered in
NSS

Regional
authorities
have responsibility for
regional
planning
guidelines;
Development plan is
main instrument as a
check
and
regularization of the
district level

Local
area
plans:
Planning instrument for
cities, alignment with
development plan must
take place

Source:

cf. Queen´s University Belfast n.d..

Iceland

national level

regional level

local level

It does not exists a
formal
planning
instrument;
Planning
and land development
law
implies
that

No
regional
management
level
available, not less than
two municipalities can
discharge, by initiative

Each municipality must
have
examined
municipality
plan;
Description of spatial
use
rights
local
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planning commission is
responsible for planning
in the range transport

of the local planning
authorities, a regional
plan; Co-ordination of
the local authorities
during conversion of the
plans

authorities,
transport
systems
and
environmental affairs
(every 4 years vote over
renewal)

Source:

cf. Ministry of Environment, Forest and Nature Agency 2004

Italy

State level

Regional

Provincial

Municipality

General parameters for
planning activities of
the following levels;
Resolutions for general
and specific sectors

Adoption
of
the
regional plan on basis
of the parameters of the
federation; Basis and
parameters
for
planning/ control of the
following levels

Issue of the provincial
plan; In case of these
does not exist the
regional plan is valid;
Resolutions:
Infrastructure projects
of the provinces

Issue of local plan;
valid
till
the
replacement by a
new plan; Vote in
cyclic Reviews with
regional planning

Source:

cf. Larsson 2006

Luxembourg

National level

Regional level

Municipality

Local

Ministry for inside and
spatial planning places
spatial
planning
concepts for federation
and
region;
not
responsible
for
conversion of planning;
Concept not legally
binding; contains sector
goals, defined general
guidelines

Regional-plan-interface
between sectoral plans
(entire country) and
planning
of
the
municipalities
(local
and regional basis);
state and municipalities
are enable to develop a
regional spatial plan

Municipalities act and
plan in the sense of
integrated
transportand spatial development
concept
(2004);
objective description of
middle and long-term
planning (no detailed
description)

Private plans can be
represented
by
federations,
companies
and
private
people,
normally
exists
contracts between
municipalities and
rural owners

Source:

cf. Larsson 2006/Ministry of the Interior and Spatial Planning 2006

Netherlands

National level

Provincial

Communities

Legislation and spatial
planning of the national
level contains planning
parameters;
spatial
planning law defines
official competencies,
instruments
and
procedures of planning;
Contentswise principles
and overall concepts
contains
spatial
planning report

Regional plan describes
spatial
development
desired in guidelines;
forms basis for space
referred measures of the
province and for the
evaluation of the plans

Municipal development
concept
serves
development of an
example
for entire
municipality area (no
legal relation); plat
(legal binding): Basis
for local decisions
(building licence)

Source:

cf. Fischer, Foißner n.d.

Norway

National level

Regional level
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Ministry
of
Environment acted as
national
planning
authority and carries
responsibility
for
planning of the regional
and local level

Administrative range is
taken over by 19
districts
directly
selected
district
authorities
are
responsible for the
planning

Planning is to equate
with
municipality
resolution
of
the
planningand
development
law;
Planning
legally
binding, municipalities
must act in sense of the
national guidelines

Source:

cf. Ministry of Environment, Forest and Nature Agency 2004

Austria

Federal level

State level

Municipal level

No national spatial plan;
matters which aren´t
reserved
for
the
federation, fall into the
scope of responsibility
of the countries

Federal state laws forms
the legal basis for
spatial
planning;
additionally
differentiated
regulations in spatial
planning-, municipality
planning- and building
laws, because regulation
is missing on federal
level

Municipalities possess
power for local spatial
planning; Instruments:
Local
development
concept, area zoning
plan, plat

Source

cf. Carinthian Government n.d...

cf. TU Wien n.d..

