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1

Introduction and overview

1.1

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 in the European context.
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 and is funded under the 7th
RTD framework program of the European Commission. Further information can be
obtained through our website www.weather-project.eu.
Acknowledging the work that has been carried out in the field of transport and climate
change worldwide and with regard to the recent catastrophic events across the globe
the WEATHER project has engaged experts on transport and natural hazards from
different world regions to put our findings into perspective and analyse recent disasters and policy strategies in a global context. The WEATHER International Panel (IP)
is composed of experts in transport system analysis and natural hazards from several world regions, including overseas regions as well as specific European locations,
which are not covered by the project team. Decisive for the selection of study regions
was the question whether the country has similarities to the EU or provides any specific characteristic that can help understanding better long-term European transport
challenges, policies and/or technological trends.
Out of the five panel regions selected this way three regions are located overseas:
USA, Australia and New Zealand. The US is the first choice as both, its political culture as well as climate and weather patterns, are comparable to the European situation. Moreover, the state of analysing climate change impacts on transport on the
federal level and for some states are more advanced than for the EU. New Zealand
was nominated also due to its past efforts in understanding climate impact patterns
on transport and Australia was identified a good example of how weather patterns in
the southern EU Member States might develop as climate change progresses. Further candidates would certainly have been Canada, Japan and possibly south-east
Asia.
In addition the two European countries Switzerland and Bulgaria have been invited to
the Panel. Switzerland was selected as the country is a forerunner in long-term climate impact analyses and adaptation strategy implementation. This is partly due to
the good financial situation in the Alpine country and partly due to the noticeable level
of damages to the country’s high value road and rail infrastructures experienced in
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the past. Bulgaria was selected as one of the very recent EU Member States with a
comparably low per capita income. The assessment should draw the attention of EU
policy-making on the needs of this new part of the Union in terms of technology
transfer and the exchange of policy-making experiences.

Figure 1:

International Panel Contributions and WEATHER European Case
Studies

For each of the five panel countries only specific case studies could have been
looked at due to time and budget limitations. The study scopes range from single
agglomerations or infrastructures (USA, New Zealand) to complete country overviews (Australia, Switzerland and Bulgaria). The five cases elaborated by the panel
contributions and summarised in this Special Report are:
• hurricane Irene and its impacts on the New York Metropolitan Transit System
(Schofer et al., 2012),
• heat waves and floods and their effect on the Australian transport sector (Chhetri
et al., 2012),
• earthquakes and landslides in New Zealand (Kuhn, 2011),
• climate change in Switzerland and the consequent transport adaptation strategy
(Maibach et al., 2012) and finally
• multiple weather impacts on the Bulgarian transport sector (Karagyozov, 2012).
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This special report of the WEATHER project reviews the contributions from the international panel and set the findings into perspective of our previous research and our
six European case studies. Across the five cases the following topics will be reviewed:
• Events, time scale and local environment looked at,
• level of damages reported,
• adaptation options identified and
• policy issues discussed.
The five reports from the WEATHER International Panel of Experts are available for
download from the WEATHER website at www.weather-project.eu. At this stage we
would like to thank our panel members for making valuable first-class contributions.

1.2

Cross-cutting issues

The five reports on incidents, response and preparation strategies from different
world regions reveal that the training of transport professionals, the clear allocation of
responsibilities, preparing people, shortening communication delays and the proper
planning of response strategies can well avoid major damages from weather extremes. Good practices for an efficient emergency management have been reported
for the hurricane Irene which hits New York in August 2011. Similar positive reports
on policy actions can be found in the Swiss contribution, describing a country with
high organisational and technical standards, financial power and experience in dealing with natural hazards. Less favourable experiences with decision processes and
policy arrangements are reported for the floods in Australia and Bulgaria, driven by
unclear or too complex responsibility allocation across the several governmental levels. In both cases crises management was considered poor, but after the flood
events governmental bodies and legal acts for improved preparedness and network
resilience management should have been installed. Only in Bulgaria these reforms
have been taken back only four years after the floods, which indicates that the sustainable policy implementation of long term strategies for climate and natural hazard
adaptation is no easy task. From the New Zealand report we could get the additional
insight that catastrophic events may be used positively to re-invent the function of a
city as it is currently done in Canterbury and Christchurch.
A decisive factor for successfully enforcing crises management strategies appear to
be lessons learn from earlier events. This was very obvious in the case of New York
which failed to manage earlier hurricanes. Similar situations can be reported from
Germany were Deutsche Bahn AG had completely shot down all services during the
hurricane Kyrill in 2007 after the company has gone through a rather bad crises
management during hurricane Lothar in 1999. Profiting from earlier lessons seems to
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be, however, easier for storm events, where protection of expensive rolling stock and
human lives through operation suspensions can be achieved, compared to general
floods endangering large network parts. But in any case proper communication to
customers and employees, using all traditional and new media channels, helps gaining acceptance and support for various types of measures.
From the panel contributions we learn what we have seen in the theoretical analysis
of the WEATHER project already: floods constitute by far the most costly type of
natural hazard. There are some clear links of natural hazards to climate change acknowledged by public services. These include increasing flood frequencies in Switzerland and Australia: the thawing of permafrost soil in higher mountain areas, higher
frequency and intensity of heat events in already affected areas or sea level rise with
associated impacts on storm surge activities. But not all national planning systems
find this clear link between natural catastrophes and climate change. In many cases
attention is given to the ever increasing asset values of transportation systems and
other human installations boosting economic losses over time.
Technical installations, i.e. to protect key infrastructures, are in some places essential, but generally appear less efficient than investing in human management capabilities. But particularly in the case of the expensive, highly developed infrastructures in
the Alpine territories of Switzerland, investments in physical protection systems are
unavoidable. This also holds for the protection of coastal and river-side regions from
flooding. But here construction codes and the identification of particularly risky or
flood-prone regions are a well established low cost measure to bring down damage
costs without an extreme rise of investment costs. This strategy is followed by Australia and Bulgaria to prepare for future flooding. Finally, the Swiss and Bulgarian
examples revealed another of our previous findings: the railways are in generally
more vulnerable than the road sector due to its expensive infrastructures and complex operations.

