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Executive Summary

Flooding is a major natural hazard affecting some 520 million people every year, claiming the
lives of about 25,000 worldwide and causing global economic losses between $50 and $60 billion
annually. As a result, it is essential that we seek to manage the risk of flooding in an effective and
appropriate way.

Flood risk is a product of the probability of occurrence of a flood hazard; the vulnerability of
individuals, society, and the environment despite flood mitigation from a broad variety of
measures implemented to dampen flood consequences through preparation, response, recovery
and mitigation; and the consequences that result from the mitigated hazard event. Our
understanding of flood risk is affected by our ability to identify and assess these hazards,
vulnerabilities, and consequences; our ability to manage flood risk is enabled by our ability to
coordinate our policies and actions with numerous partners across the risk management lifecycle
to address these hazards, vulnerabilities and consequences. Flood risk management integrates and
synchronizes programs designed to reduce flood risk, either in advance of or over a series of event
cycles.

Many countries are reassessing their approaches in the face of improved understanding of flood
risks. The Japanese Ministry of Land, Infrastructure, Transport and Tourism (MLIT), the Dutch
Rijkswaterstaat, the United Kingdom Environment Agency, and the United States Army Corps of
Engineers agreed in 2009 to develop a document to explore risk-informed approaches as being
practiced and developed primarily in those four countries. Although very different in frequency
and scale of flooding as well as cultural and governmental characteristics, each country had
significant efforts underway to better orient its practices to flood risk realities, including those
induced by altered land use and by climate change and variability. The quadric-lateral
collaboration was envisioned as a continuing step in international collaboration and as one means
for each country to learn from the other countries’ experiences.

This document, the result of that collaboration, reflects contributions from agencies within the
four participating nations but is not an official position of any government or international
organization. The document is organized around a conceptual framework developed to
encompass flood risk drivers, risk assessment, and the source-path-receptor concept; the flood
risk management cycle with its overarching policies and supporting players and mechanisms; and
the adaptive management cycle of maintenance, monitoring, evaluation, and adjustment over
time. Differences in scale are addressed through consideration of national and regional/local
levels. The document highlights the approaches in each country, the drivers for those
approaches, and practices that are working or hold particular promise. Specific examples
illustrate various approaches without trying to fully reflect the entirety of any one country’s effort
or to include an example from each country for any particular aspect.

National risk assessments (discussed in Chapter 2) can help put into perspective the relative risks
faced in various parts of the country. Such assessments can yield surprises or confirm
presumptions: for example, risk along rivers may be greater than previously understood, or may
be greater than risk in coastal areas. One purpose of risk assessment on the national level is to
help prioritize measures on a national scale, particularly when available funding is limited. Under
ideal circumstances, a uniform method will be used to assess risks, on a general level, so that
comparable information is available on which national policies and strategies can be determined.
Because the implementation of strategies and the related infrastructure works often involves
decades, it is important to consider the potential effects of climate and land use change. The
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Netherlands is conducting a national risk assessment to consider desired levels of safety based on
cost-benefit analyses and loss-of-life calculations. The United Kingdom has an ongoing program
to develop understanding of the risks of flooding, the aim of which is to inform the organizations
involved in flood risk management (including insurers) and the public as the levels of risk and
also to support decision making in investment in risk management. In the United States, the U.S.
Army Corps of Engineers implements a risk-informed dam and levee safety program and
portfolio risk management process to protect life, property and the environment through a series
of hierarchical activities that are used to assess, classify, and manage the risks associated with its
inventory of dams and levees. Japan has been studying impacts of climate change on flood peak
runoff and the safety level of flood control and developing a method to estimate the needed scale
of flood control facilities to adapt to climate change. Regional-level efforts include Japan’s
assessment of emergency, preventive, and rehabilitation measures in consideration of the potential
for large-scale flood disaster around Tokyo; the Netherlands’ reliability analysis for each levee
system considering all principal failure modes and correlations (VNK2); and the United States’
coordination of coastal restoration and hurricane and flood damage risk reduction in Louisiana.

Policy development in a flood risk management context (discussed in Chapter 3) involves (high-
level) decision-making on objectives and related levels of risk, and the selection of strategies and
measures (prevention, protection, preparedness, response and recovery) and required budgets to
achieve desired outcomes. The resulting mix depends on the characteristics and consequences of
flooding, desired levels of risk, available budget, and cultural aspects. Notwithstanding political
boundaries, decision-making will ideally occur within a watershed framework and consider
lifecycle aspects. Some policy decisions involve setting an acceptable level of risk and then
determining how to meet it over time, while others may be driven primarily by available budget
and the expected level of risk reduction that can be achieved for the investment, with decisions
focused on where best to spend precious funds. In all instances residual risk remains an important
consideration. Examples include Japan’s consideration of climate change adaptation strategies to
cope with water-related disasters due to global warming; the United Kingdom’s implementation
of recommendations in the Pitt review that contained a detailed assessment of how the summer
2007 flooding in England was managed and what might be done differently; the United States’
proposal to significantly change the principals and guidelines that govern its water resources
planning; and the Netherlands’ National Water Plan setting forth a comprehensive strategy based
a time horizon running to 2100.

The success of the flood risk management policy (discussed in Chapter 4) is determined by its
implementation, execution, and maintenance. lIdeally risks and policies will be reassessed
periodically so that implementation can be adjusted as warranted. Important aspects are related to
the different parts of the safety chain, as well as the required governance, funds, legislation and
skills of the involved employees. These executive aspects include land use policies, protection,
maintenance, preparedness, response and recovery, governance, public participation and
communication, financial aspects, and research and education. Many examples are highlighted,
including Japan’s efforts to increase the reliability of embankments through the upward spiral
framework based on the steady accumulation of field data (i.e., monitoring, study and analysis,
action and feedback); the Netherlands’ addressing of flood defenses through periodic 6-year
evaluation of the actual status of flood defences in relation to legal standards; the United
Kingdom’s conduct of “Exercise Watermark,” a wide-ranging major national flood response
exercise involving government agencies, communities, individuals, and the media; Japan’s
common and widespread use of locally-based volunteer flood fighting teams in municipalities
through its Suibo Act; the United States’ emphasis on public participation and communication in
flood risk management; and flood insurance programs in the United Kingdom and United States.
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Each country seeks the best approach to managing its own particular flood risks, taking into
account its resources, governance, and culture. For countries in similar circumstances,
partnerships (discussed in Chapter 5) can also provide opportunities for a mutually expanded base
of experience and joint exploration of issues of concern. These include discussions to share
information, such as 2010 policy-oriented discussions primarily among government officials from
various countries responsible for developing policy and practicing flood risk management;
learning from other countries’ floods and flood exercises, such as lessons learned by Netherlands
from floods in New Orleans and France; and exchange among professionals with similar interests
or facing similar challenges, such as the development of an international levee handbook among a
consortium of professionals from six countries or the international network to share experience
and transfer knowledge on the operational and functional management of large movable storm
surge barriers.

The commonalities encountered through coordination on this document are striking. Despite their
varied histories and circumstances, the four countries face similar key challenges. These include
adapting to new understandings of risk that take into account the impacts of climate change,
bridging gaps between land-use decisions and flood risk management considerations, effectively
communicating risk to the general public in a way that promotes individual as well as societal
responsibility, and aligning planning and actions to identify and meet the most critical risks
within a framework that is socially, environmentally, economically, and politically acceptable.
Within the context of their particular flood risks, institutional structure and history, the four
countries have taken many similar approaches to address these challenges. All are examining the
implications of climate change on not only flood threats but also vulnerabilities and
consequences. All have emphasized communications and outreach as a way to reduce
consequences through better information and awareness. All are giving additional thought to the
environmental impacts and opportunities in flood risk management approaches — although the
tools for doing so are still developing. And although emphases may differ, all are focusing on the
various aspects of the cycle of emergency management in order to better prepare for the future
floods that will inevitably occur.

There are also some notable distinctions in approaches between the four countries. The
Netherlands specifies a legislated level of protection, Japan sets long-term aspiration goals for
levels of protection along its major rivers, while United Kingdom and United States use analyses
of risk to inform decision-makers about the cost-effective options available to them. The United
States and United Kingdom are unique in supporting separate flood insurance programs (although
the provisions of the two programs differ). Japan has a widespread volunteer network for flood
fighting and flood damage prevention stemming from its historical experience, while citizens in
The Netherlands have less experience in responding to floods because of that country’s history of
high levels of structural protection.

No prescriptive “best practices” are promoted as appropriate in all circumstances. Rather, the
approaches presented comprise a collective set of best practices among the four countries, with
individual and approaches understandably tailored to meet specific country needs. Developing
this document provided one means for those within the four countries to learn from the others,
furthering the ability to bootstrap from others’ efforts and incorporate aspects suitable to their
own circumstances. The approaches documented provide a palette from which to choose,
selecting what is useful and adjusting where needed. It is hoped that this document provides a
vehicle for sharing the resulting information more broadly within the four participating countries
and perhaps beyond.
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1 Introduction

1.1 Objective

The Japanese Ministry of Land, Infrastructure, Transport and Tourism (MLIT), the Dutch
Rijkswaterstaat, the United Kingdom Environment Agency, and the United States Army Corps of
Engineers met in March 2009 to discuss to a proposal for developing a document to explore risk-
informed approaches as being practiced and developed primarily in those four countries, and
identify “best practices”. Although very different in frequency and scale of flooding as well as
cultural and governmental characteristics, each country had significant efforts underway to better
orient its practices to flood risk realities, including those induced by altered land use and by
climate change and variability. Collaboration among these four countries seemed promising since
all represent highly developed societies, with densely populated flood prone riverine and coastal
areas. They differ, however, in the frequency of flooding, relative impact of floods on society, and
governmental role in flood risk management:

¢ In the Netherlands flooding has become very rare, as a result of strong governmental
responsibility and high protection standards, but the potential impact of a major flood may
be disastrous to this relatively small country.

¢ InJapan, the U.S., and the U.K. floods occur more frequently, up to several times a year
somewhere in these countries. The relative impact on society is more local, sometimes
regional, enabling recovery support from unaffected areas.

e Japan has a long tradition in dealing with natural hazards (earthquakes, floods, volcanoes,
tsunamis), resulting in policies covering the entire “safety chain” of prevention,
protection, preparedness, response and recovery. In addition, there is high public
awareness and much experience with early warning and disaster management.

e Inthe U.K. and U.S. the national governmental responsibilities regarding protection are
less extensive than in the Netherlands and Japan. Hence, these latter countries have more
experience with risk zoning and communication, spatial planning and disaster
management. In addition the role of non-federal funding (by beneficiaries) and the
management of insurance are important and differ among countries.

e The Netherlands and U.K., as European member states, have to comply with the European
Directive on the Assessment and Management of Flood Risk (2007), the so-called “Floods
Directive”. This Directive requires member states to prepare and implement flood risk
management plans dealing with all aspects of the “safety chain”.

The flood risk management concept requires policies and measures in all aspects of the safety
chain, although emphasis may differ. This quadri-lateral collaboration enables each country to
learn from the experiences of the other countries.

The development of this document was envisioned as a continuing step in international
collaboration, building upon events such as the May 2005 high-level meeting with thirteen
countries in Nijmegen, Netherlands, held in conjunction with the 3rd International Symposium on
Flood Defence; a second high-level meeting on Integrated Flood Management held in March
2006 in conjunction with the 4th World Water Forum in Mexico City, Mexico; and the May 2008
4th International Symposium on Flood Defence, held in Toronto, Canada. Results from the
group’s efforts were anticipated to be included in the 5th International Symposium on Flood
Management, to be held in Tokyo, Japan, in September 2011. Terms of Reference for the effort
were adopted in May 2009 (see Annex 1.)



This document reflects contributions from agencies within the four participating nations, but is
not an official position of any government or international organization. The document is
intended to highlight the approaches in each country, the drivers for those approaches, and
practices that are working or hold particular promise. Specific examples have been selected from
the countries to illustrate various approaches, rather than trying either to fully reflect the entirety
of any one country’s effort or to include an example from each country for any particular aspect.
The diversity of the information will permit each country to identify and incorporate those aspects
suitable to their own circumstances. The resulting document provides a vehicle for sharing the
resulting information more broadly within the four participating countries and perhaps beyond.

1.2 Galvanizing Events

Flooding is a major natural hazard affecting some 520 million people every year, claiming the
lives of about 25,000 worldwide and causing global economic losses between $50 and $60 billion
annually.® As a result, it is essential that we seek to manage the risk of flooding in an effective
and appropriate way.

In the United States, the 2005 Hurricane Katrina spawned a shocking human tragedy. More than
1,600 persons were killed or missing and presumed dead. The event was the costliest in U.S.
history, causing an estimated $75 billion in damages and the displacement of over 600,000
people. The catastrophic effects of Hurricane Katrina prompted re-examination of policies and
practices, and a detailed look at what could — and should — be done differently in the U.S. It
sparked discussions, not just in the United States but around the world, of the full spectrum of
flood hazards, vulnerabilities, and consequences, and of governmental readiness with respect to
flood risks. New programs and approaches focused on systematic consideration of risk are being
developed, tested, and applied; these new directions are in their relatively early stages, and more
work remains before they are in common use nationwide.