Portugal

National level

Regional level

Local level

political guidelines and
regulatory
and
legislative framework;
Co-ordination
of
regional
planning,
relationship
between
center
and
local
government and land
use planning

Municipality
issues
regional
plans:
Definition of the criteria
for land use and spatial
planning

City issues a strategic
framework
for
the
planning: point out from
principles and rules for
the land use

Source:

cf. Larsson 2006

Sweden

National level

Regional level

Local level

Ministry
of
Environment carries the
responsibility for spatial
planning; Ministry for
agriculture and industry
is
responsible
for
sectoral
planning
(transport);
national
authorities
formulate
Policies

Regional state authority
is
responsible
for
administration in sense
of
the
national
guidelines of the spatial
planning; the list of a
regional
plan
is
possible, in case of
more
than
one
municipality
is
concerned (voluntarily,
not legally binding)

Municipalities possess
the planning monopoly;
Development
of
extensive plans for
entire municipality with
Best Practice work
procedures and longterm goals (not legally
binding; detailed plan is
valid only for a part of
the municipality (legal)
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Source:

cf. Ministry of Environment, Forest and Nature Agency (2004)

Switzerland

Federal level

Canton level

Regional level

Community
level

Authority of the basic
principle legislation, all
spatial planning tasks
are
considered;
it
doesn´t take place a
detailed formulation of
the plan; Federation
coordinates
spatial
planning of the cantons

Conversion of planning,
whereby parts of the
tasks are delegated to
the
municipalities;
Instruments:
Spatial
planning- and building
law, cantonal structure
plan, use plan

Larger cantons transfer
over-local tasks of
spatial
planning
frequently to regional
planning organizations
which governed by
public law

Competence
municipality
for
freeholder binding
use plans; because
leeways in decisionmaking are often
large, examples and
structure plans are
compiled

Source:

cf. Elsasser 2000

cf. Schweizerische Vereinigung für Landesplanung n.d..

Spain

National level

Regional level

Local level

No
institution
or
planning authority is
responsible for the
spatial planning; no
regional plan

Regions are responsible
for spatial planning
whereby each region
their
own
detailed
spatial plan set up

Responsibility
of
municipality:
urban
development
plans:
Town planning and
detailed
town
development planning

Source:

cf. PLUREL 2010/Burns 2010

United Kingdom

National level

Regional level

Local level

No central government
agency is responsible
for spatial planning
because
of
the
decentralization of the
governance in Scotland,
Wales
and
north
Ireland;
England:
Responsibility by the
office of the Prime
Minister, conversion by
municipalities
and
cities; national spatial
plan doesn´t exist

England: Publication of
the spatial planning
strategies of municipal
administration, Wales:
Welsh Office adopts
planning
guidelines;
Scotland: Plans are
issued
of
regional
municipalities

Development
parameters are political
planning instruments of
local
authorities:
Structural
plans:
strategic guidelines for
entire
municipality;
local plans (England &
Wales):
generally
conformal
with
structural plans and
guidelines
of
the
national and regional
level

Source:

cf. PLUREL 2010
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ANNEX 6.2: Overview of National Adaptation Strategies (NAS)

Austria

National Adaptation Strategy

Actors

Austria is used to deal with natural disasters for a long time. Therefore adaptation
cannot take place without considering disaster control. In the year 2002 the climate
research initiative AustroClim was formed to tackle the challenges of climate change
in a cross-sectoral way. The process to the development of a NAS started in 2007. A
continuation of the study „Identification of recommendations for action to adapt to
the climate change in Austria‟ (2008) contains recommendations for

Building and living,

Protection against nature hazards, like nat. and internat. Networking and
knowledge exchange,