1.3

Overview of the Panel contributions

We see the potential of good crisis management very impressively from the case of
the New York transit system reviewed by Schofer et al. (2012). Following two very
costly events with a bad crises management, the hurricane Katrina in New Orleans
2005 and the Boxing Day Snow Storm in New York 2010, the attention of political
leaders and transport officials was raised, leading to the decisive decision to shot
down the entire public transport system to protect human lives as well as rolling stock
and infrastructures. A number of lucky circumstances, such as the slow approach
speed of the storm and its arrival at New York on a weekend, fell together with the
clever use of new media channels to inform users well in advance giving them time to
prepare for alternatives. The case has shown that the complete shot down and later
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re-start of the United States’ largest metro system is technically and organisationally
feasible and is well accepted by the customers. A theoretical assessment of the decision structures using Monte Carlo techniques has revealed that there is a high value
for timely information on the storm propagation as well as on vulnerabilities and activitiees in the network. The report concludes by stating that system shot-downs could
also be appropriate solutions for other cases where transport systems are exposed to
weather extremes.
The contribution of Chhetri et al. (2012) on heat waves, bushfires and floods in Australia review the possible decision options of governmental agencies in the case of
extreme weather events: codes of practice, operation and management plans, conditional licenses/approval/accreditation and fitness for purpose obligations. The general
findings of these inquiries pointed out that existing transportation and infrastructure
systems were not able to cope with disaster situations that are considered extreme
although in each instance there were high levels of commitment, collective effort and
goodwill of all stakeholders. After the Victoria Bushfires the standards of road construction and rail operations shall be ensured, a bushfire management overlay and a
State Planning Policy for Bushfire prone Regions shall be installed. As consequence
of the 2009 heat wave railway operations network maintenance practices and infrastructure standards shall be reviewed and after the recent floods in Victoria and
Queensland adaptation by infrastructure investments shall be combined with awareness raising and response plans. It is found that post-event actions most likely result
in only marginal improvements in resilience to such events unless a systematic and
structured response as recommended by the inquiring committees is adopted. Additional to the above strategies which focus primarily on preparedness for event occurrence, is the acknowledgement that a further concerted effort is needed for mitigation
and post-event recovery in the immediate and longer term.
Kuhn (2011) analyses the costs of closure of the Desert Road in New Zealand due to
natural hazards. Interestingly, travel times and accident costs (in the wider area) declined when the Desert Road was closed, but there were large costs associated with
people choosing not to make trips. It was reported that snow and ice on the Desert
Road alone could be expected to cost an average of 1.86 million NZD a year (1998)..
Various mitigation strategies have been proposed or are in use. The most noteworthy
is probably a snow and ice management system which integrates data from weather
stations and sensors embedded in the road surface. The Canterbury Earthquakes
were chosen a second example demonstrating local decision making after extreme
events. There were more than 50,000 road surface defects reported after the earthquake (Christchurch City Council, 2011). The total cost of all repair and reconstruction activities in Canterbury is being estimated at roughly 30 billion NZD, with repair
of civilian infrastructure including roads costing 2 billion NZD. Some interesting and
not at all obvious issues have been raised during the response and recovery to the
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Canterbury Earthquakes. The Christchurch City Council temporarily removed cycle
lanes to reduce traffic congestion and is also proposing a vast and costly light rail
system as well as turning a number of busy one-way roads into two-way roads. The
proposals have been criticized by traffic engineers but seem to reflect an understandable desire to raise the flagging image of the Christchurch Central Business
District (CBD) as a place to work, live, and shop.
Maibach et al. (2012) conclude on the Swiss situation that although the occurrence of
events has remained stable the damage potential due to dense population and dense
transport networks has increased. The alpine transport network in Switzerland is getting more vulnerable especially in the summer time and during precipitation periods.
The rise of the permafrost zone is strongly linked to climate change issues. Other
natural hazards like flood incidents are not seen as directly causally linked to climate
change. Independent to these risks the standards of prevention and case management in the transport sector have always been rather high in alpine zones. Thus the
institutions are not confronted with new type of events. The new challenge is, however, the implementation of integrated risk management approaches with different
sectors and actors. In general the vulnerability of the railways is somewhat higher
than in the road sector. Nevertheless the situation for road is more complex due to
the size of network and the different institutional levels. The dense road and rail network in Switzerland facilitates co-modality in order to solve possible access problems
during a closure of one transport mode. The most important adaptation measures are
improved planning and early detection tools, specific risk maps and classification and
detailed incident management plans in case of emergency. The need for (additional)
action in the transport sector is not as high as in other infrastructure sectors. All in all
there is still a learning process within the elaboration and implementation of the
Swiss adaptation strategy with regard to climate change issues.
Karagyozov (2012) examines the impact of natural disasters on transportation systems in Bulgaria. Among several extreme events flooding is the most costly event in
the country, and the major problems are related to inefficient management of waters,
especially dams which overflow after intense rainfalls and snow melting. Looking at
disaster events in general and at the 2005/2006 series of seven flood events in particular it has been established that there was insufficient readiness of government
agencies to act appropriately in the management of extreme events. Although a
number of new laws and legislations have been issued after the events, emergency
management actions during the events have proved less effective and in some cases
even harmful to the provision of logistics operations and functions in supply chain
management. After the initial activation to overcome the damage and develop a
strategy and policies calmness and neglecting of preventive actions have occurred.
Moreover, with the last change in the cabinet structure after the elections in 2009, the
Ministry of Disaster and Accidents was closed and its functions were transferred to
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the Ministry of Interior and other public agencies and bodies. The new measures include centralization of the control on the technical condition of more than 3000 mainly
privately owned dams by an establishment called “Dams and Cascades" and the
development of risk maps..
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2

USA: Hurricane Irene and New York Transit

2.1

The case

New York is the largest city in the U.S., it is densely populated, and it relies heavily
on public transportation for passenger travel – 2/3 of the rail transit passengers in the
U.S. are in the New York region (National Transit Database, 2010). This is a coastal
region, and the central city is close to sea level, making the possibility of storm
surges a real threat. Manhattan Island, the core of the region, relies on bridges and
tunnels to link it to New Jersey on the west, suburban and upstate New York on the
north, and Queens, Brooklyn and Long Island on the east (Figure 1). Much of the rail
transit system in the center of the city is below the surface.

Figure 1:

New York Metropolitan Area Showing Principal Rail Lines
(Schofer et al., 2012):

Schofer et al. (2012) describe the impact of the large-scale category 3 hurricane
Irene on the operational decision to shut down the entire metropolitan transit system.
Irene approached the east coast of the U.S. in the last week of August of 2011 bringing about wind speeds up to 209 kph, heavy rains and floods leading to power outages throughout North Carolina, Virginia, Maryland, Washington, DC, Delaware and
Pennsylvania.

2.2

Decision process

Hurricane Irene was predicted to strike New York City late on Saturday (August 27th)
or early Sunday (August 28th). In the face of such forecasts, New York prepared for
the worst. Based on established policy, a decision was made on Friday, August 26th,
to start shutting down the entire MTA mass transit system starting midday on Saturday, largely based on the wind forecasts. A similar, but independent, decision was
made by New Jersey Transit.
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The decisions to shut down the transit system in the face of Hurricane Irene was
guided by the desire to avoid putting people – riders and employees – as well as rolling stock, at risk to the forces of the storm. The New York Metropolitan Transportation Authority (MTA) hurricane policy was developed at the direction of Mayor Michael Bloomberg by MTA management in collaboration with New York State and
county Offices of Emergency Management based on lessons learned from Hurricane
Katrina.
New York MTA officials documented the lessons from Katrina in their own hurricane
response plan. The MTA hurricane response plan had not been implemented prior to
Irene, but coordination was strong, actions were decisive, and public communication
was comprehensive and effective. In the end, few if any people were stranded waiting for transit service during the shutdown.
The severe snow storm that struck New York on Sunday, December 26, 2010, the
Boxing Day snow storm, was probably the most important, immediately-prior experience informing the response to Irene, because this was close to home, it was a public failure in New York, it was recent, and thus the same agency leadership was involved (Peltz and Hawley, 2010). The cost to the MTA was estimated to be $30m,
including overtime pay ($14m) and lost revenues ($16m). In addition, there was a
series of damage claims that the City of New York paid. In the spring of 2011 the
New York City Council passed a series of bills defining when to activate emergency
operations, to seek help from other agencies, and to notify the public about service
disruptions (Freedlander, 2011).
Three factors motivating preparation for Irene by the entire community can be encountered:
• Timing of the storm, including proceeding heavy rainfalls in Virginia, the slow moving speed of the hurricane (23 kph) giving people plenty of time to decide and act
as well as the fact that Irene hit New York City on a weekend (Sunday ridership on
New York subways and busses is about 46% of average weekdays).
• Aggressive and clear communications about the risks of Irene from public officials,
Leadership played a strong and clear role in describing the hazards of the approaching hurricane and the need to prepare for them.
• Social amplification – less a factor in transportation management decisions, but
the large and dense population made it easy for people to see others preparing for
the worst.

2.3

Emergency management procedures

Low lying parts of the city, shown as Zone A in Figure 2, were designated for mandatory evacuation, affecting about 370,000 residents, a large group although only a

WEATHER D4: Adaptation Measures

small fraction of the regional population. Residents were warned in advance to
evacuate, and special bus services were deployed to accommodate those would
could not relocate on their own. Public relocation centers had been identified in advance and those without private relocation options could move to these centers, using their own means or public transit services.

Figure 2:

Evacuation Zones in New York City, NY (Bloch, 2011)

The shutdown of the transportation system was initiated well in advance of the expected arrival of the hurricane. Vulnerable parts of the highway system – low lying
roadways and exposed bridges - were included. Closing some elements of the system took many hours to complete. To facilitate moving travellers rapidly to secure
locations in advance of the storm, at 8:00 p.m. on Friday night (Halbfinger, 2011) the
MTA stopped fare and toll collection on rail, bus, ferries and bridges serving evacuation zone A, including the barrier islands on the south side of Long Island.
Transportation agencies used multiple channels to communicate service status and
plans to the public. Important advances in digital communications made it possible to
keep travellers informed, to reduce surprises they might encounter en route, and
thereby to minimize impacts of service shutdowns. That there was ample warning of
the approaching storm made this possible: operations management decisions and
actions were well-planned, not precipitous, and there was plenty of time to warn travellers. When Hurricane Katrina struck New Orleans in 2005, there was less dependence on the Internet to inform the public, smart phones were just coming into use,
and the only social media platform was MySpace - Facebook was still a student-only
social network and Twitter did not exist.
In advance of the hurricane, and as a part of the service shutdown activities, all MTA
agencies and NJT relocated rail cars from low lying, flood prone yards (Coney Island
and 148th Street-Lenox Avenue subway car yards) to higher ground or protected
underground locations, such as Grand Central Terminal. To protect the lowest yards
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and under-river tunnels from storm surges, inflatable dams, wood barriers, and sandbags were installed after trains were evacuated (Figure 3).