In the United Kingdom, floods struck across England in the summer of 2007 with South
Yorkshire and Hull, Gloucestershire, Worcestershire and the Thames Valley being particularly
badly affected. During June and July, some 55,000 homes, businesses, schools and other
properties were flooded. Around 7,000 people were rescued by emergency services and 13
people died. Essential services and transport networks were lost, with almost half a million
people without water or electricity. In addition to disruption and personal suffering, the event
caused an estimated £3.2 billion in costs. The event served as a “wake-up call” and prompted re-
evaluation of resiliency and risk.

In the Netherlands, catastrophic coastal flooding in 1953 prompted massive governmental
investment in structural protection works known as the Delta Project. Catastrophic flooding of
similar scale has not occurred in the country since, although high discharge volumes in rivers,
such as the Rhine and Meuse in 1993 and 1995, led to reconsideration of policy. Nevertheless,
the Netherlands has remained attuned to disasters in other countries, and its policy considerations
include assessment of national implications from lessons learned abroad.

In the midst of collaboration on this document, the Great East Japan Earthquake struck. The
March 2011 event prompted reconsideration by Japan of measures to manage disaster risks and

! UNU, Two Billion People Vulnerable to Floods by 2050; Number Expected to Double or More in Two Generations
Due to Climate Change, Deforestation, Rising Seas, Population Growth, New Release, 2004, as cited in a February
2007 concept paper on The International Flood Initiative at http://www.ifi-home.info/IFI_Concept Paper.pdf .
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provided Japanese society with an opportunity of seeing disaster risks in a new light. Japan is a
country which has been stricken by earthquakes and tsunamis repeatedly over the past few
hundred years. By assuming that it must deal with earthquakes expected in the near-term, Japan
has been taking measures against earthquakes and tsunamis based mainly on structural measures.
However, the 2011 disaster was of a magnitude far beyond prior assumptions, resulting in
devastating damage including an enormous number of casualties and houses flooded away. From
the viewpoint of human losses, it is necessary to verify whether the non-structural measures such
as evacuation planning and actions were appropriate.

In Japan, discussions are now being made to broaden the view of tsunami risk management by
considering the risks of possible phenomena however infrequent they may be. Discussions are
oriented toward setting the assumed scale of tsunami in two levels. The first level is set for
comparatively smaller-scale and frequent tsunamis. They are to be coped with mainly by
structural protection to prevent tsunami waves from entering cities. The second level is set for
greater-scale but less frequent tsunamis, for which a possibility could be confirmed from historic
documents and geological surveys. For this level of tsunamis, structural protection has limitations
and non-structural measures such as town development and evacuation to prevent human damage
will be considered.

An important lesson learned from the disaster is that the earthquake and tsunami caused non-
predictable situations that are geologically possible, but not known from history or projected by
statistical extrapolation of measurements. Municipalities with the responsibility to take leadership
in case of disasters were stricken themselves, and places of refuge were flooded. In disaster risk
management, it is important to make necessary preparations by fully and deliberately imagining
potential situations. This includes considering the potential for cascading impacts and secondary
effects resulting from the failure of critical infrastructure systems (such as a nuclear power plant),
with corresponding implications for design, mitigation, and response planning.

Another important point to consider is social support for disaster risk management. Risks must be
conveyed correctly to residents for their social consent and support. Since natural phenomena
have uncertainty, it is also necessary to make sure all people know that there are certain limits on
prior assumptions.

For achieving this purpose, it is effective for not only Japan but also other countries to learn about
risk-informed activities against disasters in respective countries. In this sense, multilateral efforts
by countries to share experiences and knowledge are quite meaningful.

1.3 Flood Risk Management, A Conceptual Framework

The following conceptual framework (Figure 1) was developed to encompass flood risk drivers,
risk assessment, and the source-path-receptor concept; the flood risk management cycle with its
overarching policies and supporting players and mechanisms; and the adaptive management cycle
of maintenance, monitoring, evaluation, and adjustment over time. The framework was
developed by this document’s primary authors to provide for the document’s overall organization.
Three major sections (chapters 2, 3 and 4) discuss Risk Assessment, Policy Development, and
Executive Aspects. Differences in scale are addressed through consideration of national and
regional/local levels. Specific items are drawn out where appropriate. Since the various
approaches described occur within the context of a country’s particular flood risks, institutional



structure, and culture, Annex 2 provides a brief overview of relevant characteristics for each
country along with a chart of comparisons among the four countries.
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Figure 1: Conceptual Framework



2 Risk Assessment

Flood risk is a product of the probability of occurrence of a flood hazard; the vulnerability of
individuals, society, and the environment despite flood mitigation from a broad variety of
measures implemented to dampen flood consequences through preparation, response, recovery
and mitigation; and the consequences that result from the mitigated hazard event. Our
understanding of flood risk is affected by our ability to identify and assess these hazards,
vulnerabilities, and consequences; our ability to manage flood risk is enabled by our ability to
coordinate our policies and actions with numerous partners across the risk management lifecycle
to address these hazards, vulnerabilities and consequences. Flood risk management integrates and
synchronizes programs designed to reduce flood risk, either in advance of or over a series of event
cycles.

Because of large-scale consequences (damage, fatalities, and disruption), especially of more
extreme or more widespread floods, national governments in all four countries have assumed key
roles in flood risk management, especially regarding setting objectives, prioritization of budget
and emergency operations. Although the structure differs among the four nations, in all cases
regional and local authorities, private parties, and the public have complementary roles. Risk
assessment may need to be performed at different scales. While acknowledging differences in
scale among the four countries considered, Section 2.1 considers the national level and Section
2.2 considers the regional/local level.

2.1 National Level

National risk assessments can help put into perspective the relative risks faced in various parts of
the country. Such assessments can yield surprises or confirm presumptions: for example, risk
along rivers may be greater than previously understood, or may be greater than risk in coastal
areas. One purpose of risk assessment on the national level is to help prioritize measures on a
national scale, particularly when available funding is limited. Under ideal circumstances, a
uniform method will be used to assess risks, on a general level, so that comparable information is
available on which national policies and strategies can be determined. Because the
implementation of strategies and the related infrastructure works often involves decades, it is
important to consider the potential effects of climate and land use change. Risk assessment at the
national level has been performed in Japan, the Netherlands and the U.K. and is in its early stages
in the U.S. The U.S. example illustrates the move to a portfolio risk management approach for
dam and levee safety programs. Japanese examples present promising uniform methods to obtain
a rapid nationwide overview of changing rainfall patterns and the safety level of medium and
small rivers.

2.1.1 The Netherlands: National Risk Assessment
2.1.2 UK: Flood Risk Assessment and the UK Flooding Foresight Study
2.1.3 USA: Portfolio approaches for dam and levee safety

214 Japan: Preparation of Charts and Index to Assist Examination of Flood Control-
Related Climate Change Adaptation Strategies
2.15 Japan: Nation-wide Evaluation of Safety Level of Flood Control of Small and

Medium Rivers Using Airborne Laser Surveying Technology



2.1.1 National Risk Assessment (The Netherlands)

The present flood protection standards in the Netherlands date from the 1960s. As a result of
economic growth and climate change, the current flood protection standards are insufficient to
achieve the desired level of safety. In 2008, a special group chartered by the national government
to examine the challenges of the future, the Delta Committee Il, proposed a new flood risk
management approach, with protection standards that should not only be based on cost-benefit
analyses but on loss-of-life calculations as well.

Flood Protection 21% century?

In this project a partly probabilistic risk assessment is performed from an economic point of view
as well as a loss-of-life perspective for the presumed situation that all levee systems just comply
with the current protection standards (while recognizing that the presumption is not necessarily
valid.) Since 92 dike and dune improvement plans are being executed, this situation will not be
achieved before 2015 — 2020. The project only considers overflow and wave overtopping as a
failure mechanism. In this simplified approach compared to the VNKZ2 project (see Section 2.2.2),
the other failure mechanisms are assumed negligible with regard to overflow (in compliance with
the Netherlands’ Water Act). For each levee system the consequences of several breach locations
were calculated. Evacuation possibilities were taken into account. The likelihood of evacuation
was based on the warning time (type of threat: coast vs. river), the population density in relation
to the distance to a safe area and infrastructure capacity. High evacuation percentages (such as
75%) were assumed for levee systems along the upper rivers and low percentages along the coast
(15%).

Cost benefit analysis®

In a cost benefit analysis the, economic optimal flood probability per levee system has been
calculated for the year 2050. The economic optimal flood probability is where additional
investment in levee reinforcement is no longer cost-effective with respect to the avoided damage
of flooding for that investment. In this analysis the investments necessary for levee
reinforcements are compared with the avoided damage of flooding. Compared with the analysis
from the 1960s (see text box below) that led to the current flood protection standards, the 2011
analysis takes climate change as well as economic growth (1.9% per year) into account: see
Figure 2. Climate change will result in increased flood probabilities over time, while economic
growth will make the optimal flood probability shift to lower values (by the increased amount of
damage). Further fatalities (and casualties) are capitalized by using a value of a statistical life of $
10 million®. Finally, a discount rate of 5.5% has been applied for the investments as well as the
damages.

In March 2011 the cost benefit analysis suggested by the 2008 policy evaluation was completed,
resulting in economic optimal flood probability for each levee system and the total investments
(for levee reinforcements) necessary to realize these standards in 2050. These analyses will
inform further policy discussions regarding desired national safety.

2 www.delta-programma.nl and www.deltacommissaris.nl

® See paper prepared for the 5™ International Conference on Flood Management, entitled “Efficient flood protection
standards for the Netherlands”

* The value of $ 10 million (€ 6.7 million) includes costs for 5 persons being hospitalized, consistent with a study
showing that, for floods, the ratio between fatalities and injuries requiring hospitalization is 1:5 on average.
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Figure 2: Diagram presenting the basics of the Cost Benefit Analysis performed in 2011

“Cost benefit analysis™ based level of protection (1960s)

Presently the level of protection offered by dikes and dams is based on a semi-quantitative approach,
developed by the first Delta Committee in the 1960s. For the area of Central Holland, covering the highly
urbanized and floodprone area bounded by Amsterdam, The Hague and Rotterdam, a cost benefit analysis
was performed. In this analysis the investments necessary to improve the level of protection were
compared with the avoided damage of flooding (see Figure 3). Damage of flooding was calculated as
direct and indirect economic damage, multiplied by a factor of 2, to account for fatalities and non-
monetary damage to nature and cultural assets. It was concluded that a design level, equivalent to an
annual 1/10,000 storm surge level, offered adequate protection against flooding. For less populated
coastal areas south and north of Central Holland the Delta Committee proposed a protection level of
1/4,000 per year. In the 1980s, riverine areas, which have a better potential for evacuation, received a
protection level of 1/1250 per year.
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Figure 3: Diagram presenting the basics of Cost Benefit Analysis performed by the 1% Delta Committee
for Central Holland. The horizontal axis relates to dike heightening (cm), the vertical axis relates to costs
of dike heightening or damage by flooding. Total costs of dike heightening increase with height
(continuously rising dotted line), while damage due to flooding decreases exponentially (hatched line). The
economic optimum level of protection is where the sum of investments in dikes and residual damage
(continuous line) shows a minimum, i.e., where further increase of dike height no longer outweighs the
related avoided damage.




Loss-of-life calculations®

In addition to a cost-benefit analysis, loss-of-life calculations were performed for the situation
presuming that all levee systems meet the current flood protection standard. For these calculations
Individual Risk and Societal Risk were chosen as indicators:

e Individual Risk is the probability of being killed at a certain location as a result of a flood;

e The Societal Risk shows the probability of exceedance (in one year) of a certain number
of fatalities due to one flood event.

These indicators had been used in the industrial safety policy in the Netherlands for many years.

In March 2011 the loss-of-life calculations were finished, resulting in an individual risk map for
all levee systems and insight into the probability of a certain extent of *social disruption’ on the
level of individual levee systems as well as on a national level.

Individual Risk

Individual Risk (IR) values ranges from 10™* to 10 per year for deep polders (low-lying land
reclaimed from the sea or other water body) along the upper and tidal rivers to 10 to 107 per
year along the coast. IR values are calculated for each neighborhood, based on the local water
depth and the rise rate. Figure 4 shows the IR map for an individual levee system, where the red
areas represent the (relatively) high risk areas. Table 1 shows the number of people in the
Netherlands living within a levee system with an IR risk limit higher than 1x107°, 1x10°® and
1x10™" per year and the corresponding surface area.

Table 1: Number of People in the Netherlands Living Within a Levee System with a Certain

IR Level
IR risk level (per year) IR > 1x10" IR > 1x10° IR > 1x10"
Inhabitants 120,000 3.3 million 6.8 million
Land area (% of flood prone area) | 400 km?® (2%) | 7,400 km” (37%) | 15,400 km” (77%)

Societal Risk

The societal risk (SR) is expressed in terms of a so-called FN curve, which gives, on a double-log
scale, the probability of exceedance (1-F) as a function of the number of fatalities N during a
single event. Figure 4 displays the FN curve for an individual levee system.