creating flexible structures,

stabilisation of the regeneration ability of the society,

strengthening the precaution of land and individual arrangements,

Proportionality of goals and supporting awareness raising.
The recommendations of the transport infrastructure are scheduled for 2011 (cf.
Haase et al. 2008). The second draft contains detailed action options for example in
the range of building and living (climatic improvements of urban areas by reduction
of heat island effect with creation of green space.
To avoid or reduce the increasing risk of flooding, water retention is has to be
increased, because existing water drainage is not sufficiently used. Measures are the
removing the hard surfaces that are covering the ground (discharge of canals by local
water infiltration) and the creation of retention areas (reduction of discharge
quantity) (cf. Lebensministerium.at 2010). The Federal Environment Agency
(Umweltbundesamt), Federal Ministry of Agriculture, Forestry, Environment and
Water Management (Lebensministerium) and the Climate- and Energy-funds have
established a data base in order to gather all available information concerning
adaptation activities. The sector infrastructure/transport contains six measures;
among other things the protection of the transport infrastructure and increase of road
safety by thawing salt inventories and early warning systems.
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Federal Ministry of
Agriculture, Forestry,
Environment and Water
Management
(„Lebensministerium‟),
Climate- and Energyfunds, CIPRA
International

Projects
In the context of AustroClim different projects are
ongoing, such as CLISP CIPRA focuses on spatial
planning (cf. CIPRA International 2009):
 Taking dangers into account – climate change
brings more natural hazards (avalanches, floods)
according to experts, new building zones are only
designated if it does not oppose the „danger plan‟
 Rising density instead of allowing urban sprawl
allows efficient public transport in compact cities
(landscape protection)
 Think global and shift competencies from local
to higher level
Cost transparency is necessary, so that development
costs increases with rising degree of urban sprawl.
Cost bearer should be the landowner. In the future
public hand must not subsidise „climate damaging
constructions‟.
The studies of the AustroClim supply overviews of
the current research activities and the status of
information concerning adaptation. Based on these
results, the second “Policy Paper – On the way to a
national adaptation strategy” of the Federal Ministry
of Agriculture, Forestry, Environment and Water
Management (Lebensministerium) has been written
(cf. Pichler 2010).

France

Finland

Belgium

WEATHER D4: Adaptation Measures

National Adaptation Strategy

Actors

Projects

National Climate Plan (2007-2012) contains information of NAS. The publication of
a strategy is planned for 2012. As member of the Climate Impact Research
Coordination for a larger Europe (CIRCLE ERA-net) it is assumed that the Belgian
Science Policy Office (BELSPO) could play a leading role in the development of
adaptation strategies (cf. CIRCLE n.d.); treated topics so far are Agriculture and
Water Management in some initiatives in the context of the National Climate Plan
(cf. Centre for Economic and Social Studies on the Environment 2007).

Belgian Science Policy;
Belgian Presidency of the
EU Council –
Environment and Nature

Finland‟s National Strategy for Adaptation to Climate Change (2005) (Ministry of
Agriculture and Forestry) identifies climatic impacts and adaptation measures with a
time horizon of 75 years; short term as well as middle and long-term measures of the
private and public sector are noted. For the range of the infrastructure the following
measures are described:
 Expansion of drainage along the road infrastructure
 Reinforcement and regular maintenance of the infrastructure, dykes and bridges
 Discharge possibilities at track sections
 Discharge of water in filtration plants to avoid groundwater pollution by
transport emissions
 Creating risk maps on the base of information on flood sensitive areas
Generally
systems
and the
preparedness
weather
Key aspectsmonitoring
of the national
adaptation
strategy
„Stratégietowards
nationaleextreme
d‟adaptation
au
conditions
should
be
improved
and
the
research
and
development
reinforced.
changement climatique‟ (SNACC) (2006) lie in the range of the risk assessment and

Ministry of Agriculture
and Forestry, Ministry of
the Environment, Finnish
Environment Institute