Figure 3:

LIRR employees fill an Aqua-Barrier with water to help prevent
water from flowing into tunnels to Penn Station (MTA/Kettell,
2012)

To ensure sufficient staffing for safe shutdown and restart, all vacations were suspended and key management and other employees (e.g., maintenance of way personnel) were warned to expect to remain on duty through the storm.
Beyond routine operations management structures, facing Hurricane Irene, the MTA
established an Executive Command Center (ECC), bringing together top agency
managers (President, Vice Presidents, liaison personnel, a scribe for documentation,
etc.) to coordinate activities across system components – MNRR, LIRR, MTA subways and buses.

2.4

Impacts of Irene

New York City’s transit system suffered significant but recoverable damage from Hurricane Irene. Perhaps the most widespread impact was wind damage caused by
fallen trees, which blocked rail lines and surface streets and brought down some catenaries. The bulk of tree-related damage occurred in suburban areas, affecting
Metro North and Long Island Railroads, as well as MTA trains, buses and motor vehicle traffic.
Hardest hit of the surface commuter rail lines were the Metro North Hudson and Port
Jervis Lines. Damage to Port Jervis, which is on the west side of the Hudson River
and is operated by New Jersey Transit, was so extensive that the full line did not reopen until the end of November, 2011, three months after the hurricane passage.
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Figure 4:

Roadbed on the Port Jervis Line was undermined by flood waters
between Sloatsburg and Harriman, Orange County, NY
(MTA/Ring, 2012).

A full accounting of the direct costs of Irene to the New York area transit system is
complex and not yet available. The costs include at least these factors:
• Costs to prepare for the shutdown, including incremental personnel and materials
costs, emergency transportation,
• Costs of operations management during the shutdown - extra personnel
• Lost revenues during preparations, when some services were operated fare-free,
and during shutdowns
• Post-storm clean-up costs – mainly tree removal and pumping flooded facilities
• Incremental operating costs for shuttle buses replacing Port Jervis and other services
• Post-storm repair costs, the bulk of which were for rebuilding sections of the Port
Jervis Line.
Because of the decision to shut down the transit system to protect people and capital
assets, restoration was rapid, with the exception of the Port Jervis commuter rail line,
where substantial reconstruction was necessary.
It is logical to ask why the entire transit system – New Jersey Transit and the MTA –
was shutdown, as opposed to closing only the most vulnerable components. Recall
that this region is the most transit-dependent of any city in the United States, and so
preserving some rudimentary service might seem highly desirable. In retrospect, senior managers were satisfied with the system-wide shutdown decision
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2.5

The value of information

To reveal insights about the tradeoffs in the decision-making situation, i.e., to identify
the sources of uncertainty, the possible consequences/costs, and importantly how
the scale and distribution of these parameters influence managerial decision-making,
decision analysis and Monte Carlo simulation was applied to characterize the general
effect of several factors on the decision to shut down transit service in the face of a
severe weather event. The model leads to valuable insights about the risks borne by
transit operators, which depend on the exposure of their assets, personnel and customers, as well as their ability to protect them.
In this numerical example, investments that reduce the lead-time needed to prepare
in advance of a weather event, and that allow for agencies to receive additional,
more accurate weather forecasts, can lead to significant cost savings.

2.6

Lessons learned

A primary lesson learned is that it is feasible to shut down and restore transit services
over a short time interval even in this highly transit-dependent region. Here feasibility
means that the shutdown and service restoration can be accomplished without massive negative response from riders, the community, and regional leadership. Of
course there was substantial disruption of economic and social activities – that was
unavoidable.
A second lesson was that even though most damage was less severe than expected,
the effects of the storm were of sufficient magnitude and extent that the wind velocity
and storm surge shutdown criteria were confirmed. Under extreme circumstances, it
is wise, and it is feasible, to shut down the transit system to protect human and material assets.
Third, the decision to secure people and property, to relocate rolling stock and attempt to minimize flooding, achieved the desired end. Both passengers and employees were safe through the storm, and the rolling stock and most of the infrastructure
were positioned for a rapid restart of services after the storm passed. Relaxing some
rules and procedures, e.g., eliminating fare collection and permitting pets, helped
facilitate evacuation and shutdown.
Fourth, the success and general public acceptance of the shutdown were substantially attributable to a highly effective communications plan that informed customers,
employees, and collaborating agencies about the risks of the approaching storm, and
the status and plans for the transportation system.
Irene was effectively a natural probe – it tested the vulnerability of the transit system
to extreme weather assaults. A fifth lesson was identification and/or confirmation of
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those vulnerabilities. Some were known, and responses to them were available and
applied, e.g., flooding and damage to trees.
The sixth lesson learned focused on the effectiveness of actions to protect transit
system assets. Rolling stock was successfully protected by relocating it to secure
areas, i.e., areas not prone to flooding.
A seventh lesson focuses on management in the short and long term. The command
and control structure developed for Irene, worked well. Such system-wide, regionwide coordination was a valuable part of the response process.
The overall event management process was facilitated by the existence of the hurricane response manual developed in response to Hurricane Katrina 6 years earlier. At
least for the MTA, Katrina represented what may have been the most important lesson learned about preparing for large and severe weather events. This process of
purposeful and continuous learning should help transportation managers in New York
and elsewhere sharpen their ability to respond to and prepare for future severe
weather events.
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3

Australia – Bushfire, Heat Wave and Flooding

Australia is a country subject to a vast array of climatic regimes. In recent years it has
had continuous exposure to various weather events such as drought, prolonged periods of extreme temperatures (heat waves), bushfires, cyclones and floods. The intensity and likely frequency of these events is forecast to significantly increase over
the next 20 to 50 years as a result of climate change. Australia’s transport systems,
physical and social infrastructure will be exposed to greater disruption as a direct
result of these weather events. Since Australia is predominately a commodity export
driven country, any impact on the country’s transport infrastructure directly impacts
GDP and living standards. As a consequence, government agencies have been reviewing these major climatic events to develop a series of adaption strategies to assist in the preparedness of the nation, including transport systems, to cope with future weather events.
One of the major issues Australia faces in planning for its transport system to adapt
to climate change is the fragmented nature of the sector. The options which are open
to government to facilitate adaption to climate change include:
1.

Codes of practice

2.

Operation and management plans

3.

Conditional licenses/approval/accreditation

4.

Fitness for purpose obligations.

How Australia is responding and adapting to these recent major weather events is
explored in this report through three case studies. These include:
• The 2009 Victorian ‘Black Saturday’ Bushfires
• Heat waves in Victoria
• Flooding in Queensland and Victoria.
The case studies explore the magnitude of damages to infrastructure assets and
operations, user time losses and safety; the protection measures existing before the
event and how effective these have been; and the adaptation strategies after the
event and the policy instruments applied.

3.1

Victorian Bushfires

Bushfire is a significant public health and safety issue. Fatal injuries and destruction
of properties from bushfires continue to be a significant problem in Australia. The last
week of January 2009 was one of the most extreme and protracted heat waves ever
for the Australian state of Victoria. For three consecutive days, the temperature in
Melbourne was above 43°C (the first time in recorded history).
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3.1.1

Damage

The bushfires significantly impacted transport infrastructure, shutting road and rail
networks for extended periods and in particular, the capacity to resupply affected
areas. The total cost of the bushfires has been estimated at $AUD 4 billion, with road
and rail services taking months before being normalised. The Country Fire Authority
(CFA) and the Department of Sustainability and Environment (DSE), the state’s primary bushfire agencies, warned that forests and grasslands were at their driest condition since the disastrous Ash Wednesday fires of 1983. Multiple bushfires ignited
throughout the state and as the powerful winds of the morning changed to an intense
storm by the afternoon the fires increased greatly. Three hundred and sixteen of
these grass, scrub or forest fires were attended or patrolled by CFA and DSE. Figure
5 shows the major locations of bushfire incidents.