As determined by the societal risk calculations completed in 2011, the probability of a flood event
causing 10, 100, 1000 and 10,000 fatalities in the Netherlands is 1/70, 1/100, 1/400 and 1/8,300
per year in 2040, respectively. Levee systems along tidal rivers have the highest. The SR will
slightly increase between 2000 and 2040, mainly because new urbanization projects will result in
an increase of people living in flood prone areas (not as a result of population growth).

These calculations not only took the evacuation possibilities into account, but the probability that
several levee systems can be flooded simultaneously during one event. For that reason societal
risk is considered at a national level (and not for levee systems only).

% See paper prepared for the 5™ International Conference on Flood Management, entitled “Life safety criteria for
flood protection standards”
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Time schedule

The desired level of flood protection in 2050 can be met by a combination of levee system
improvements (prevention), sustainable spatial planning, and improved emergency response to
floods (see Section 3.1.10). Initially there might be a focus on preventive measures only: for each
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Figure 4: Example of the Individual Risk (map) and Societal Risk (so-called FN-chart)
Calculated for an Individual Levee System Along the River Meuse

levee system an economic optimal flood probability can be calculated, as well as a flood
probability that meets the tolerable risk guidelines to be proposed from an individual and societal
risk point of view. These elements can be combined into new risk-based legal standards for flood
protection for each levee system. Different policy options can be deduced from these calculations.
In some options the new standards might be largely based on economic values, while others may
be based on loss-of-life considerations. Each option will result in a map with classes of flood
probabilities per levee system.

In late 2011 the vice-Minister of Water Management is expected to give his approval for the
proposal on the new flood probabilities. This decision will have the status of a policy statement
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and is expected to become legislation in the Water Act in 2017 (after a 6-year period of
‘exercising’ the impact on the safety assessment procedures (see Annex 2C). In 2011
governmental and non-governmental organizations and citizens will have the opportunity to enter
the societal discussion about the flood protection proposed.

2.1.2 Flood Risk Assessment and the UK Flooding Foresight Study (United
Kingdom)

The Environment Agency has an ongoing program of work to develop understanding of the risks
of flooding across England and Wales. This work examines the risks of flooding from rivers and
the sea, surface water, reservoirs and groundwater and includes the development of maps that
show the probability of flooding to areas of land. The aim to inform the organizations involved in
flood risk management (including insurers) and the public about the risks and also to support
decision making in investment in risk management. This work is explored in more detail below:

Flooding from Rivers and Sea: the National Flood Risk Assessment (NaFRA)

The national flood risk assessment produces a broad-brush assessment of the likelihood of
flooding from rivers (with a catchment size 3 km? or larger) and the sea at a national scale. This is
based on assessments undertaken for 85 river catchments and coastal cells, where a cell is an area
of land measuring 50 metres?. It enables a comparison of the relative risks and their distribution
within each of these catchments, rather than a detailed, local assessment of the risk at a specific
location. It is based on a source-pathway-receptor conceptual model of risk and considers the
probability that any defenses will overtop or breach. The calculations provide an indication of the
likelihood of flooding at the center of each cell. These results are then placed into three risk
categories as used by the UK insurance industry. These are:

¢ low - the chance of flooding each year is 0.5 per cent (1 in 200) or less

e moderate — the chance of flooding in any year is 1.3 per cent (1 in 75) or less but greater
than 0.5 per cent (1 in 200)

e significant — the chance of flooding in any year is greater than 1.3 per cent (1 in 75)

Figure 5 provides and example of the information provided by NaFRA and shows the percentage
area of land at significant likelihood of river and sea flooding in England.

The results of the assessment are provided to the Association of British Insurers (ABI) under an
agreement with Government to enable the industry to continue to offer their services to as many
people as possible who live in flood risk areas.

The National Flood Risk Assessment has given a national picture of the total number of
properties at risk in England and Wales and has been published through the Flooding in England
and Flooding in Wales documents. Although the assessment is not accurate at a property level it
gives vital information to help in decision making about resources and investment, and has been
used with other data to develop the Long Term Investment Strategies for England and Wales.
This report includes an assessment of the costs and benefits of flood risk management over the
next 25 years under various scenarios including climate change. Results suggest that there is a
need for a steady increase in investment to around £1040 million a year plus inflation in building,
improving and maintaining defenses in England by 2035 just to maintain current levels of risk of
flooding from rivers and the sea in the face of climate change and deteriorating assets.
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NaFRA is updated every three months with new or improved data as this becomes available and
the UK is considering how it can use the data more widely for purposes such as promoting flood
awareness and preparation in the local community.

Environment Percentage of Land at Significant
AV Agency Likelihood of Flooding
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Figure 5: Percentage Area of Land at Significant Likelihood of River and Sea Flooding
(NaFRA 2010)

The information developed through the NaFRA has also been made publicly available by the
Environment Agency through its online Flood Map. This was first launched in 2004 and is
updated every three months as new or improved data become available. The information is shared
under licence with Local Authorities (LAS) and other partners for spatial planning and emergency
planning purposes, can be accessed by the public via the Environment Agency website, and
contains the following information:
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e Flood Zones, which ignore the benefits provided by flood defenses, to support the
application of land use planning policies in England and Wales, and show:

- The extent of a flood from rivers with a 1 in 100 chance of occurring in any year;
- The extent of a flood from the sea with a 1 in 200 chance of occurring in any year;

- The extent of a flood from rivers or sea with a 1 in 1000 chance of occurring in any
year. This is also known as the Extreme Flood Outline (EFO).

e the most significant flood defenses.

e the areas benefiting from defenses.

Flooding from surface water

The Environment Agency holds maps under licence (from JBA Consulting) that show Areas
Susceptible to Surface Water Flooding and provide an indication of those locations which are
likely to flood from surface water in a storm with a 1 in 200 chance of occurring in any year. The
mapping is broad brush and is not suitable for use at a detailed local level. It does not take
account of the effects of drainage systems or buildings. The Environment Agency have also
developed improved data on surface water flooding which takes account of buildings, and some
account of the effects of drainage systems. This uses improved ground level information over
that used to derive information on the Areas Susceptible to surface water flooding, shows areas
which are likely to flood from surface water in storms with a 1 in 30 and 1 in 200 chance of
occurring in any year, and provides an indication of deeper and shallower areas of flooding.

These data have been shared under licence with Local Resilience Forums, Lead Local Flood
Authorities and Local Planning Authorities to help support local risk management actions. The
Environment Agency is currently considering how this data is best used alongside more site-
specific information being produced by Lead Local Flood Authorities.

Flooding from reservoirs

The Environment Agency has also produced maps showing areas which could flood in the
unlikely event of the failure of a reservoir with a volume of greater than 25,000m*. There is no
specific probability associated with this information and the maps show a ‘worst credible
scenario’. Flood depth and velocity information have also been produced. Again these maps have
been shared with Local Resilience Forums in England and Wales for Emergency Planning
purposes and flood outline maps are available via the Environment Agency website following
user testing and design to ensure that the data are easily understood.

Flooding from groundwater

The Environment Agency does not currently produce maps showing areas at risk of flooding from
groundwater. However, it expects to produce data based on an analysis of a number of datasets
including data from British Geological Society (BGS), showing an indication of the areas at
greatest risk from groundwater flooding.

The Foresight — Future Flooding study

The Foresight — Future Flooding study report® was published in 2004 and aimed to provide a long
term (30-100 years) vision for future flood and coastal defense across the whole of the UK that
took account of the many uncertainties, was robust, and could be used as a basis to inform policy
and its delivery. In particular the study investigated:

® www.bis.gov.uk/foresight/our-work/projects/published-projects/flood-and-coastal-defence
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e How might the risks of flooding and coastal erosion change in the UK over the next 100
years?

e What are the best options for Government and the private sector for responding to the
future challenges?

The project was structured into 3 phases:

1. identify the key factors likely to change flood risk on a 30-100 year timescale (the drivers)
in terms of both the physical processes of, and human interventions in, the flooding
system; provide a framework within which the following phases of the project can
quantitatively assess changes in future flood risk; and set out work plans for the future
phases of the project

2. deepen the analysis undertaken in phase 1 and quantify the impacts of future flood risk in
the UK under four future scenarios that embodied different approaches to governance
(national vs. localized), different societal values (consumerist vs. community), and
different climate change scenarios.

3. identify and evaluate possible responses to the outputs of the analysis carried out under
phases 1 and 2 and report.

The analysis carried out under the study suggested that risks could increase significantly over the
30 to 100 years following publication, but that there are significant variations in levels of risk
between the different scenarios and considerable uncertainty inherent in looking so far into the
future. It also quantified the potential scale of the challenges faced in managing flood risk in the
UK and provided a broad assessment of the different measures available to manage that risk. The
research has identified a range of difficult choices that could be made in managing risk, some of
which have been highly influential in the development of flood management strategies. It has also
identified areas where the potential benefits of investment are less well defined and would benefit
from an improved understanding which can only be realised as the results from research and
improved data become available.

2.1.3 Portfolio Approaches for Dam and Levee Safety (United States)

Over 84,000 dams in the United States meet the criteria for inclusion in the National Inventory of
Dams’. The Corps operates over 600 of these structures, mostly large dams; the remainder are
owned or operated by other agencies or private organizations. The National Committee on Levee
Safety® estimates there may be more than 100,000 miles of levees in the nation with tens of
millions of people living behind them; approximately 15% of those levees are designed and
constructed by the Corps and a similar number are operated by other federal agencies (U.S.
Bureau of Reclamation, National Resources Conservation Service.)

The U.S. Army Corps of Engineers is beginning to implement risk-informed dam and levee
systems safety programs organized around a portfolio risk management process. The programs’
purpose is to make life safety paramount, although protection of property and the environment is
a consideration. The programs seek to ensure that all existing Corps dams and levee systems in
the Corps inventory continue to function as intended, and are operated and maintained so no

" http://www.usace.army.mil/Library/Maps/Pages/National InventoryofDams.aspx

® http://www.leveesafety.org/lv_nation.cfm ; see http://www.leveesafety.org/docs/NCLS-Recommendation-
Report_012009 DRAFT.pdf ) for the NCLS’s report entitled Recommendations for a National Levee Safety
Program: A Report to Congress from the National Committee on Levee Safety (January 2009) with recommendations
for a comprehensive and effective National Levee Safety Program.
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intolerable risk to life is present. Toward that end, the dam safety program has adopted tolerable
risk guidelines for what it terms incremental risks; these are the risks to life that are the result of
an unsatisfactory performance of the structure itself. This is distince from the residual risk that
remains from flood events for which the structures remain intact but are overwhelmed by the
magnitude of the event. The Corps’ process has moved away from an engineering standards-
based approach for its structures to what it calls risk-informed decision making, organized around
the three elements of risk analysis: assessment, communication, and management. These
elements are to be applied continuously, in cooperation with those communities downstream of
the dams and located behind the levee systems. The key concepts and supporting methods and
tools that constitute the Corps’ safety programs will be made available to other dam owners and
operators, as well as state and local governments with responsibility for monitoring dams and
levees.

The Corps’ dam safety portfolio risk management process is now operational. The process is a
series of hierarchical activities that are used to assess and classify, communicate, and then
manage the risks to life associated with the Corps’ national inventory of dams. Corps dams are
given a Dam Safety Action Classification (DSAC) based on their probability of failure and the
associated consequences. The DSAC governs the steps taken in the portfolio approach (see
Figure 6.)

Dam Safety Action Classification (DSAC) <
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DSAC | v v v
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Figure 6: Generalized Corps’ Portfolio Risk Management Process
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2.1.4 Preparation of Charts and Index to Assist Examination of Flood Control-
Related Climate Change Adaptation Strategies (Japan)

The increased intensity of torrential rain as a result of climate change has generated concern in
regard to an increase of the flood peak runoff and the resulting decline of the safety level of flood
control. To maintain the original target for the safety level (i.e., return period for the set
precipitation), it is necessary to expand the scale of the originally envisaged flood control
facilities to compensate for increased precipitation due to climate change. Given the absence of
reliable methods at present to accurately assess the impacts of climate change and to manage the
perceived risks, there is a strong need for a new index which can contribute to the debate on
climate change adaptation strategies to cover the entirety of Japan. This is exactly the reason why
the National Institute for Land and Infrastructure Management (NILIM) has been conducting
studies on the impacts of climate change on the flood peak runoff and the safety level of flood
control and also on a method to estimate the necessary scale of flood control facilities to adapt to
climate change.

The concrete achievements of these studies so far include (i) charting of variations of the annual
maximum daily precipitation based on the prediction results of the 20 km mesh global circulation
model (GCM) of the Japan Meteorological Agency and (ii) charting of variations of the flood
peak runoff in major rivers (sections which are directly managed by the central government) and
of variations of the return period (which corresponds to the flood peak runoff in existing flood
control plans) for each river system.