Within the research program „Science for a
Sustainable Development“ (2005-2009) (SSD) the
project “ADAPT-towards an integrated decision tool
for adaption measures” has been accomplished; focus
were floods (cf. BELSPO 2010). In the Workshop
“Infrastructural and spatial measures to manage
water” of the conference “Adaptation to the changing
climate: time to intensify efforts“ the following major
protection measures were published (cf. Belgian
The
researchof program
(Assessing and
the
Presidency
the EUFINADAPT
Council-Environment
adaptive
capacity
Nature 2010,
p.5): of the Finnish environment and
society
under a changing
climate)
under the
Dams; Levees;
Water storage
reservoirs
forcontrol
flood
of
the Finnish
environmental
authority
is an
control;
Control;
River embankments
andSYKE,
floodwalls;
important
basis water
for retention
the adaptation
strategy
Increase natural
and water
storage(cf.
in
www.environment.fi).
watersheds by extending floodplains and creating
wetlands and polders; Zoning to delineate floodplain,
in which only low-value infrastructure is allowed;
Appropriate construction methods in flood-prone
areas; Flood mitigation systems including
forecasting, warning, evacuation, and post-flood
recovery; spatial planning; An improvement in
The
Part „Management
Impacts of Climate
preparedness
actions, and understanding
and
Change“
of
the
„Gestion
et
Impacts
du Changement
consciousness must be caused by communication.
Climatique‟ (GICC) project tackles effects on
different sectors. It is supported by the French Board
for Economic Studies and Environmental Evaluation.
The project aims at better coordination between
physical as well as biological sciences and social
studies (cf. GICC n.d.).

analysis of the possible consequences of climate change. Aim of the SNACC is to
integrate the consequences into strategic planning according to the precaution
principle. At present discussions about the development of a detailed plan to the
adaptation on the consequences of the climate change are going on. One concrete
measure related to urban planning is the prevention against urban heat waves.
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Decision for adaptation
strategy by research
establishment ONERC;
Coordination between
climate protection and
adaptation is regulated
within the Ministry for the
Environment and
Sustainability (MEDD, Le
ministère de l´Ecologie et
du Dèveloppement
durable) (cf. Meister et al.
2009)
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National Adaptation Strategy

Actors
Federal Government,
Federal Environment
Agency (UBA)

Greece actively pleads for climate protection and adopts plans for reduction of
greenhouse gases on a regular base. However, further actions and research are
needed for adaptation measures. So far no national adaptation strategy was adopted,
although its development has a high priority (cf. EEA 2010).

Ministry for the Environment, Physical
Planning and Public
Works

The Irish National Climate Change Strategy 2007-2012 highlights several sectors:
The sector transport contains information about emission reduction. As for
adaptation measures it is mentioned that a strategy of flood management is being
developed and communities are able to adopt own measures in connection with
development plans. As part of the climate policy the government committed to adopt
a national adaptation strategy within the next 2 years (till 2009). However, up to the
beginning of the year 2011 no strategy was published.

Department of the
Environment, Heritage,
and local Government,
Environmental Protection
Agency (cf. EPA 2011)

Ireland

Greece

Germany

The German Strategy for Adaptation strategy to Climatic Change (DAS) as of 2008
contains 13 activity fields. The cross-cutting issue spatial, regional and urban spatial
planning as well as civil protection contains adaptation measures for the area of
transport- and spatial planning such as mapping of flood plains, securing retention
areas, discharge options at endangered track sections and the protection of the coastal
infrastructure by dykes.
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Projects
Several research projects for adaptation to the
consequences of the climate change are ongoing.
The Competence Center Climate Impact and
Adaptation “KomPass” accompanies the scientific
development and acts as contact point for issues
around
adaptation activities. In December 2010 a data base
has been established, in which adaptation measures
can be entered by everybody (cf. KomPass 2008).
The Federal Ministry of Education and Research
BMBF and the Cologne Institute for Economic
Research support the „klimazwei‟ project (individual
projects which represents strategies and measures for
adaptation to climate impacts and to the climatic
protection) (cf. Klimazwei n.d.). Furthermore
“Klimzug” (climatic change in regions) assists certain
regions in developing adaptation measures. The
individual projects constitute consequences for
economics, population and environment. Innovation
networks help to develop adaptation options (cf.
Klimzug n.d.).
Greece needs projects to promote the climate impact
research

Under leadership of the EPA different Climate
Change Research programs (CCRP) are running, for
example within the topic “Impacts and Adaptation”.
The Work package of the Institution UCC adaptation
management runs until June 2012 (cf. EPA 2011).