Figure 5:

3.1.2

Major sites of bushfire in Victoria (Carson, 2009)

Existing protection measures

Some of the key existing measures in place were not well designed nor understood
clearly enough to deal with the size and extent of extreme bushfire events. These
include:
• The Wildfire Management Overlay (WMO) which detects areas where the strength
of wildfire is considerable and can cause danger to life and assets. WMO’s intention is to make certain that building development in areas subject to high fire risk
includes appropriate fire protection measures
• The ‘Stay or Go’ policy was revisited and modified to ‘Prepare, Stay and Defend or
Leave Early’ to be clearer for future extreme bushfires.
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3.1.3

Adaption strategies

Following the bushfires, a Royal Commission was held to attempt to avert future loss
of life and infrastructure should such an event occur again. A core adaption strategy
was increased preparedness to respond to such an event and the establishment of
formal communication systems to forewarn those exposed to similar risk in the future,
and response plans. The four options open to government have been applied as follows:
• Codes of practice – ensure all roads operated by VicRoads adhere to 1985 Codes
of Practice
• Operation and management plans – development of Rail Operations Management
System
• Condition licenses – introduction of Bushfire Management Overlay
• Fitness for purpose obligations – a State Planning Policy for Bushfire Prone Regions.

3.2

Heat waves

From 27 January to 8 February 2009 south eastern Australia experienced an intense
heat wave which in comparison with previous events, was regarded as one of Australia’s most intense periods of high temperatures. It followed 13 years of drought (below average rainfall) and in that 2009 period the heat wave accounted for an estimated 500 deaths in Adelaide and Melbourne and resulted in financial losses from
mainly power outages, disruptions in transport services and poor responses to
needs.
A heat wave is a condition of severe, extensive and prolonged exposure to high ambient temperatures. Ambient heat impact on infrastructure is rarely considered to hold
the same importance as other high impact events such as bushfires or cyclone because it is not as immediate in effect, but the impact of heat stress can be significant
for human health, workplace health and safety as well as temperature sensitive components of transport systems. In the course of climate change research, the extent
and frequency of exceptionally hot years have been found increasing rapidly over
recent decades and the trend is expected to continue (Figure 6).
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Figure 6:

3.2.1

Temperature, Rainfall and Evaporation Projections by 2030. Median projected changes in annual-average temperature, rainfall
and potential evaporation by 2030, relative to 1990, for the midrange A1B emission scenario (Hennessy et al., 2008).

Damage

The cost of the 2009 heat wave is estimated at $AUD 800 million due to power outages and transport disruptions, resulting in 25% of metro train services being cancelled, rail lines buckling, bitumen on major highways bleeding, concrete slabs lifting
and cracking and traffic signals malfunctioning. In addition, port facility productivity
declined through vessel delays and reduced crane capacity.

3.2.2

Adaption strategies

The four options put forward to government have been applied as follows:
• Codes of practice – none currently implemented
• Operation and management plans – public transport providers have developed
management plans for staff, passengers and standby contingency equipment to
rapidly respond to issues at times of excessive heat
• Condition licenses – enhancing and maintaining existing above and below rail
infrastructure to cope with excessive heat
• Fitness for purpose obligations - modernisation of transport infrastructure to be
able to withstand future excess heat events, for example increasing replacement
of wooden sleepers from 22,000 to 64,000 per year, additional rail ballast and
changing to continuous welded joints.

3.3

Flooding - Queensland & Victoria Focus

The Monsoon season in Queensland typically begins in December each year. In
2010/2011 Australia experienced an extremely strong La Niña effect, the second
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strongest in its history. La Niña is the positive phase of the El Niño Southern Oscillation which is the cooler than average sea surface temperatures (SSTs) in the central
and eastern tropical Pacific Ocean which normally results in higher than average
winter, spring and early summer rainfall over much of Australia. Ocean temperatures
around Australia were near record high levels, there were more frequent low pressure systems over Australia and more humid conditions than usual, all accompanied
by heavy monsoonal rainfalls. Excessive rainfall across much of eastern Australia in
2010/2011, together with record cyclone activity (Figure 7) caused severe flooding
and damage to transport and other infrastructure.

Figure 7:

Map showing Tropical Cyclone Yasi superimposed over the USA
to demonstrate the magnitude of the event (Archer and Mastrosavas, 2011)

Queensland: The Brisbane city flood gauge exceeded its major flood level on 12
January. Power had to be switched off to many parts of the central business district
resulting in most businesses closing. Flooding also had a substantial impact on road
conditions making some local roads inaccessible. Highways were cut off, roads were
washed out and bridges were submerged in floodwaters. Communities living in rural
and regional Queensland had difficulty in getting to the nearest town. The towns of
Theodore and Condamine were fully evacuated and over 22 towns and more than
200,000 people were severely affected. Forty one local government areas were declared disaster areas with significant disruption to mining, agriculture and other industries.
Victoria: From September 2010 to February 2011, Victoria experienced some of the
worst floods in the state’s history. For four days from 12 October 2010 heavy rainfall
caused flooding in the northern catchments, particularly along the Murray River, upstream of Lake Hume. The highest rainfalls were in the north east of the state, with
many places recording in excess of 120mm for the four days. In November, heavy
rain continued, particularly in the north east of the state, with Mt Hotham recording
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94.4 millimetres (mm) in 24 hours. How Australian infrastructure was affected by the
floods of 2010/2011 is shown by the number of major road closures in Figure 8 (each
purple spots represents a major closure due to flood waters).

Figure 8:

3.3.1

Major Road Closures due to floods 2010/2011 (Lost Press Marketing, 2011)

Damage

The Queensland Floods are viewed as one of the most expensive disasters in Australia’s history costing between $AUD 13 billion and $AUD 30 billion. Australia’s coal
exports were dramatically reduced as supply chains were cut dragging the national
economy backwards. The Port of Brisbane was shut down for ten days and the
channel depth reduced, costing nearly $AUD 500 million. Brisbane’s entire public
transport system was affected, the ferry network in particular being destroyed. Lost
rail revenue was calculated at $AUD 26 million, infrastructure repairs an estimated
$AUD 1 billion, and there was $AUD 213 million trucking industry loss.

3.3.2

Existing protection measures

There were existing plans and authorities responsible for management of flood related activities but there is general consensus that these were inadequate for extreme situations.

3.3.3

Adaption strategies

Of the four options open to government they have been applied as follows:
• Codes of practice – ensure safeguarding of existing transportation and logistics
infrastructure through the Victorian Flood Management Strategy 1998, the Water
Act1989 and the Emergency Management Act 1986, Dam Safety Management
Guidelines, and Australian Government Emergency Management Planning
(Floods)

WEATHER D4: Adaptation Measures

• Operation and management plans – improve management of roads, bridges and
dams by reviewing and updating existing guidelines, and provide assistance to local governments to enhance their ability to cope with extreme weather events
• Condition licenses – state road and water authorities to enhance and clearly define roles and responsibilities
• Fitness for purpose obligations – authorised government agencies to provide
timely information to the public and communities in preparation for floods, and to
improve public awareness and education of those in risk areas.