Moreover, "the increase rate of river channel improvement work™ (= quantity of flood control
works to adapt to climate change / quantity of flood control works in existing plans) has been
proposed as a new index to indicate the increase rate of the scale of flood control measures to
adapt to climate change. This index has then been estimated for several major rivers.
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The charts and index described above are believed to be effective for general assessment of the
impacts of climate change on major rivers. As they enable quantitative assessment of the likely
increase of the scale of flood control measures to adapt to climate change in comparison to
current flood control measures, they should prove to be very useful to progress debates on
concrete adaptation strategies/measures and risk management further forward.

2.1.5 Nation-wide Evaluation of Safety Level of Flood Control of Small and
Medium Rivers Using Airborne Laser Surveying Technology (Japan)

Large-scale rivers in Japan regularly undergo cross-sectional surveying and the hydraulic analysis
with the cross-sectional data enables quantitative evaluation of the safety level of current flood
control measures. In contrast, the much smaller budget size for small and medium rivers means a
much lower surveying frequency, making it difficult to evaluate the safety level of current flood
control measures for these rivers despite the fact that the total length of them is quite long. A new
method using the airborne laser surveying technology has been developed for the inexpensive and
speedy evaluation of the safety level of the flood control of numerous small and medium rivers to
match the similar evaluation of major rivers. This method enables the evaluation of these rivers in
terms of the safety level of flood control with the required level of accuracy from a nationally
uniform viewpoint. It is hoped that the results of such evaluation will assist the implementation of
more efficient and effective flood control measures.

The new method uses surveying data obtained by an airborne laser scanner to prepare three-
dimensional TIN (triangulated irregular network) data and then creates a cross-sectional profile of
a river channel. The safety level of flood control at a specific point is evaluated by means of
comparing the computed water level based on the one-dimensional non-uniform flow model using
the cross-sectional profile data and the rainfall data as an external force condition with the
embankment height obtained from the cross-sectional profile.

Assessment of Safety Level against Flood at Small-and-Medium-Scale
Rivers with Detailed Topographic Data

3D topographic data acquisition Delineation of cross sections of
(Airborne Laser Survey) river channels

- . o *‘ . Evaluation of flow capacity of each
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Figure 8: Assessment of Safety Level of Flood Control of
Small-and-Medium-Scale Rivers with Detailed Topographic Data®

® http://www.nilim.go.qgp.jp/lab/rca/newhp/seika.files/Ip/eva.ntml (Japanese)
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It is correctly pointed out that the cross-sectional area produced by airborne laser surveying tends
to be smaller than the actual cross-sectional area as an airborne laser scanner cannot obtain
topographical data below the water surface and its readings are affected by herbaceous plants and
so on. However, it is judged that the new method is capable of securing the required level of
accuracy while functioning as an inexpensive and swift method of evaluation based on a
nationally uniform viewpoint.

2.2 Regional / Local Level

For the purpose of regional land use and water management planning, prioritization of
improvement works, as well as the preparation of emergency operations, risk assessment on the
regional and local level is required. Examples are presented from Japan, the Netherlands and the
United States.

2.2.1 Japan: Regional Risk Assessment of Large-Scale Flood Disaster in the Tokyo
Metropolitan Area

2.2.2 The Netherlands: Risk Assessment Project VNK2

2.2.3 USA: Multiple Scenario Approaches to Address Coastal and Riverine Risk:
Habitat Lessons from Louisiana

224 Japan: Local Impact of Fast Flow on Houses Caused by Breach of Embankments

2.2.1 Regional Risk Assessment of Large-Scale Flood Disaster in the Tokyo
Metropolitan Area (Japan)

In recent years, the world has seen a series of large-scale flood disasters, including a storm surge
disaster caused by Hurricane Katrina in the United States in 2005. The many deaths, evacuees
and massive economic loss caused by these disasters pose many questions in regard to the
regional and local preparedness and emergency response to counter such disasters.

Japan has suffered from large-scale flood disasters in the past. Typical examples are Typhoon
Kathleen which badly hit the Tokyo Metropolitan Area (TMA) in 1947 and Typhoon Vera
(Typhoon Ise Bay) in 1959 which caused devastation to areas near Nagoya. In more recent years,
the steady construction of river embankments and other flood control facilities has improved the
capability to effectively deal with floods and storm surge up to a certain level. However, the
construction of flood control facilities is not yet complete although continuous efforts have been
made. If a flood on the scale of Typhoon Kathleen in 1947, which is still the greatest flooding of
Tone River and Ara River in the post-war period, occurs again, there is possibility of another
massive flood disaster due to breaching of the embankments as was the case in 1947 when the
embankments of Tone River were breached at Higashi Village (presently Kazo City, formerly
Otone Town) in Saitama Prefecture with flooding of not only the neighborhood but also a huge
urbanised area in TMA located downstream.
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Figure 9: Flooding simulation results (Study on large-scale flood damage mitigation in
Tokyo metropolitan area)™ (Provided by the Cabinet Office)

Through Japan's post-war economic growth, TMA in particular has built up a massive
concentration of political and economic functions and the population has increased to some 43
million. This large population and numerous buildings have been massed on a small alluvial plain
and even the underground space has been intensively utilized with complex structures. If flooding
occurs in TMA due to a breach of the embankments along Tone River, Ara River and others, the
resulting human casualties, property damage and economic loss are likely to surpass those caused

19 http:/Avww.mlit.go.jp/river/basic_info/english/pdf/guigelines_eng.pdf, p. 23.
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The number of deaths resulting from levee breach induced flooding of the Tone River
caused by a 200-year flood was studied. As a result, it has been found that the number of
deaths in an area with a large inundation area and a large population is not necessarily
large ([2] Metropolitan area wide-area flood), and that the number of deaths in an area
with a small inundation area and a small population may be large if the flood water stays
long ([5] Watarase stagnant flood, [6] River flood along Koga/Bando). These results

indicate that the number of deaths is greatly affected by the form of flooding.

Figure 10: Effects of drainage operations on death toll (Study on large-scale flood damage
mitigation in Tokyo metropolitan area)'! (Provided by the Cabinet Office)

Y http:/Avww.mlit.go.jp/river/basic_info/english/pdf/guigelines_eng.pdf, p. 24.
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by Typhoon Kathleen. The time and cost required for rehabilitation/restoration will be
unimaginably long and high.

Moreover, the frequency of downpours is on the increase recently in Japan and there are worrying
predictions from the viewpoint of disaster prevention such as an increasing frequency of
downpours and rising sea level due to climate change.

In consideration of the real potential of a large-scale flood disaster associated with flooding of
Tone River and/or Ara River or a storm surge in Tokyo Bay, thorough examination of emergency,
preventive measures as well as rehabilitation/restoration measures to minimize the damage caused
by a large-scale flood disaster is essential. Similar work has already been conducted for a large-
scale earthquake and volcanic eruption.

Thus, the Expert Panel on Large-Scale Flood Disaster Countermeasures was established within
the framework of the Central Disaster Prevention Council in June 2006 to examine such measures
as the first such expert panel featuring large-scale flood disasters.

Based on the latest knowledge, the said panel has conducted several simulations of floods
presumably caused by breaching of the embankments along Tone River, Ara River and others or
by a massive storm surge in Tokyo Bay to clarify how the flooding may proceed. The panel
analysed the likely mode of flooding and various risks in TMA by estimating various types of the
likely damage such as the likely number of people killed and those stranded. Such estimation was
done for the first time in Japanese studies. Based on the analysis findings and actual data on
large-scale flood disasters in the past, the panel examined desirable measures to deal with a large-
scale flood disaster in TMA and published a report in April 2010 after lengthy work for some
three and a half years. The formulation of a policy outline for government efforts to deal with
large-scale flood disasters based on this report is currently being planned.

2.2.2 Risk Assessment Project VNK2 (The Netherlands)

In 2006 the VNK?2 research project*? (formerly known as FLOod RISk in the Netherlands:
FLORIS) was started to gain insight into the current level of flood protection. A quantitative risk
analysis is performed for each levee system, considering all principal failure mechanisms and the
consequences of levee failures. The effects of spatial correlations are explicitly taken into
account. Weak links in the flood defense system can be identified, as well as the mechanisms and
variables that contribute most to the probability of failure and the level of risk.

Failure mechanisms that are considered in the model are:

e Dikes: overflow and wave overtopping, piping, sliding of the inner slope and revetment
erosion and subsequent internal erosion;

e Dunes: erosion by storms;

e Hydraulic structures: closing failure, structural failure, overflow and wave overtopping
and piping.

12 See paper prepared for the 5™ International Conference on Flood Management, entitled “The VNK2 project: a fully
probabilistic risk analysis for all major levee systems in the Netherlands.” More information is also available at
vnk-2@rws.nl
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For the analysis, geometric data (slope, orientation, fetch, etc.), material properties (weight,
sliding strength, etc.) and hydraulic boundary conditions (waves, water level, duration, etc.) are
used.

Results

In 2010, fully probabilistic risk analyses were completed for six levee systems. In a previous
phase, three levee systems had already been analysed. The method turned out to be very useful for
identifying weak sections (and the dominant failure mechanisms), prioritizing safety measures,
and highlighting important sources of uncertainty. While in the previous phase the VNK2 analysis
focused only on quantifying individual, societal risk and economic risks, later phases also
analysed the impact on flood risks (and overall flood probabilities) of strengthening dikes, dunes
and hydraulic structures, as shown in Figure 11 below.
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Figure 11: Failure probabilities for all sections in a levee system along the upper rivers.
Marked sections do not meet current safety standards and should be strengthened.
Strengthening these sections would reduce the level of flood risk (see figure 12).

Before (current situation) After

‘ Individual risk ‘

Figure 12: Individual Risk map before and after reinforcement of three weak levee
sections (see figure 11).

The differences in risk levels among the nine levee systems are considerable. Flood probabilities
range from more than 1/100 per year to less than 1/10,000 per year. While individual risk (IR)
levels of less than 1x107®/year were calculated for Central Holland with its major cities of
Amsterdam, Rotterdam and The Hague, 10 to 100 times higher IR levels of 10 to 10™ per year
were found for some levee systems along the rivers. Large variations in IR levels exist within
levee systems as well, resulting from differences in consequences between breach locations and
variations in the failure probability along a levee. Since the Netherlands is a flat country, flood
patterns are influenced by the presence of former flood defenses (‘secondary levees’) and line
elements such as roads and railways, which may block flood waters.
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Piping turned out to be a dominant failure mechanism for almost all levee systems. This result
implies that the probability of a levee failure below the water levels that the levees should be able
to safely withstand (as defined by the Water Law) is significant. The high failure probabilities for
piping initially led to disbelief. This gradually changed when a second opinion by the Expertise
Network for Flood Protection concluded that the methods and results of VNK2 were scientifically
correct, and that current design guidelines are overly optimistic. This is because the length-effect
(see box below) has not been properly accounted for in these guidelines (which, at present, only
focus on the safety of individual cross-sections).

Length-effect
The longer a dike section, the higher the probability that there will be a weak spot somewhere within that

section (due to spatial variability of properties, such as geotechnical properties.) The resulting
phenomenon, that the failure probability increases with unit length, is called the “length effect”. The
intensity of the length effect differs per failure mechanism (although the water level is always the driving
force). The length effect is especially strong for geotechnical failure mechanisms such as piping and slope
instability. This is because the dominant stochastic variables for these failure mechanisms are
characterized by relatively high degrees of spatial variability.

2.2.3 Multi-Criteria Approaches to Address Coastal and Riverine Risk: Habitat
Lessons from Louisiana (United States)

Following Hurricane Katrina, the U.S. Congress in 2006 directed the Secretary of the Army to
conduct a comprehensive hurricane risk reduction design and analysis in close coordination with
the State of Louisiana; develop a full range of hurricane risk reduction measures for South
Louisiana, including coastal restoration; and consider risk reduction for surges equivalent to
Category 5 hurricanes. The Corps of Engineers led the Louisiana Coastal Protection and
Restoration (LACPR) planning and technical effort in collaboration with many others, including
the Coastal Protection and Restoration Authority of Louisiana, other State and Federal agencies,
scientists, academics, and stakeholders. In May 2007, the State of Louisiana officially adopted the
State Master Plan*® which provides the State's conceptual framework of a sustainable coast and is
the overarching vision for LACPR. The LACPR Final Technical Report™* complements the State
Master Plan by presenting detailed technical evaluation for certain components.

Based upon lessons learned from historic water resources development projects and ecosystem
restoration projects, the LACPR planning effort encompassed all of coastal Louisiana and
integrated water resources objectives of hurricane protection, flood control, and coastal
restoration. The LACPR technical report was offered as guidance for Congress and other
decision makers in long-term decision making regarding hurricane protection, flood control and
coastal restoration.

The LACPR developed a multi-criteria decision analysis (MCDA) tool to provide a “Risk
Informed Decision Framework” that was proposed as a way to organize and present data in a
format useful for decision making. This multi-criteria framework was developed to attempt to
provide a transparent process for making and communicating planning decisions. The framework
was offered to provide information to decision makers on a set of possible future conditions as

13 http://www.lacpra.org
¥ http://lacpr.usace.army.mil/default.aspx
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well as organizing evaluation information on multiple and diverse objectives and stakeholder
values.