3.4

Overall Remarks

The 2009 heat wave, the Queensland floods and Victorian floods, and bushfires all
instigated high level government inquiries aimed at assessing the effectiveness of
existing transportation provisions and the capacity of logistics infrastructure and
management support systems in coping with extreme weather events, which are not
uncommon in Australia but which seem to have become extreme and more frequent
in recent decades. The general findings of these inquiries pointed out that existing
transportation and infrastructure systems were not able to cope with disaster situations that are considered extreme although in each instance there were high levels of
commitment, collective effort and goodwill of all stakeholders.
Furthermore, the analysis of such extreme events generally finds that post-event
actions most likely result in only marginal improvements in resilience to such events
unless a systematic and structured response, as recommended by the inquiring
committees, is adopted. Additional to the above strategies that focus primarily on
preparedness for event occurrence, is the acknowledgement that a further concerted
effort is needed for mitigation and post-event recovery in the immediate and longer
term. Plans need to be prepared for the execution of projects targeting upgrades and
repairs to social, economic and logistics infrastructures with a view that they become
more resilient in the future.
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4

New Zealand – Lahars and Earthquake

The contribution by Kuhn (2011) describes, at a high level, experiences with damage
caused by natural catastrophes and adaptation strategies with focus is on transportation system management in New Zealand. Two case studies are be used to inform
debate: the case of lahars and landslides on inter-urban road and the 2011 earthquake in Canterbury.
The first case study focuses on the management of a section of New Zealand State
Highway 1 known as the Desert Road. Historically, the Desert Road has been frequently closed to traffic due to the presence of snow and ice on the road surface.
Additional natural hazards including lahars, volcanic ash, earthquakes and flooding
threaten the Desert Road. For this case study, this report aims to briefly describe the
hazards threatening infrastructure assets and operations as well as historical impacts
and mitigation strategies employed or under development.
The second case study focuses on the recent Canterbury Earthquakes. Although the
earthquakes are not weather events, problems posed and mitigation strategies employed are comparable. For this case study, this report aims to provide brief overviews of relevant prior research, the transportation system impacts of the earthquakes, and response and recovery strategies currently underway.
The third section aims to draw together the earlier sections and develop some general ‘lessons learned.’ Commonalities across effective and promising potential mitigation strategies include: effective gathering and communication of data, the use of
sophisticated and computerized ‘management systems’ and the consideration of multiple and time-varying objectives or criteria during decision making.

4.1

Lahars on the desert road

The Desert Road is a 53 kilometre long section of New Zealand State Highway 1
running North-South through the centre of the North Island of the country between
the towns of Waiouru and Rangipo. It is an important link in the road transportation
network of the country, part of the primary route between the largest city, Auckland,
and the capital, Wellington. There are few alternate routes to use when the Desert
Road is closed, and most require large and timely detours. There are no significant
entrances or exits to State Highway 1 on the stretch known as the Desert Road.
The Desert Road runs through an area where natural hazards are an ever present
danger. The road sits directly beside Mount Tongariro, Mount Ngauruhoe, and Mount
Ruapehu, all active volcanoes. There are substantial crater lakes on Mount Tongariro
and Mount Ruapehu, as well as glaciers in the area. Mount Ngauruhoe has erupted
45 times in the 20th Century. Mount Ruapehu is the largest active volcano in New
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Zealand and one of the largest in the world, according to the New Zealand Department of Conservation. There were major eruptions at Ruapehu in 2005 and 2006,
and a large scale lahar was generated when a wall of the crater lake gave way on 18
March, 2007 (NZ Herald, 2007). The road also lies very close to Lake Taupo, which
is actually the caldera of a super-volcano. Lake Taupo was formed during the Oruanui eruption of the Taupo volcano, the largest known volcanic eruption of the past
70,000 years (Wilson, 2001).
On a statistical basis, the highest volcanic risk to human life in New Zealand is from
lahars from Mount Ruapehu (Houghton et al., 1987). Of particular importance for this
work is the note that many potential lahar paths cross the Desert Road. Figure 9
shows three likely paths of lahars generated by the collapse of a wall or ejection of
water from the crater lake at the top of Mount Ruapehu. The road indicated at right in
this figure is the Desert Road, and the number 45 next to it indicates that a lahar from
Mount Ruapehu would reach the road in roughly 45 minutes. Note also that this lahar
path, and others, cross other roads and rail lines in the area as well.
Looking through the historical record and relevant literature, it is difficult to estimate
the order of damages to the Desert Road, user time losses, and safety risks (Dalziell,1998) is the most substantive prior effort this author knows of that attempted to
investigate the issue. The author used a traffic simulation package to model traffic
conditions during road closures, after compiling available data to estimate the frequency of road closures due to extreme weather (and other) events. Arguably the
most dramatic detail of the results is that there are an estimated 18,000 NZD per
hour of costs due to ‘cost of lost user benefit’ to account for the fact that people
would choose not to travel if the Desert Road were closed. Travel times and accident
costs in the wider area actually decline when the Desert Road is closed.
The cited study goes on to compare the different hazards, coming to the conclusion
that ’snow and ice is the most significant hazard, costing the New Zealand economy
an average of 1.86 million NZD a year‘ (Dalziell,1998, Page 126).The result is largely
due to the frequency with which snowy and icy conditions force road closures. Historically, ice on the road surface has been the most common cause of Desert Road closures (Works Consultancy Services, 1996).
Volcanic activity can, however, produce dramatic and tragic results. A lahar in the
area of the Desert Road led to the Tangiwai disaster. On 24 December, 1953, the
lahar damaged a railway bridge over the Whangaehu River near Tangiwai on the
main railway line between Auckland and Wellington. The bridge collapsed as a train
carrying 285 people was crossing the river that night. Six out of eleven train carriages
fell into the river and 151 people died.
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Figure 9:

Map of likely paths of Mount Ruapehu lahars (Houghton et al.,
1987)

Other impacts deteriorating New Zealand roads are ice and snow, flooding, volcanic
eruptions and earthquakes.
There are numerous mitigation strategies available to the New Zealand Transport
Agency, the authority which manages the Desert Road, to try to limit the damage
done by extreme weather (and other) events. Generally, the strategies considered for
the Desert Road aim to ensure the road is closed when substantial dangers exist, to
inform drivers when the road must be closed, and to minimize the frequency and duration of road closures. This reflects the nature of the Desert Road and the hazards
that confront it; keeping the road open at all times would be an unrealistic goal.
Many benefits are realized simply by providing road users information regarding road
and weather conditions. The New Zealand Transport Agency now provides frequently
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updated information to the public regarding conditions on the Desert Road (and on
other State Highways). Such information can be accessed instantly by going to a
specific set of pages on the internet managed by the NZTA, by subscribing to a set of
RSS feeds on ’traffic bulletins’, ’North Island highway info’, etc. But one group of authors found that ’the presence of ice warning signs was not a significant factor in reducing ice-accident frequency or ice-accident severity’ (Carson and Mannering,
2001). There even exists the possibility of perverse effects, where warning systems
could actually increase risk if they distract a driver.
The New Zealand Transport Authority is also developing snow and ice management
systems that provide information not to the public but rather to roadway managers.
Such systems would provide substantially more detailed information than would be
provided to the general public, including data from sensors embedded into or near
the road surface reporting ’visibility, road surface temperature and condition (icy,
snow-covered, wet, bare, etc.)’ (Andrey et al., 2001). Dalziell (1998) used simulation
to estimate the cost-benefit ratios for various extreme event mitigation strategies. The
study found that this is a very cost-effective mitigation option, definitely worthy of further investigation.
The same arguments support the development of other information systems which
could be used to mitigate the dangers posed by other natural hazards such as lahars,
volcanic ash, earthquakes, flooding, etc. Special attention must be paid to bridges
and overpasses when investigating transportation networks in the context of natural
hazards. Bodies of water can carry rocks and debris at great velocity, quickly destroying the foundations of transportation infrastructure.

4.2

Canterbury earthquakes

Three earthquakes of magnitude 6.3 or greater centered close to Christchurch, New
Zealand struck on September 4, 2010, February 2, 2011 and June 13, 2011. The
three quakes are often referred to as the Canterbury Earthquakes. All three earthquakes caused substantial damage to homes and businesses in and around Christchurch, as well as to local transportation systems. The February 2 earthquake
caused the bulk of the damage; 181 people were killed in this earthquake. The Canterbury Earthquakes are interesting to examine in the context of this report for a few
reasons. The widespread damage the Canterbury Earthquakes did to transportation
systems, the short and long term changes in travel demand patterns, and, more generally, the transportation challenges faced all resemble the likely results of extreme
weather events. The mitigation strategies implemented and the issues raised are
also highly relevant to the management of transportation systems after extreme
weather events.
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The Canterbury Earthquakes caused and continue to cause problems for local transportation systems. Arguably the most visible signs of these problems are the damaged roads in Christchurch. There was substantial soil liquefaction in the Christchurch Central Business District (CBD) and Eastern suburbs of the city. Road surfaces buckled as cracks opened up and small ‘volcanoes’ or ‘boils’ of sand and silt
appeared. Figure 10 contains a map of the extent of liquefaction in different areas of
Christchurch.

Figure 10:

Map of liquefaction severity in Christchurch (Cubrinovski. and
Taylor, 2011)

Immediately after the February earthquake, roughly half of all links in the Christchurch road network were damaged and more than 50,000 individual road surface
defects have been recorded across the city (Christchurch City Council, 2011). Another set of related problems was caused by the presence of over 130,000 tonnes (ONE
News, 2011) of sand and silt brought to the surface of Christchurch streets, lawns,
gardens, etc.
It is difficult, at this moment in time, to even roughly estimate the costs of damage to
the road system either in terms of direct costs for road maintenance, repair and reconstruction activities or in broader terms incorporating user time losses, business
interruption losses, increased vehicle maintenance expenses, etc. The total cost of
all, public and private, repair and reconstruction activities is widely quoted at just under 30 billion NZD (see, for instance Conway, 2011).
In the immediate aftermath of the earthquakes, efforts were undertaken to ensure
transportation systems were safe and to use such systems to support response efforts. Civil Defence forces were the primary decision makers initially, later passing
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authority on to the Canterbury Earthquake Recovery Authority (CERA), the Christchurch City Council (CCC) and others.
The Christchurch City Council has made the quick repair of roads a priority during the
ongoing recovery phase of operations. In late October, the Council reports that ’approximately 90% of the temporary repairs required to make the roads safe have now
been carried out’ (Christchurch City Council, 2011). One of the more controversial
mitigation strategies employed by the City Council was to temporarily remove bicycle
lanes from heavily congested roads.
The most interesting aspect of the CCC’s ’Central City Plan’, at least from the perspective of a transport engineer, is its proposal to build a light rail system in Christchurch. The goal appears to be to make the Christchurch CBD an attractive place to
live and work again, and not to improve transport per se. The Central City Plan goes
on to suggest greater use of shared spaces in the CBD where pedestrians, bicyclists
and automobile traffic would share road space.

4.3

Discussion

One of the themes of the earlier chapters of this report has been the importance of
gathering and communicating data. On the Desert Road, it is critical to gather
weather and natural hazard data both to inform drivers when attempting to cross the
section of highway would be dangerous and to inform decision making regarding
when to open and close the road. Note that the Tangiwai disaster could have been
prevented and 151 lives saved, if information regarding the presence of and danger
posed by the lahar had been gathered and communicated. After each of the Canterbury Earthquakes, one of the first steps was to check airport runways, rail lines,
bridges, and other transportation infrastructure for damage and to communicate findings. In the weeks and months after the earthquakes, it became imperative for public
agencies to communicate with local developers, local firms, other organizations, and
the public regarding both current, local conditions and long-term plans.

4.3.1

Management Systems

Once communication systems are in place and information has been gathered, there
is the potential to construct sophisticated computerized management systems to extract the maximum possible benefit out of available data. For example, management
systems use data from road and weather sensors to forecast where and when roads
will be icy. They might suggest that CMA be applied in such a situation. If the responsible engineer agrees, the system might (in the future) automate the procurement of services or automate the required reporting of the situation. It is interesting to
note that the Christchurch City Council has been extensively using its RAMM pave-
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ment management system to monitor and report on its repairs of local roads after the
Canterbury Earthquakes, as discussed earlier.
Management systems aid communication and coordination among: regional (or national) bureaucrats, local engineers and managers and works contractors. Such systems can enable facility condition monitoring and coordination of activities on adjacent facilities, done by different organizations, etc. Management systems are also,
first and foremost, built to store and use data. Many such systems started out as
simple databases. Benefits of systems can include: reduced costs and/or impacts,
clearly defined serviceability goals and goal tracking, improved transparency in decision making, the ability to predict consequences of extreme events and/or funding
decisions, and decreased financial, operational and legal risk.

4.3.2

Multicriteria Decision Making

Another of the common themes of the earlier chapters of this report has been that
transportation management after a natural disaster often requires comparing and
contrasting outcomes that are fundamentally incomparable. Immediately after an
earthquake, there may be a choice between allocating resources to ensure highways
are open and safe so that support from other areas can arrive versus focusing on
local roads to support immediate rescue efforts. A less dramatic example would be
the choice of how frequently and in what volume to apply salt to a road in winter.
There is an implicit choice required of how much to (potentially) increase road safety
at the expense of environmental damage. The point is not new; as one author noted:
’Comparability of event consequences can prove to be difficult, especially when it is
not feasible to quantify each consequence in common units. How does one compare
the loss of an ecologically sensitive area to the saving of travel time?’ (Dalziell, 1998,
P. 16)
It is beyond the scope of this report to fully explain these and other techniques used
in the field of multicriteria optimization. However, the point of this section is to make
clear that there is substantial prior research in multicriteria optimization which would
be relevant and useful for transportation engineering, particularly in transportation
system management after extreme events.
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5

Switzerland – Adapting Alpine Infrastructures

The paper by Maibach et al. (2012) aims at presenting the situation in Switzerland
with regard to vulnerability and adaptation strategies of the transport infrastructure in
Switzerland. A specific focus is given to the alpine area. Based on a short description
of the general state of the art of vulnerability research and Swiss adaptation strategies, the specific situation of alpine transport infrastructure and infrastructure policies
(prevention, damage management) is analysed. The analysis is based on own expert
knowledge, literature review considering as well the ongoing discussion on the general Swiss adaptation strategy and selected interviews with responsible persons for
road infrastructure management.

5.1

General Situation

Switzerland has a very dense transport infrastructure. This is true for road and rail
since Switzerland – compared to EU average – promotes rail and public transport
significantly. The road network accounts for 71,300 km, whereas 1,756 km are motorways. The motorway network is still under construction and most dynamic compared to the other network parts. Based on the new legislation on task share between national and cantonal level and financial flows, the Federal Road Administration is fully responsible for construction, maintenance and financing of the motorway
network. This has also changed the responsibilities in motorway risk management,
which was formerly a task of the cantons. The cantons are responsible for the cantonal part of the road network. In alpine areas the cantons of Bern, Uri, Grison
(Graubünden), Ticino and Valais are most important.
The rail network accounts for 5,062 km. The national railway company (SBB Infrastruktur) is responsible for construction, maintenance and financing (linked with service level agreements and financial instruments at national level). The rail infrastructure network in alpine areas is also owned and operated by other private rail operators, such as BLS (canton Bern and transalpine axis Lötschberg) and RHB (rail network in canton Grisons).

5.2

Vulnerability

Switzerland has elaborated several researches on vulnerability of climate change
impacts. A major focus is on natural hazards and extreme weather events. The occurrence numbers of floods, debris flows and landslides is most relevant, but did not
show any significant tendency over the past decades. Flooding was the most frequent type of extreme event occurring since 1972 (60–95% of all loss events). However, despite comparable occurrence rates, damages due to extreme weather events
have been growing in recent years, as Figure 11 shows. It is highly likely that climate
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change contributes to increased intensity and wider geographical distribution of meteorological extreme events. However, the contribution of climate change to extreme
weather events is not sufficiently understood.
Damage caused by floods, landslides and debris flows since 1972

Figure 11:

Development of total annual loss (red bars, scale to the left) and
aggregate loss (green line, scale to the right) of floods, landslides
and debris flows in Switzerland. Over a period of 36 years (19722008), average annual loss is on the rise (FOEN, 2009)

Switzerland is still working at refining its vulnerability assessments and adaptation
options. Several areas are reasonably well covered, with a good understanding of
vulnerability and potential adaptive measures. A major actor is the national platform
on natural hazards (PLANAT, managed by the Swiss Federal office of environment).
However, some of the measures to adapt to climate change are in conflict with other
objectives. For example, issues arise in the area of water management with regard to
biodiversity and protection of natural landscapes. Finding the optimal solution to fulfill
the interdependent requirements represents a major challenge in adaptation. For the
time being, the Federal Office of Environment is elaborating an adaptation strategy
Several cantons (especially in the alpine area) have elaborated their own strategy in
different sectors and regions. Based on a first assessment, transport infrastructure is
seen – from the viewpoint of the cantonal administration – as a priority sector. A first
cost benefit analysis has shown that there are some no-regret measures such as
spatial planning, exposure avoiding and warning and early detection systems. The
cantons of Bern and Uri with its specific exposure of national transport infrastructure
and flood risks (Gotthard axis) has elaborated an own strategy.
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5.3