LACPR’s Risk-Informed Decision Framework was proposed for:

e identification, assessment, communication and management of risks to life, health, the
environment and economics associated with hurricane-induced flooding and residual risks
associated with risk mitigation plans;

e accounting of the major uncertainties in the planning environment that could affect the
performance of plans in the future;

e identification of data gaps that could influence decisions;

e a basis for ranking the performance of alternative plan formulations based on risk metrics
correlated to planning objectives and stakeholder values; and

e establishment of confidence levels for planning decisions and recommendations.

There may be several very different effective solutions for very complex problems. The LACPR
effort highlighted the fundamental issue of how to evaluate and compare various, often
conflicting, alternatives. The primary lesson from the LACPR effort was that proponents and
stakeholders for hurricane and flood risk reduction learned that in addition to typical quantifiable
economic costs, there are also environmental functions and values, as well as individual or
personal impacts, for which it is not possible to effectively determine the costs. Conversely,
proponents and stakeholders for environmental restoration learned that environmental restoration
efforts may also bear significant risk acceptance costs.

2.2.4 Local Impact of Fast Flow on Houses Caused by Breach of Embankments
(Japan)

In urban areas located on flat lowlands, it is not unusual to observe residential areas extending
right up to the river embankments. A breach of the embankments in these areas has a risk of the
destruction or washing away of the nearby houses due to high speed flood water flow. Moreover,
the rapid increase of the flood area and flood depth makes evacuation difficult, aggravating the
prospect of possible human casualties.

Using the FDS (Flux Difference Splitting) method suitable for analysis of the mixed flow of
streaming flow and jet flow where the water depth and flow velocity violently change, the
National Institute for Land and Infrastructure Management (NILIM) has conducted a two-
dimensional unsteady plane simulation for the flood water flow for actual cases in which the
damage described above actually occurred. As this simulation adopted a 2 m mesh size to
incorporate the shapes of individual houses and the roads in the computation model, it was
possible to reproduce the situation where flood water surges due to the presence of houses and
also runs on the roads like a river. These detailed simulation results were then used to identify
areas where it would soon be impossible to walk (i.e., areas from which evacuation would be
difficult) after the start of flooding and also high risk areas near the embankments for destruction
and/or the washing away of houses. Work is currently in progress to develop a reliable risk
evaluation method using these simulation results and other relevant data.

There are high expectations for the further use of flooding simulation results for the training of
disaster prevention personnel and the education of the public on the risk of embankment breaches
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in addition to the evaluation of possible human casualties due to flood water flow, as these results
can assist visualisation of the situation of flooding due to the breaching of embankments in urban
areas.
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Figure 13: Simulation Results of Fast Flow Caused by Breach of Embankments™

15 http://www.mlit.go.jp/river/press_blog/past_press/press/200407_12/041224-2/pdf/20041224-2_1.pdf (Japanese)
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3  Policy Development

Policy development in a flood risk management context involves (high-level) decision-making on
objectives and related levels of risk, and the selection of strategies and measures (prevention,
protection, preparedness, response and recovery) and required budgets to achieve desired
outcomes. The resulting mix depends on the characteristics and consequences of flooding,
desired levels of risk, available budget, and cultural aspects. Notwithstanding political
boundaries, decision-making will ideally occur within a watershed framework and consider
lifecycle aspects.

Some policy decisions involve setting an acceptable level of risk, and then determining how to
meet it over time. Setting an acceptable level of risk implies that design criteria are made explicit
for measures to meet the acceptable level (e.g., the flood level corresponding to the 0.2% flood.)
On the other hand, it also clarifies the conditions authorities, organizations and individuals have
to be prepared for when the design level is surpassed, the so-called “residual risk”. The
characteristics of those typical extreme events demand a probabilistic approach, since known
historic events often don’t cover the entire scale of extreme events that are physically possible to
address uncertainties inherent in flood risk analyses.

Other policy decisions may be driven primarily by available budget and the expected level of risk
reduction that can be achieved for the investment, with decisions focused on where best to spend
precious funds. In such instances, various levels of risk — among locations or implementation
options — can help prioritize expenditures. Residual risk remains an important consideration and
requires specific contingency plans, including the addition of possible resiliency features to a
system.

Section 3.1 considers the national level; Section 3.2, the regional/local level.

3.1 National Level

311 Japan: River System-Based Management and River Improvement Plan

3.1.2 Japan: Catchment Approach/Comprehensive Flood Control Measures

3.1.3 Japan: "Climate Change Adaptation Strategies to Cope with Water-Related
Disasters Due to Global Warming": Policy Report by the Panel on Infrastructure
Development, MLIT, June 2008

3.14 UK: Pitt Report, Recommendations, and Progress

3.15 UK: Vision and strategy for the UK (England, Scotland, Wales and Northern
Ireland) including legislation and strategies

3.1.6 UK: Allowances for Climate Change

3.1.7 USA: Adapting to Climate Change

3.1.8 USA: Proposed Principles and Guidelines

3.1.9 USA: Development of Tolerable Risk Guidelines for dams and levees

3.1.10 The Netherlands: Policy Development and Selection of Measures as Result of
2010 Risk Assessment

3.1.1 River System-Based Management and River Improvement Plan (Japan)

In Japan, the River Law prescribes basic matters about river management. In 1896, when the law
was first established, its purpose was “flood control” only. Because of the rapid increase of water
demand due to the economical development, the law acquired the new purpose of “beneficial use
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of water resources” in 1964. Against the backdrop of the growing awareness of environmental
importance, the purpose of “environment” was added to the law in 1997.

Since the revision in 1964, the basic idea of the River Law has been "river system-based
management”. The reason for adopting this idea is that river works in upstream sections or
branches inevitably affects the safety of downstream sections or mainstream and may arouse
conflicts. Based on the idea, river management has been implemented by adjusting the policy
between the upstream and downstream, mainstream and branches of each water system.

The Law revised in 1997 prescribes that each river management authority shall determine a “basic
policy for river improvement” for each river system. It contains matters related to basic policies
for river works and maintenance, including design flood discharge and others. The basic policy
should be determined to secure comprehensive river management for each river system by
considering the occurrence of flood disasters, the current uses and the future development of
water resources, and the river environment. The law also requires the basic policy to be
coordinated with the national spatial plan and the basic environment plan. The basic policy for
river improvement is a long-term plan for flood control and other river improvements.

Based on the basic policy for river improvement, each river management authority shall also
determine a “river improvement plan” for each river section where river improvement works must
be implemented in a well-planned manner. The river improvement plan prescribes specific
measures to be taken in approximately two or three decades after its formulation. Where
acknowledged necessary for working out the river improvement plan, river management
authorities shall also take necessary measures to reflect opinions of the residents concerned.

The river system-based management with the formulation of the “basic policy for river
improvement” and the “river improvement plan” contributes to the achievement of
comeprehensive flood risk management of each river system, balancing upstream and
downstream, mainstream and branches for river improvement works and maintenance.

3.1.2 Catchment Approach/Comprehensive Flood Control Measures (Japan)

During the period of high economic growth from the mid-1950s, there was a marked migration to
three metropolitan areas in Japan. The progressive conversion of farmland and forest land to
residential plots in vast areas adjacent to already urbanised areas led to the emergence of various
problems from the viewpoint of flood risk management. The essential water retention and
retarding functions of river basins declined, resulting in shortening of the time to reach the flood
peak runoff as well as an increase of the flood peak discharge. Moreover, the development of
residential plots increased the scale of the potential flood damage risk. As it became difficult to
control flooding based on widening of the river channel and other conventional means of river
improvement, there was growing recognition of the necessity to develop a new comprehensive
scheme for flood control in which river improvement forms an integral part of regional
development. Following a report by the River Council in FY 1977, it was decided to promote
"comprehensive flood control measures".

Comprehensive flood control measures actually combine physical measures with non-physical

measures to achieve the intended objective. These measures range from the construction of flood

control facilities, such as embankments and sewerage systems, to basin management measures,

including the construction of water storage and infiltration facilities at public parks, schools and

temporary rainwater storage in newly developed residential areas. Other measures include those
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designed to alleviate flood damage by means of publicly identifying flood hazard areas to
improve public awareness of the potential flood risk and those designed to promote appropriate
land use.

Comprehensive flood control is currently adopted for 17 rivers nationwide where the basin has
undergone the process of tremendous urbanization.

Table 2: Systematic Chart of Comprehensive Flood Control Measures (Japan)

Physical Construction Rivers e River improvement
Measures of flood e Construction of reservoirs and diversion
?On_'ifo] channels
acilitles Sewerage Laying of sewer pipes

Construction of pumping stations
Construction of storm water reservoirs
Basin Storage Introduction of storage tanks and regulating
management reservoirs for disaster prevention
Infiltration

e Promotion of porous paving
o [nstallation of infiltration inlets
Non-Physical Appropriate e Retention of urbanization regulation areas
Measures land use, etc. e Preservation and restoration of green areas
o Subsidy for flood resilient (e.g., high-floor)
houses
Flood warning e Gathering and supply of precipitation and water
and fighting level data
systems e Establishment of a flood warning system
o Strengthening of the flood fighting system
Public e Public announcement of flood hazard area maps,
Relations etc.
activities, etc. e Encouragement of river-related private sector

activities, including river cleaning
o Distribution of pamphlets, etc.
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Figure 14: Comprehensive Flood Control Measures
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3.1.3 "Climate Change Adaptation Strategies to Cope with Water-Related
Disasters Due to Global Warming": Policy Report by the Panel on
Infrastructure Development, MLIT, June 2008 (Japan)

Climate change due to global warming is causing concern for the aggravation of water-related
disasters due to a rise of the sea level, increased frequency of torrential rain, further intensification
of typhoons/hurricanes and worsening droughts. For example, one prediction suggests a
conspicuous worsening of the safety level of flood control which corresponds to the precipitation
in existing flood control plans. According to this prediction, the safety level is likely to drop in
100 years’ time to the level capable of dealing with heavy rain with a return period of 90 to 145
years for river systems of which the current return period of target rain is 200 years.

In order to examine suitable policies and measures to deal with such a situation, the Panel on
Infrastructure Development, a government panel of experts, held a series of deliberations on
climate change adaptation strategies to cope with water-related disasters due to global warming
and compiled a report in June 2008*.

The report recommends multiple implementation of "flood control policies to secure safety by
river basin measures™ to counteract the growing external forces in addition to "flood control
policies to secure safety through river improvement™ where the principal emphasis is placed on
coping with a certain design discharge through river channel improvement and the construction of
flood control facilities. Those policies in river basins involve (i) flood control facilities such as
retarding basins, (ii) runoff control facilities such as regulating reservoirs and rainwater storage
and infiltration facilities, and (iii) the use of setback (secondary) levees, ring dikes, roads and
railroad embankments to prevent the spread of flood water, and should be applied with proper
consideration of the mode of local land use.

For the smooth implementation of these policies, emphasis is placed on priority investment in
preventive measures, clarification of priorities, preparation of a road map, adoption of an adaptive
approach, collaboration of stakeholders, development of new technologies and promotion of
international contribution, primarily focusing on the Asia-Pacific Region.

3.1.4 Pitt Report, Recommendations, and Progress (United Kingdom)

Following the widespread and serious flooding in England during June and July 2007, Sir
Michael Pitt conducted an independent review (the Pitt review) of the way the events were
managed. The final report was published in June 2008*" and contained a detailed assessment of
what happened and what might be done differently. It put forward 92 recommendations covering
prediction and warning of flooding, prevention, emergency management, resilience and recovery.

A government response to the Pitt review was published in December 2008. The Ministers at the
time accepted all of the Report’s recommendations and gave an undertaking to implement them in
line with the delivery guide. Defra’s Structural Reform Plan reinforced the current Government’s
commitment to ensure that the Pitt recommendations are implemented.

16http://www.mIit.qo.ip/river/basic info/jigyo _keikaku/gaiyou/kikouhendou/pdf/draftpolicyreporttext.pdf
1 Learning lessons from the 2007 floods, 2008. Sir Michael Pitt, The Cabinet Office, London, United Kingdom.
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The majority of the recommendations made in the Pitt review have now been implemented,
though work on some is still in progress. The UK Government is not expected to pursue the
recommendation on inclusion of flood risk information in Home Information Packs made
available to potential purchasers of houses; and the recommendation on flood resilience and UK
Building regulations is still being considered.