Assessment

OcCC (2008) has elaborated the basic risk exposures and vulnerability issues for the
transport sector. The following passages are directly cited from the report and are
summarizing these findings: In general the transport networks (road, rail) are primarily at risk from extreme events. With preventive measures for new hazards and with
adaptations in road making, disturbances and risks to road traffic will be kept largely
constant.
Railway lines are regularly exposed to natural hazards, primarily due to extreme
weather events such as long rain periods or strong snowfall. Thus, numerous railway
stations were flooded in connection with the floods of August 2005. Heavy precipitation may not only result in floods but can also cause landslides and mudflows. The
threat to line stability will increase with the predicted increase in winter precipitation,
which will increasingly fall as rain at lower elevations and with the expected increase
in heavy winter precipitation. The consequences of the mean temperature increase
and the presumably more frequently occurring heat waves on line stability and security will primarily be of an indirect nature.
Fundamentally, it is expected that the extent of the effects on roads will be smaller
because the road network is generally less sensitive as far as construction is concerned. Other factors, such as a further increase in the maximum weight of lorries or
a distinct increase in the number of heavy vehicles, would in all likelihood have more
severe effects than the expected climate change. Furthermore, the very dense road
network has the advantage of being more flexible in comparison to the railway system when a section of road is at risk or not passable anymore, alternative routes often exist.

5.4

Adaptation policies

The problem perception in Switzerland has risen considerably in the past years. Especially the recent flooding events have led to the insight that an integrated risk assessment is crucial in order to manage future risk. It is expected that the occurrence
and the damage potential will increase in the future, although a direct causal link to
the effects of climate change is not always made. This is especially true for events
like precipitation and flood risks and avalanches which have always been an ongoing
risk in alpine regions.
In Switzerland each infrastructure owner enacts his own law, but the content is in all
cases similar: the operator is obligated to ensure a save and steady operation of the
infrastructure. Concerning weather extremes guidelines about natural hazards and
construction standards about the water effluent are of big importance. The guidelines
about natural hazards vary with respect to standardization. The risk concept concern-
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ing natural hazards for national roads contains a full analysis of all natural hazards
along the roads. At the moment the analysis of the exposure to natural hazards is still
in progress. The ongoing processes to discover new danger spots is not standardized but based on the observations of relevant actors.

5.5

Prevention measures

Organizational measures aim to reduce the impact of weather extremes. Of major
importance are warning and early detection systems. As a consequence of the measuring data sometimes avalanches or rocks in movement are blasted. Another organizational approaches are local natural hazard consultants and the elaboration of
intervention maps. Based on the risk maps in highly risk exposure areas construction
bans or special construction requirements are imposed. The level of prevention is
directly linked with the level of risk potential. Expert interviews, however, showed a
mixed picture about changes of such levels after events.

Figure 12:

Example risk map for the Gotthard national highway corridor
(Bundesamt für Straßen, 2009)

According to the interviewed experts the processes in case of damage have not
changed significantly during the past years. But major changes were introduced with
respect to documentation standards. In the 1990ies the registry of natural hazard
events was launched with the elaboration of risk maps (Figure 12). In the last ten
years some cantons developed coherent risk management strategies (e.g. the ‘risk
strategy natural hazards’ of the canton Bern or the ‘risk concept natural hazards national roads’).
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5.6

Conclusions

The statements on the Swiss situation and practice can be concluded as follows:
There is an increasing problem perception of extreme weather events which also
harm the transport sector, specifically floods, mudflows, rock falls and avalanches.
Although the occurrence of events has remained stable, the damage potential (due to
dense population and dense transport networks) has increased.
The alpine transport network in Switzerland is getting more vulnerable especially in
the summer time and during precipitation periods. The rise of the permafrost zone is
strongly linked to climate change issues. Other natural hazards like flood incidents
are not seen as directly causally linked to climate change.
Independent to these risks, the standards of prevention and case management in the
transport sector have always been rather high in alpine zones. There are general
legal claims and technical norms for the infrastructure. Thus, the institutions are not
confronted with new type of events. The new challenge is however the implementation of integrated risk management approaches with different sectors and actors. In
other words: The challenges for water management, spatial planning or the insurance sector and the financing of natural hazard related measures are considerably
higher than in the transport sector. This is also true for the role of the insurance sector. Whereas the insurances have a strong role in private risk prevention (considering
as well re-insurance), the transport sector is not directly involved.
In general the vulnerability of the railways is somewhat higher than in the road sector.
Nevertheless the situation for road is more complex due to the size of network and
the different institutional levels. The recent change of tasks (shift of responsibilities
for motorways from the cantonal to the national level) has made visible specific coordination issues. Initially there were different levels of standardisation (esp. at cantonal level). Due to institutional changes, risk management of motorways and rods in
general has been improved and harmonized, based on coordinated standards. It has
to be considered, that the dense road and rail network in Switzerland facilitates comodality in order to solve possible access problems during a closure of one transport
mode.
The most important adaptation measures are improved planning and early detection
tools, specific risk maps and classification and detailed incident management plans in
case of emergency. This risk assessment tools have a high professional standard. At
the same time the prevention measures for transport infrastructure have been improved at selected risky spots (superstructure, protection walls etc.).
The need for (additional) action in the transport sector is not that high than in other
infrastructure sectors such as water and energy supply, since there was always high
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priority to secure infrastructure access. The need for coordination between different
protection programmes, however, is high, also including improved spatial planning
procedures. It has to be considered for instance that some alpine transport infrastructures are also integrated in flood risk management, for instance as temporary drainage systems.
All in all there is still a learning process within the elaboration and implementation of
the Swiss adaptation strategy with regard to climate change issues. Future incidents
and re-examination processes of the risks will guide the learning path and lead to
improved measures and processes.
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6

Bulgaria – Multiple Natural Disasters

6.1

Relevance of disasters

Statistics has shown a high incidence of various types of disasters that affected Bulgaria in the last decade, so that the country belongs to the areas characterized by
particularly high risk in this aspect. Of the total number of natural disasters occurred
in 2008, the share of flooding is highest - 30.6%, followed by storms (tornado, whirlwind) - 18%, landslides - 16.8% and snowdrifts - 14.5%. The other crisis events occurring in this group are due to ice (frost) - 7.3%, hail - 1.6%, drought - 0.5%, earthquakes - 1.3% and other natural disasters – 9.4% (Figure 13).
11,1%

1,6%

1,6%
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42,9%
17,5%

14,3%

Figure 13:
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landslides

floods

snowdrifts

Icing, frosts

Other natural disasters

Serious road accidents with motor vehicles

Other accidents and crashes

Crisis events affecting the national road network in 2008
(Karagyozov, 2012)

The most characteristic disasters for our country are floods caused by heavy rains,
the intensive melting of snow in the destruction of hydraulic structures or after dike
breaking.
In Bulgaria there are 40 large dams, some of them regularly overflow in case of severe rain or snow melting and become a threat to settlements near rivers. Unlike the
other natural disasters, floods can be predicted to a significant degree. In many
cases the time, nature and estimated amounts can be pre-determined. The groups of
floods characteristic for our country can be predicted with reasonable accuracy a few
weeks before the disaster.
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The floods in the summer of 2005 were the most devastating disaster that happened
to Bulgaria. 31 people died. The wave in July caused damages of 274 million dollars
(205,280,800 Euro). The second flood in August the same year cost another 200
million dollars (14,9840,000 Euro). It was the largest number of disaster-stricken sites
in the country. Victims were over 13,000, but the number of people affected was
more than 60,000. 70% of the country was affected, 11,000 farm animals were
drowned and more than 3,000 buildings were unfit for living.

6.2

Legal issues

A number of strategies and documents for more effective actions during future natural disasters were developed. They are:
Political documents
•

Management Programme of the Government European integration, economic
growth and social responsibility

•

Concept of Disaster Protection

•

National Programme for Disaster Protection 2009–2013

•

Strategies, programs and plans at national and municipal level

Normative acts
•

National legislation and other regulations

•

Protection for Disasters

•

Water Act

•

Law on Environmental Protection

•

Law on Spatial Planning

•

Law on Defense and Armed Forces

•

Law on Ministry of Interior

•

Regulations governing acts for implementing the above laws

•

Provisions of other laws or regulations governing the documents relating to
the protection against disasters

European legislation
•

Directive of the European Union of 23 October 2001 introducing a Community
mechanism to facilitate reinforced cooperation in assisting the civil protection
interventions

•

Directive 2000/60/EC of the European Parliament and the Council of 23 October 2000 establishing a framework for Community action in the field of water policy
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•

Directive 2007/60/EC of the European Parliament and the Council of 23 October 2007 for evaluation and management of flood risk

•

Directive 2008/114/EC of the European Parliament and the Council of 8 December 2008 concerning the establishment and designation of European
critical infrastructures and the assessment of the need to improve their protection.

The latter Directive is another major document, along with the so-called ’Green Paper
on a European Programme for Critical Infrastructure Protection‘ (CIP) for identification and securing of critical infrastructures and assessing the need to improve their
protection. This book has defined the basic concepts such as ’critical infrastructure‘,
’risk analysis’, ’protection’, ’sensitive information related to the CIP’ and others.
The Directive covers mainly the energy and transport sectors but it is scheduled to be
revised in order to include other sectors within its scope.
Additional requirements has been introduced by the Directive of the European Parliament and Council of Europe, establishing a spatial information infrastructure in the
community (INSPIRE), which Bulgaria has transposed as a EU member state.

6.3

Case study flood of 2005

Based on the events of 2005 a typical case of natural disasters in Bulgaria is presented. It describes in detail the flood impacts on people, the economy and transportation systems. Further, measures for protection against floods before the events and
how effective they were, the measures taken up after the floods and whether they
were necessary is analysed. Finally, strategies for adaptation applied after the events
and the accompanying political instruments are presented.
As a result of the action of natural forces such as torrential rains, melting snow or
damaged hydraulic structures large areas of land were flooded and transportation
infrastructure was destroyed. Floods can largely be predicted, which makes it possible to prepare protective measures. The floods in the summer of 2005 were the most
devastating disasters that happened to Bulgaria. 31 people died. After the wave in
July the damages amounted to 205 million Euros. Another 150 million Euros was the
cost of the second flood of the year in August (Figure 14).
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Figure 14:

Floodplain areas in Bulgaria (Karagyozov, 2012)

After the first wave by 10 June 2005 five countries expressed readiness to assist
Bulgaria in connection with flooding: Germany, Luxembourg, Slovenia, Austria and
Czech Republic. After the second wave the Government Commission for Protection
of the Population from Disasters granted funds to cover damages caused by floods.
Funds were given to clean and restore roads, restore the dams that were destroyed,
clean sewers and strengthen bridges. Pumps were purchased to drain the affected
areas. Czech Republic donated 60 water pumps, which were distributed in the country.
The third wave of floods from the beginning of August (4- 5 August) 2005: Water
storm destroyed thousands of houses, hundreds of bridges and roads, railways of
million BGN. There were 8 casualties. Emergency was declared in four counties.
1,500 people were evacuated from Ihtiman neighbourhoods.
At 17 August 2005 the national Association of Municipalities in Bulgaria (NAMRB)
assessed the damages from natural disasters on municipal infrastructure of amount
of 153 million Euros, as 15 million Euros were necessary for the most urgent repairs.
191 municipalities were affected to a different degree, 800 dwellings were unfit for
habitation and about 53 km of dikes were destroyed.
Bulgaria went through seven floods in one year: from May 2005 to May 2006. The
events and scale of the damages clearly showed that central and local authorities
could hardly respond to disasters with similar scales. The reasons were different.
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First, it was the poor condition of water facilities. Mayors of towns and villages were
responsible for uncleaned river beds. The cause of many broken bridges along the
river courses were trees and rubbish carried by water. Another reason for the great
flood was the poor management of dams. The question of ownership is extremely
serious. Bulgaria has 3,700 dams, of which only 51 are public property. The situation
is complicated further by the fact that the ministries, the principals of these companies do not communicate to each other.
The major damages from disasters were due to the lack of a system for notification of
the expected rainfall. The Ministry of Environments and Waters distributes one-month
plans on the required volumes of water in the dams, which is a cumbersome and
inefficient practice.

6.4

Protection measures and policy instruments

The government granted 87 million Euros to overcome the consequences of the August floods in 2005. Of those, 61 million Euros were provided by the state company
’Public Investment Projects‘, and 26 million Euros from over-budget revenues. Each
family received roughly 500 Euros as a single contribution for urgent domestic needs.
The government approved the membership of the National Institute of Hydrology and
Meteorology (NIHM) in Mid-term European Forecasting Center and decided that
NIHM should submit weather forecast four times a day. Experts insisted on building
an early warning system for the population, which cost around 15 to 20 million Euros.
The reaction of central and local authorities to the first floods in May, June and July
2005 proved to be slow and insufficiently coordinated. The requests of municipalities
for financial aid exceeded several times what had been allocated by the state. The
government officials and representatives of local governments accused each other of
inaction and poorly done.
In its effort to better the coordination of restoration works on 10 August 2005 the
Prime Minister issued an order for the establishment of the Crisis Headquarters to
address the flood damages. The state and local bodies were assigned to prepare a
comprehensive report on the status of major rivers, and to propose measures to
clean up the riverbeds and strengthen the protective equipment by their banks. After
the September floods the President put the problem for amendments to the Act of
Crisis Management to enable decentralization of efforts to prevent and overcome
crises. An idea appeared to create a large fund to overcome the crisis that would be
available on the central and local authorities.
At the end of that year the National Assembly approved the report of Parliament's
Temporary Committee on the effects of floods. The paper analysed the mistakes
made by the state and local institutions, and provided recommendations to overcome
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them. According to the Deputy Prime Minister the state had transferred 126 Euros by
the end of 2005 but still there was money that had not been taken. At the same time
many sites stayed incomplete and in some places the work had not even begun
without serious reasons.
On 12 January 2006 the Government approved the Concept of Disaster Management Policy for Development of a National Emergency Call System using paneuropean Number for Protection with disasters and accidents. At the end of May
2006 the interagency team of experts, established by order of the Deputy Prime Minister, was ready to draft amendments to the crisis management and a completely
new Act on Disaster Protection.
Following the lessons learned from the floods in 2005, Bulgaria has taken strong
measures at policy and legislation to improve protection of the population from natural disasters and emergencies such as flooding.
In 2009 a National Program for Disaster Protection was developed. It defined the
objectives, priorities and targets for disaster protection for a period of 5 years. It
represents a major policy document on prevention, control and the aftermath of disaster and outlines the guidelines for effective resource and technical assured national
system for prevention and disaster response. The program reflects the maturity of the
policy, practice and research achievements in this field at national level, as its main
focus is to prevent the occurrence of disasters.

6.5

Concluding remarks

It has established that there was insufficient readiness of government agencies to act
appropriately in the management of extreme events, which proved less effective and
in some cases even harmful to the provision of logistics operations and functions in
supply chain management. The strategies developed subsequently for adaptation
and mitigation of damages was examined with particular attention to effects on transport systems.
Although it is expected that the government authorities should increase the prevention measures against natural disasters, it has not happened. After the initial activation to overcome the damage and develop a strategy and policies, calmness and
neglecting of preventive actions have occurred.
Moreover, with the last change in the cabinet structure after the elections in 2009, the
Ministry of Disaster and Accidents was closed and its functions were transferred to
the Ministry of Interior and other public agencies and bodies.
The major problem for Bulgaria is related to floods caused by inefficient management
of waters, especially dams which overflow after intense rainfalls and snow melting.
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Such a situation occurred in February 2012, when as a result of a heavy rainfall and
increased temperatures there were significant flooding not only in Bulgaria, but also
in neighboring regions in Turkey and Greece. In addition, there were significant damages due to breakage of the dam wall near the village of Bisser, district of Haskovo.
The new measures provoked by the events mentioned above include centralization
of the control on the technical condition of more than 3,000 dams by an establishment called ’Dams and Cascades‘, which has managed large dams connected with
power engineering until present. The situation up to now has been characterized by
distributed control by different types of dams among municipalities, concessionaires
of small dams, irrigation plants and water supply enterprises.
It is envisaged to develop risk management plans to avoid floods. The total costs will
amount to about 10 million Euros. This project will be funded by the Environment
Operational Programme, EU Cohesion Fund.
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