Key areas in which recent progress has been made include:

e The Flood and Water Management Act is starting to be implemented, with work underway
to enable lead local flood authority roles to take effect from April 2011.

e The development and approval by UK Parliament of the first statutory national flood and
coastal erosion risk management strategy for England (July 2011).

e The Government published the National Flood Emergency Framework in July 2010 to
provides guidance and advice for councils and others on planning for and responding to
floods.

e Defrais also working with key groups including local authorities, the Environment
Agency and professional bodies to ensure that authorities have the capacity for their new
role. Funding is being provided for local authority participants in a foundation degree and
wider training developed. A draft strategy for skills and capacity building within local
authorities was published in July.

e Local authority work on preliminary flood risk assessments was supported by £2 million
UK central Government funding (announced July 2010) and to date 173 out of the 174
lead local flood authorities in England and Wales have submitted their assessments.

e Exercise Watermark took place successfully in March 2011 (see Section 4.4.4.)

3.1.5 Vision and Strategy for the UK (England, Scotland, Wales and Northern
Ireland) Including Legislation and Strategies (United Kingdom)

The vision and strategic approaches to flood risk management are broadly similar across the UK
(i.e., within England, Scotland, Wales and Northern Ireland). However, the approach to delivery
and the organizations involved differs in each country, to take into account different
administrative, geographical and environmental circumstances. In all countries, the approaches
adopted are risk-based and aim to promote sustainable approaches to flood management. These
are explained in more detail below.

England and Wales

The Environment Agency has published a National flood and coastal erosion risk management
strategy for England*® to ensure that government, the Environment Agency, local authorities,
water companies, internal drainage boards and other organizations that have a role in flood and
coastal erosion risk management (FCERM) understand their role and co-ordinate how they
manage these risks. This fulfils a requirement in the Flood and Water Management Act (2010)*°,

18Understanding the risks, empowering communities, building resilience — the national flood and coastal erosion risk
management strategy for England, 2011, The Environment Agency, England.
www.environment-agency.gov.uk/research/policy/130073.aspx
19 The Flood and Water Management Act, 2010, The Stationery Office, London, England
www. legislation.gov.uk/ukpga/2010/29/pdfs/ukpga_20100029 en.pdf
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which gave the Environment Agency a ‘strategic overview’ of flood and coastal erosion risk
management and in turn takes forward a recommendation from Sir Michael Pitt’s inquiry into the
2007 floods?®. The Welsh Government has a similar obligation under the Act to produce a
national FCERM strategy for Wales and carried out a consultation®' on their developing strategy
in the summer of 2010 and aim to publish the final strategy for Wales in 2011.

The national FCERM strategy in England provides a framework to enable the organizations
involved in flood and coastal risk management to work together with communities to:

e manage the risk of flooding and coastal erosion to people and their property — over time,
England will be able, where possible, to improve standards of protection.

e help householders, businesses and communities better understand and manage the flood
and coastal erosion risks they face.

e respond better to future flood and coastal erosion. This includes during a flood incident
and afterwards during the recovery phase, and the period before and after coastal erosion.

e move the focus from national government-funded activities towards a new approach that
gives more power to local people, either at an individual, community or local authority
level. Local innovations and solutions will be encouraged, too.

e invest in actions that benefit communities who face the greatest risk, but who are least
able to afford to help themselves.

e put sustainability at the heart of the actions taken, to work with nature and benefit the
environment, people and the economy.

The strategy stresses the need for risk to be managed in a co-ordinated way — both nationally and
locally — whilst embracing the full range of practical options. It helps to bring together
government and the authorities who are responsible for managing these risks with the
organizations, communities, and people who are at risk. The strategy also sets out the main
measures or actions that need to be undertaken to manage risk. These include:

e improving understanding of the risks of flooding and coastal erosion, in particular of
surface water and ground water flood risk, and making sure that any flood and coastal risk
management plans use the most up-to-date information and raise awareness of these risks
among affected communities.

e reducing the chance of harm to people and damage to the economy, environment and
society by building, maintaining and improving flood and coastal erosion management
infrastructure and systems, where it is affordable to do so.

e helping communities understand the risks and take action to manage them or reduce the
consequences — for example, by making their properties more resilient or by adapting to
coastal change.

e avoiding inappropriate development in areas of flood and coastal erosion risk.

20 Learning lessons from the 2007 floods, 2008. Sir Michael Pitt, The Cabinet Office, London, England.
http://webarchive.nationalarchives.gov.uk/20080906001345/cabinetoffice.gov.uk/thepittreview.aspx

%1 Flood and coastal erosion risk management: development of a national strategy for Wales, 2010, Welsh
Government, Cardiff, Wales.
http://wales.gov.uk/topics/environmentcountryside/epg/waterflooding/flooding/strategy/?lang=en
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e improving the detection and forecasting of floods and the provision of flood warnings so
that people, businesses and public services can take action, plan for, and co-ordinate a
rapid response to flood emergencies and promote faster recovery from flooding.

e taking opportunities to work with and enhance communities, services, and the natural
environment.

Improve flood prediction,
warning and post-flood recovery Manage the likelihood

Flood and Coastal
Erosion Risk Management

Prevent inappropriate Help people to manage
development their own risk

Figure 15: Managing the risk of flood and coastal erosion

Scotland

In Scotland, the Scottish Environment Protection Agency (SEPA) has a strategic role in flood risk
management, which includes the delivery of information and the co-ordination of flood risk
management. To do this, SEPA is working closely with the Scottish Government, local
authorities, Scottish Water (which is responsible for assessing the risk of flooding from surface
water and combined sewers arising from higher-than-usual rainfall events), and others to assess
flood risk and define the measures required to reduce these risks.

The Flood Risk Management (Scotland) Act (2009) initiated the development of new approaches
to flood management in Scotland. The new approach? emphasizes the need to manage flood risk
sustainably, considering all sources of floodwaters affecting an area, whether from rivers,
groundwaters, coastal areas and where extreme weather events overwhelm the drainage and waste
water networks in towns and cities. It aims to identify where such floods arise and take pro-active
actions to reduce the impacts on those communities most at risk of flooding without moving the
problems elsewhere. A key part of this process is the development of flood risk management
plans to consider all forms of flood risk and will look at current issues as well as those likely to be
faced in the future to help target investment in those areas most at risk. SEPA will produce a
national flood management plan for Scotland, complemented by local flood risk management
plans produced by the Scottish local authorities. These plans will identify and co-ordinate actions
to tackle flooding, and will be released for public comment in 2014.

22 Introducing the new approach to flood risk management, 2010, SEPA, Scotland. www.sepa.org.uk/flooding.aspx
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Northern Ireland

In Northern Ireland, the Rivers Agency (an agency within the Department of Agriculture and
Rural Development in Northern Ireland) has the lead role in flood risk management. The Rivers
Agency published “Living with Rivers and the Sea” in 20082 to set out its strategic approach to
managing flood risk. This document provides a 10 year, flexible policy framework for flood risk
management in Northern Ireland and marked a change in the approach adopted by the Rivers
Agency from flood defense to flood risk management, including the built and natural
environment, surface water drainage and new development. The broad vision of the new approach
is to manage flood risk to facilitate the social, economic and environmental development of
Northern Ireland and includes the following aims:

e To reduce the risk to life and the damage to property from flooding from rivers and the
sea.

e To undertake watercourse and coastal flood management in a sustainable manner.

The framework identifies five key risk management measures and summarizes key policies on:
maintenance of the arterial drainage network, the regulation of river and coastal protection, and
the sustainable management of the Northern Ireland coast. The five key risk management
measures are:

e Identifying and planning for flood risk — identifying where flooding will take place and
planning how to deal with it.

e Flood alleviation and development infrastructure — reducing the risk of flooding by
providing infrastructure.

e Development advice — avoiding flood risk by building in the right place.
e Communication — reducing the impact by informing people about flooding.
e Emergency response — helping people prepare, cope and recover from flooding.

3.1.6 Allowances for Climate Change (United Kingdom)

With the anticipated long term changes to the UK climate over the coming century and the threats
this brings, it is important that flood and coastal erosion risks are managed to adapt to and reduce
these impacts. With the long lifetime and high cost of the built environment and many flood and
coastal erosion management measures, it is imperative that plans and investment in risk
management projects are developed appropriately for the changing risks faced. This includes
designing for adaptation where appropriate.

The Environment Agency has been working with the UK Department for the Environment, Food
and Rural Affairs (Defra) to develop new advice on adaptation to climate change in flood and
coastal erosion risk management®*. This advice builds on the UK Government’s policy for

% Living with rivers and the sea (2008). Rivers Agency, Northern Ireland.
www.dardni.gov.uk/riversagency/index/rivers-agency-

publications/rivers_agency publications_policy documents/about_us-living-with-rivers-and-the-
sea/rivers_agency publications-living-with-rivers-and-the-sea.htm

# Adapting to Climate Change: Advice for Flood and Coastal Erosion Risk Management Authorities, 2011. The
Environment Agency, United Kingdom.
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climate change adaptation, and is mainly intended for risk management projects or strategies in
England seeking central Government funding, but may also be useful where other sources of
funding are being used.

The advice recommends a "managed adaptive approach” where possible, in line with Defra's
flood and coastal erosion risk management appraisal policy statement. This provides flexibility to
manage future uncertainties associated with climate change and sets out some broad principles
that should be considered.

The managed adaptive approach contrasts with a precautionary approach, which may also be
appropriate in some circumstances. For example, future adaptation may not be technically
feasible or may be too complex to administer, or it may be economically more efficient to build in
a precautionary element at the outset. In these cases, a precautionary approach, with a one-time
only intervention, may be the only feasible or best option. However, considering only
precautionary options would lead to greater levels of investment at fewer locations,whereas a
managed adaptive approach would ensure a fairer and more flexible spread of public investment
and therefore should be preferred where possible.

The new advice is based on the most recent climate change projections, in particular UKCIPQ9,
and provides climate change factors anticipated over different time steps (2020s, 2050s, and
2080s) that can be taken account in scheme development and investment planning decisions.
These include:

e projected changes to river flood flows by river basin district,
e changes to extreme rainfall,

e change to relative mean sea levels,

e change to storm surge, and

e change to wave climate.

3.1.7 Adapting to Climate Change (United States)

There is growing awareness that Federal agencies must begin to plan for and adapt to climate
change. Extensive records demonstrate the changing nature of climate, with changes occurring
either gradually or abruptly and with effects differing regionally. There is an especially close tie
between climate and water resources management, because the observed changes in temperature,
precipitation, and snowmelt observed now and as projected for the future can cause changes in
seasonal and spatial distribution of water, causing both floods and droughts.

Scientists and engineers from four federal agencies (U.S. Geological Survey, U.S. Army Corps of
Engineers, Bureau of Reclamation, and National Oceanic and Atmospheric Administration)
prepared an interagency report in 2009 to explore strategies for improving water management by
tracking, anticipating, and responding to climate change®. The report describes the existing and
needed underpinning science crucial to addressing the many impacts of climate change on water
resources management. It includes a section specifically addressing the use of climate
information in flood risk evaluations.

% USGS Circular 1331: Climate change and water resources management—A federal perspective.
http://pubs.usgs.gov/circ/1331/
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In 2010, the White House Council on Environmental Quality issued a set of Implementing
Instructions for Federal Agency Climate Change Adaptation. The interagency report?® outlined
recommendations to President Obama for how Federal Agency policies and programs can better
prepare the United States to respond to the impacts of climate change. The Progress Report of the
Interagency Climate Change Adaptation Task Force recommends that the Federal Government
implement actions to expand and strengthen the Nation’s capacity to better understand, prepare
for, and respond to climate change. These recommended actions include:

e Make adaptation a standard part of Agency planning to ensure that resources are invested
wisely and services and operations remain effective in a changing climate.

e Ensure scientific information about the impacts of climate change is easily accessible so
public and private sector decision-makers can build adaptive capacity into their plans and
activities.

e Align Federal efforts to respond to climate impacts that cut across jurisdictions and
missions, such as those that threaten water resources, public health, oceans and coasts, and
communities.

e Develop a U.S. strategy to support international adaptation that leverages resources
across the Federal Government to help developing countries reduce their vulnerability to
climate change through programs that are consistent with the core principles and
objectives of the President’s new Global Development Policy.

e Build strong partnerships to support local, state, and tribal decision makers in improving
management of places and infrastructure most likely to be affected by climate change.

The Corps of Engineers is responding to these recommended actions. The Corps plans to
mainstream climate change adaptation by considering it at every step in the project life cycle for
all existing and planned projects, collaborating with other federal agencies to take advantage of
different perspectives and expertise. It is currently conducting a nationwide screening-level
assessment of its vulnerability to climate change, working within a risk-informed framework.
Priority plans include developing and implementing a framework for risk-informed decision-
making for climate change, addressing the critical need for guidance in the case of nonstationary
hydrology, developing best practice guidelines for how to select from the portfolio of approaches
to develop climate information appropriate for different decisions, refining vulnerability
assessments to include bottom-up approaches at the project level, and developing metrics and
endpoints to measure adaptation effectiveness.

3.1.8 Proposed Principles and Guidelines (United States)

The U.S. Federal Government is proposing to update the Principles and Guidelines for Water and
Land Related Resources. The Principles and Guidelines for Water and Land Related Resources
Implementation Studies (P&G) govern how Federal agencies evaluate proposed water resource
development investments, including flood risk planning and risk reduction investment actions.
The first set of "Principles and Standards™ was issued in September 1973 to guide the preparation
of river basin plans and to evaluate federal water projects. The current principles and guidelines
went into effect in March 1983 and applied to the water resources development activities of the

% http://www.whitehouse.gov/sites/default/files/microsites/ceq/Interagency-Climate-Change-Adaptation-Progress-
Report.pdf
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U.S. Army Corps of Engineers, Bureau of Reclamation, Natural Resources Conservation Service
and the Tennessee Valley Authority.

In the Water Resources Development Act of 2007, Congress instructed the Secretary of the Army
to develop a new Principles and Guidelines for the U.S. Army Corps of Engineers (section 2031).
In an effort to modernize the approach to all Federal water resources development, the Council on
Environmental Quality has taken the lead on revising the Principles & Guidelines and is
expanding its scope to include other relevant projects, programs and activities undertaken by
other agencies such as the Environmental Protection Agency, and the Departments of Commerce,
the Interior, Agriculture, and Homeland Security (Federal Emergency Management Agency).

The last publicly released draft was issued in December 2009%’. Although there have been
significant changes since that time, important concepts expected to remain consistent with those
described in the 2009 draft include:

e Achieving Co-equal Goals: Federal water resources planning and development should
both protect and restore the environment and improve the economic well-being of the
nation for present and future generations. While the 1983 standards focused primarily on
economic development, the new approach envisions that Federal investments in water
resources as a whole should strive to maximize public benefits, including economic,
environmental, and social goals, with appropriate consideration of costs.

e Considering Monetary and Non-Monetary Effects: Evaluation of investments should
consider both monetary and non-monetary effects, and allow for the consideration of both
quantified and unquantified effects, to justify and select a project. Tradeoffs among
potential investments would need to be assessed and communicated.

e Avoiding the Unwise Use of Floodplains: Federal investments in water resources should
avoid the unwise use of floodplains and flood-prone areas and minimize adverse impacts
and vulnerabilities in any case in which a floodplain or flood-prone area must be used.
Unwise use of floodplains is defined as any action or change that has an unreasonable
adverse effect on public health and safety, or an action that is incompatible with or
adversely affects one or more floodplain functions leading to a floodplain that is no longer
self-sustaining.

e Non-Structural Measures: Water resources investment decisions must give non-structural
measures full and equal consideration in the development of alternatives to address water
resources problems and opportunities without adversely impacting floodplain functions.
This re-emphasizes long-standing requirements for consideration of non-structural
measures.

e Increasing Transparency: Through identifying and communicating tradeoffs among
alternative investments and by providing a common framework for describing the effects
of alternatives, Federal investments can be more easily viewed and compared within and
among Federal programs, informing authorization and funding decisions.

27 http://whitehouse.gov/administration/eop/ceg/initiatives/PandG
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3.1.9 Development of Tolerable Risk Guidelines for Dams and Levees (United
States)

The U.S. Army Corps of Engineers is implementing the tolerability of risk or tolerable risk
guideline concepts for use in its dam safety program (see Figure 16). The Corps is adapting the
U.S. Bureau of Reclamation’s “Guidelines for Achieving Public Protection in Dam Safety
Decision Making,” and the Tolerable Risk Guidelines (TRG) concepts published in the Australian
National Committee on Large Dams’ 2003 Guidelines on Risk Assessment. The Corps will use
the concept that a dam is considered adequately safe when residual risk is considered tolerable
and it meets all essential Corps guidelines with no dam safety issues. Four risk measures are
evaluated under the Corps tolerable risk guidelines: annual probability of failure, life safety risk
(to include both individual and societal incremental life safety risk), economic risk, and
environment and other non-monetary risk. However, according to the Corps and as reflected in
the TRG, “life safety is paramount”. In applying tolerable risk guidelines, the incremental risk
(the added risk that may arise from poor performance of the dam over the risk that existed before
the dam was built) is the basis for the TRG. New dams or major modifications have more
stringent standards than existing dams. Dams with failure risks above a tolerable risk limit are
considered to have an unacceptable level of risk; risks should be reduced to the tolerable risk limit
regardless of cost considerations, except in exceptional circumstances, and then further until “As
Low As Reasonably Practicable” considerations are satisfied (see Figure 16). Evaluation of the
tolerability of risk for large incremental life loss estimates will be based on an official review of
the benefits and risks of exceptional circumstances.

General Framework Project-Specific

Unacceptable Region Framework
Risk cannot be justified
except in extraordinary
circumstances.
Tolerable Risk Limit

Range of Tolerability

People and society

are preparedto aceept | - 4-----[- - —---- - Lower risktoa

Increasing individnal risks and societal concerns.

risk in order to secure tolerable level by

benefits. Tolerable  meeling project-
Residual specific ALARP
Risk requirements.

Broadly Acceptable Region Broadly Acceptable Risk Lewel

Risk regarded as negligible with

no effort toreview, contrel, or

reduce the risk

Figure 16: Generalized and Project-Specific Tolerability of Risk Framework
(Adapted from Health and Safety Executive, United Kingdom, 2001)
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The application of the TRG concept to levees remains under investigation and testing. In March
2010, the Corps sponsored a workshop exploring tolerable risk guidelines for its Levee Safety
Program; the proceedings of this workshop are available online®®,

3.1.10 Policy Development and Selection of Measures as a Result of 2010 Risk
Assessment (The Netherlands)

Even though existing policies already take future natural variability into account such as sea level
rise, rainfall and river discharge, this may be insufficient to meet the long term challenges of
climate change. Therefore, the government commissioned a special advisory group: the (2"
Delta Commission. The Commission reported in 2008%° and many of their recommendations have
been implemented into the National Water Plan (2009*°). With a time horizon running up to 2100,
the new policy presents a comprehensive strategy consisting of (1) measures to protect against
floods and droughts, (2) spatial development and water management, (3) a flexible approach
starting with “no regret” measures (like spatial reservations), (4) long term funding and a legal
basis to guarantee long term implementation.

Unlike the first Delta Program, which was almost exclusively run by the national government, the
new program aims to join the interests of different layers of government. This raises issues
concerning a new type of governance.

For a small flood prone country like the Netherlands, the consequences of flooding may be so
large that the existence of the country is at stake. Therefore protection against flooding has the
highest priority. However, 100% protection can never be guaranteed, requiring additional and
appropriate measures to respond and avoid damage and fatalities when a flood does occur. The
National Water Plan (2009) describes the Dutch policy regarding flood risk management. This
policy is in line with the European Directive on the Assessment and Management of Flood Risk
(“Floods Directive”.?)

The flooding of New Orleans in 2005 illustrated the consequences of floods in large urban areas
and the resulting large scale and long-lasting disruption of society. This triggered the
development of policies to reduce flood damage to buildings and vital services (by developing a
sustainable spatial planning) and to improve the emergency response to floods as well. Presently
some provinces experiment with flood risk zoning, especially regarding new urban development
(see Figure 17) and large scale reconstruction projects. The Taskforce Flood Management was
established to improve the preparation on large-scale evacuations, resulting in a national exercise
in the autumn of 2008.

Three layered approach

The desired level of flood protection in 2050 (see Section 2.1.1) can be met by (1) levee system
reinforcements or ‘room-for-river’-measures (prevention) (see Section 4.3.6), (2) sustainable
spatial planning and (3) improved emergency response to floods. See Figure 17 (diagram on the
right.) Until now attention has been paid to prevention only.

28 http://www.iwr.usace.army.mil/docs/iwrreports/10-R-8.pdf

2 \www.deltacommissie.com

3 http://english.verkeerenwaterstaat.nl/english/topics/water/water and the future/national water plan
31 http://ec.europa.eu/environment/water/flood risk/index.htm

37



http://www.iwr.usace.army.mil/docs/iwrreports/10-R-8.pdf�
http://www.deltacommissie.com/�
http://english.verkeerenwaterstaat.nl/english/topics/water/water_and_the_future/national_water_plan�
http://ec.europa.eu/environment/water/flood_risk/index.htm�

Six so-called “dike ring areas’ (areas protected by a levee system) have been assigned to develop
new strategies in order to reduce flood risk according the above-mentioned three layered
approach. One of the pilots is the Betuwe, a dike ring area along the upper rivers. Figure 18 below
shows one of the most promising strategies developed by participants from the Province, several
Municipalities, Water Boards and the Safety regions.

Figure 17: An example of sustainable spatial plannig. The picture on the left shows new
urban development in Dordrecht; the whole area will be elevated since it is not protected by
a levee. The diagram on the right shows the three-layered approach.

44
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After a breach in this levee, water will flow along the river from the east to the west part of this dike
ring area, resulting in more than 7 meters of water in the most western part (worst case situation).
Area 1 has the highest population density and faces more urban development. Therefore a “failure
proof” super levee (see Section 4.2.1) along this area (orange) has been proposed, which reduces
the flood risk in the lower lying area 2, 3, 4 and 5 as well. Along the west bank of the Amsterdam-
Rhine channel (between area 3 and 4) a compartment wall should be built in combination with two
outlet sluices (red) to prevent water to flow into area 4 and 5. Cities in the latter areas finally
should fully be protected by a ring of levees that serves as a shelter for inhabitants who have to
evacuate from the rural area between these cities.

Figure 18: Possible measures in a relatively high risk area within a
levee system along the upper rivers
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3.2 Regional / Local Level

3.21 USA: Considering Environmental/Social Benefits and Flexible Solutions
3.2.2 Japan: Catchment-based Regional Flood Management Planning, the Case of the
Tsurumi river basin

3.2.1 Considering Environmental/Social Benefits and Flexible Solutions
(United States)

The policies of the United States for repairing federal and federally-supported flood risk reduction
projects damaged in flood events have typically been to “repair to pre-flood conditions.” For
instance, Engineer Regulation 500-1-1, dated 30 September 2001%, requires that flood risk
reduction systems be repaired to their pre-existing level of protection. Any repairs made that
would create a level of protection beyond this pre-existing level would be considered a
“betterment”, which must be completely financed by the non-Federal sponsor of the project.
However, this policy is currently undergoing revision, and can be expected to allow for more
flexibility in utilizing non-structural solutions in future repair work. The shift in policy towards
allowance of these features has come about gradually in the United States, as the significant
economic, environmental, and social benefits associated with them become evident, although
implementation challenges remain. (For example, although environmental losses during
Hurricane Katrina were an essential component to the overall assessment of consequences, they
were difficult to characterize beyond the short term; not nearly enough information is available on
long-term impacts of saltwater intrusion and flooding on freshwater marshes, or on the conditions
and rates of recovery that can be expected.) Through the Sustainable Rivers Project, launched by
The Nature Conservancy and the U.S. Army Corps of Engineers, state-of-the-art research on
rivers’ unique flow requirements is being assembled and then dam operating plans created that
achieve environmental flows in order to revive and sustain critical ecological functions and
habitat for species. Using these flow prescriptions as a guide, the Conservancy has also begun
acquiring flood-prone land to enhance flood protection for communities downstream, preserve
wildlife habitat, and provide more flexibility to implement healthy flow patterns at dams.

The economic benefits of taking non-structural actions rather than making repairs to flood risk
reduction project structures ought to be carefully evaluated before any repair action is taken.
When a levee experiences an uncontrolled failure the results are often catastrophic, causing
excessive damage to the levee system and the property behind the system, although loss of life is
rare. Repairing the damaged system and the damaged property in these situations can be quite
expensive, as can be the costs of land acquisition and removing structures from the floodplain that
is now exposed to flooding through the breached levee. Similarly, a levee that experiences
repetitive damages, failing in the same location repeatedly, requires intermittent repair at typically
ever-increasing costs. Utilizing non-structural alternatives can allow for flooding in areas where
the consequences of frequent flooding are low (e.g., agricultural use) and where the
environmental benefits can be significant. Removing structures, and purchasing flood easements
or purchasing land in fee simple, can allow for reconnecting the river hydrograph and the
floodplain, restoring important natural habitat conditions, and providing sediment and nutrient
trapping that can improve water quality. Recreational benefits may also be feasible. The newly
opened floodplain may also reduce future flood damages upstream and downstream of the area by
reducing flood peaks.

32 http://140.194.76.129/publications/eng-regs/er500-1-1/entire.pdf
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A recent example of the potential for such a post flood action took place after damage to a levee
occurred in Louisa County, lowa. After the lowa River 2008 Midwest flood, a levee in Louisa
County #11 Levee District sustained a total of seven breaches. Due to the high cost of repairing
these breaches, a non-structural solution was proposed. Two of the upstream breaches were
ultimately repaired, in order to protect vital local infrastructure, but the remaining five breaches
were left open, allowing reconnection of the river and the floodplain. The land behind these
breaches was agricultural, and may still be farmed when floods are not occurring. Therefore, the
majority of the time, the land may still be used for its intended purpose. During flood events,
however, the breaches allow flood waters into the agricultural areas, where the consequences of
flooding are lower, reducing the amount of water available to flood the more heavily populated
downstream areas. This alternative provides reconnection of nearly 1,295 ha (3,200 acres) of
previously isolated floodplain with the lowa River, improves environmental habitat, and
increased flood storage benefits to downstream interests; construction is complete, with program
costs estimated to be $187,000 less than the full structural repair.

3.2.2 Catchment-Based Regional Flood Management Planning, the Case of the
Tsurumi River Basin (Japan)

The Tsurumi River, located between metropolitan Tokyo and Yokohama, is 43 km in total
mainstream length and 235km? in catchment area. The downstream area is managed by the
national government and the others by such local governments as Tokyo, Kanagawa prefecture
and also Yokohama City. Since the river is located between the large cities of Tokyo and
Yokohama, development along the river has progressed rapidly since 1960s. In the areas along
the river, the rate of urbanized area and the population were about 10% and about 450,000 in
1958. Both numbers increased to about 85% and about 1,880,000 respectively until 2004. This
rapid urbanization lowered the rainwater retention and retarding functions in the catchment area.
Instead of permeating the soil, rainwater began to flow into the river. This increased the risks of
flood damage.

Therefore, in 1981, the “Tsurumi River Area Improvement Project” was worked out as the first
case to introduce comprehensive flood control measures in Japan. The project was to upgrade
flood safety rapidly and to maintain and strengthen the retention and retarding functions along the
river. In the project, assumed runoff discharge to the river is allocated to river channels and
catchment areas and appropriate measures are applied to both of them. Measures to river channels
were to be implemented by river management authorities and those to catchment areas were to be
done by municipalities and private developers. To cope with changes of land use due to the
unexpectedly fast progress of urbanization, the project was revised to the “New Tsunami River
Area Improvement Project” in 1989.

However, new subjects surfaced: 1) insufficient river, sewage and catchment facilities to prevent
flooding, 2) discrepancies between the predicted and the actual land use, 3) deterioration of
retarding function, reclamation of existing flood control reservoirs because of the unclear legal
position of runoff control facilities, and 4) occurrence of new type of flood damage such as
flooding of basement spaces by localized torrential downpour.

In 2004, the “Act on Countermeasures against Flood Damage of Specified Rivers Running across
Cities” was put in force to take comprehensive measures against flood damage along urban rivers.
The Act was intended for a new legal system for more viable implementation of comprehensive

measures. It prescribes the development of catchment flood management plan, the construction of
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rainwater storage and infiltration facilities by river management authorities, the enforcement of
regulation to catchment area to control runoff, designation of urban flood prone areas, etc.

Based on this Act, the Tsurumi River was designated as a specific urban river in 2005. This
designation prompted river management authorities, sewage management authorities, and local
public entities take concerted measures against flood damage.

In 2008, the “Tsurumi River Area Flood Control Plan” was worked out to promote flood control
measures together by the above competent authorities and also local residents. Based on this plan,
measures are being strongly promoted. Further information on Comprehensive Water
Management in Japan, taking the Tsurumi River as an example, is provided in a paper (available

in English.)*
e
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Figure 19: Tsurumi River Basin
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Figure 20: Urbanization in the Tsurumi River Basin

% http://www.ktr.mlit.go.jp/keihin/tsurumi/project/masterplan/02_ritsuan/wwf3/forum/pdf/unno_e w.pdf
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4  Executive Aspects

The success of the flood risk management policy is determined by its implementation, execution,
and maintenance. ldeally risks and policies will be reassessed periodically so that implementation
can be adjusted as warranted. Important aspects are related to the different parts of the safety
chain, as well as the required governance, funds, legislation and skills of the involved employees.

In this chapter the following topics will be considered: land use policies (Section 4.1), protection
(Section 4.2), maintenance (Section 4.3), preparedness (Section 4.4), response and recovery
(Section 4.5), governance, public participation and communication (Section 4.6), financial aspects
(Section 4.7), and finally research and education (Section 4.8).

4.1 Land Use Policies

4.1.1 USA: Opportunities for Buy-Outs, Mitigation, and Buying Down Risk
4.1.2 UK: Land Use Change and Flood Risk Management
4.1.3 Japan: Flood Control Measures in Concert with Land Use

4.1.1 Opportunities for Buy-Outs, Mitigation, and Buying Down Risk (United
States)

U.S. Department of Homeland Security (DHS) Federal Emergency Management Agency (FEMA)
hazard mitigation assistance programs present a critical opportunity to reduce the risk to
individuals and property from natural hazards while simultaneously reducing reliance on Federal
disaster funds. While the statutory origins of the programs differ, all share the common goal of
reducing the risk of loss of life and property due to natural hazards.

Hazard mitigation assistance programs enable mitigation measures to be implemented before,
during, and after the recovery from a disaster, although before-disaster budgets are limited. In
general, hazard mitigation assistance programs provide up to 75 percent of the eligible activity
costs, with the remaining 25 percent to be derived from non-Federal sources. States, Territories,
and Indian Tribal governments are eligible applicants; local governments and, in some instances,
private non-profit organizations may be sub-applicants. Funding depends on federal assistance
provided for disaster recovery or annual appropriations by Congress. Eligible activities include
property acquisition and structure demolition or relocation, structure elevation, dry floodproofing,
and minor localized flood reduction projects. Some hazard mitigation planning and management
costs are also eligible. All mitigation projects must be cost-effective, engineering and technically
feasible, and meet Environmental Planning and Historic Preservation and other requirements.
Eligibility is tied to location with respect to the 1% annual chance flood (termed the Special Flood
Hazard Area), as well as to community participation and standing within the National Flood
Insurance Program (including adoption and enforcement of minimum flood management
ordinances.) All applicants and sub-applicants must have hazard mitigation plans meeting the
requirements of federal regulations.

Examples range from individual to large-scale. In Rutherford County, Tennessee, a home subject
to repeated flooding was acquired and demolished for a total cost of $95,000 (including paying
fair market value for the structure); short-term benefits have been calculated at approximately
$289,123. In Story County, lowa, six properties were acquired for approximately $732,884 after
being flooded in 1990, 1993 and 1996; savings after one flood event are as high as $541,900 not
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including avoided costs of warning, rescue and evacuation. The community of Valmeyer,
Illinois, (population 900 pre-flood and 1,200 today) relocated after being wiped out by floods in
1993. In Kinston-Lenoir County, North Carolina, more than 400 residential structures, three
mobile home parks, and 68 vacant lots were acquired in a multi-year effort costing approximately
$31 million after Hurricane Fran caused major flood damages in 1996; losses avoided after
Hurricane Floyd in 1999 were estimated to be over $6 million, with repair and replacement cost
of flooded homes accounting for almost half the avoided loss. And in Birmingham, Alabama, a
cooperative effort by the city, State, and Federal governments spanning 20 years removed 735
structures from the floodplain at a cost of $37.5 million, returning the floodplain to its natural
state as a retention basin for floodwaters; there was an estimated 150 percent return on investment
when severe storms hit in 2000, with almost no residential property damage, no displacement of
residents and no need for assistance.

The Corps of Engineers, when developing its flood risk reduction projects, considers relocation of
structures at risk to facilitate development of a comprehensive plan. For example, in the
development of flood risk reduction along the frequently-inundated Red River between Grand
Forks, North Dakota, and East Grand Forks, Minnesota, over 1,000 structures were removed from
the floodplain.

The Corps has historically worked hand-in-hand with sponsors throughout the country to
investigate flood risk management problems and opportunities and, if warranted, develop projects
that would otherwise be beyond the capability of the sponsor itself. Corps flood risk management
activities are initiated by sponsors or potential sponsors, authorized by Congress, funded by
Federal and non-Federal sponsors, and constructed by private contractors supervised by the Corps
under the civil works program.

The professional partnership between the Corps and project sponsors, as defined in a Project
Partnership Agreement (PPA), is a multifaceted relationship in which the sponsors take an active
role in all phases of project development, and work at the local level to mitigate risk to the extent
practicable within their own authorities and capabilities (see Figure 21).
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Figure 21: Buying Down Risk
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As a condition for local sponsors accepting Federal funding for flood risk reduction projects, the
PPAs routinely include provisions for local land use controls commensurate with the flood risk.
These provisions include: 1) an agreement to participate in and comply with applicable Federal
floodplain management and flood insurance programs; 2) compliance with Section 402 of the
Water Resources Development Act of 1986, as amended (33 U.S.C. 701b-12), which requires a
non-Federal interest to prepare a floodplain management plan within one year after the date of
signing the PPA, and to implement that plan not later than one year after completion of
construction of the proposed flood risk management project. The plan must be designed to reduce
the impacts of future flood events in the project area, including but not limited to addressing those
measures to be undertaken by non-Federal interests to preserve the level of flood protection
provided by the project; and, 3) an agreement to publicize floodplain information in the area of
concern and provide this information to zoning and other regulatory agencies for their use in
adopting regulations, or taking other actions, to prevent unwise future development and to ensure
compatibility with protection levels provided by the proposed project.

4.1.2 Land Use Change and Flood Risk Management (United Kingdom)

Sustainable planning and management of land use forms a key part of the strategic approach to
flood risk management in the UK. The aims of this work are explored in more detail below and
include:

e avoiding inappropriate development in areas of high risk,

e managing land use and development so that it does not increase risk in other areas without
prior agreement, and

e managing land use activities in areas where the consequences of flooding may be low to
reduce risk elsewhere.

The avoidance of inappropriate development in areas of high flood risk is an essential factor in
containing future risk and avoiding the need to invest in additional flood defenses to protect new
properties. To achieve this, the lead organizations involved in flood risk management in the UK
liaise closely with national and local land use planning authorities to help develop understanding
of areas at risk of flooding and ensure that these are taken account in development plans. National
land-use planning policy also recognizes the importance of this work. For example, a recently
launched consultation on a new draft national planning policy framework for England*®*
emphasises the need to direct development away from areas at highest risk and to adapt to the
potential impacts of climate change. This includes the development of strategic flood risk
assessments to support local development plans and the use of a sequential, risk-based approach
to the location of development to avoid flood risk to people and property where possible.

Where development does take place the aim is to use opportunities to avoid increases to risk, or if
possible reduce the probability of flooding elsewhere, for example through the use of sustainable
drainage systems to manage surface water run-off. Again, local planning authorities have a key
role in this work by ensuring that development is informed by a site-specific flood risk
assessment. In addition other land use management activities can also seek to reduce risk, for
example by:

34 http://www.communities.gov.uk/documents/planningandbuilding/pdf/1951811.pdf
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e Adapting agricultural land management to reduce rainfall run-off rates through more
sustainable approaches to drainage or by reducing the carrying capacity of field drainage
systems.

e Changing the use of agricultural land to promote greater rainfall infiltration, for example
by tree planting.

e Using land where the consequences of flooding are low to store flood water, thereby
reducing flood risk elsewhere.

4.1.3 Flood Control Measures in Concert with Land Use (Japan)

When river improvement work by means of constructing embankments is opted for at mountain
valleys, where land for levee construction is relatively large for the area to be protected or at
places requiring long continual embankments, the completion of work tends to be delayed due to
issues relating to insufficient land and prolongment of the construction work despite an urgent
need for the quick implementation of flood control measures in view of the frequent occurrence of
flooding.

From the viewpoint of facilitating quick but efficient as well as effective flood control work, the
central and prefectural governments in Japan are implementing a type of flood control project
called "flood disaster prevention project in concert with land use". With this type of project, while
flooding must be tolerated in some areas, houses are limitedly protected from flooding through
the construction of a ring levee, raising of the housing ground, introduction of small riverbank
levees, flood protection facilities of houses, water storage facilities and other suitable measures.

With a view to alleviating flood damage, the municipality prepare and publicise a hazard map
covering the areas where flooding must be tolerated and designates the areas as “disaster hazard
zones” by enacting a bylaw based on the Building Standards Act to prevent the construction of
new houses in these zones. The designation of “disaster hazard zones” must be included in the
regional disaster prevention plan as stipulated by the Disaster Countermeasures Basic Act.

In addition to flood disaster prevention projects, there is a national government subsidy system to
assist the construction of secondary embankments which are constructed by municipalities to
prevent and alleviate flood damage. A new national government subsidy system launched in FY
2010 provides assistance for the cost of resettlement, including house removal cost, relocation
cost and actual cost of a temporary dwelling, when a river administrator plans the construction of
a ring levee under a flood disaster prevention project or a municipality plans the introduction of a
disaster prevention facility such as a secondary embankment. However, this subsidy is only
available when the relocation of existing houses (in addition to the construction of a ring levee,
secondary embankment or other) in an area where flooding must tolerated will allow a reduction
of the scale of the ring levee or secondary embankment in question, thereby making the project
more efficient as well as economical.
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4.2 Protection

4.2.1 Japan: Super Levees (Japan)
4.2.2 The Netherlands: Design, Maintenance and Improvement of Flood Defenses
4.2.3 Japan: Efforts to Increase the Reliability of Embankments

4.2.1 Super Levees (Japan)

Metropolitan areas in Japan, such as Tokyo and Osaka, are largely situated on the flood plains of
major rivers and, therefore, face an inherent flood risk. There is strong concern that if the
embankments along a major river protecting these areas from flooding are breached, catastrophic
damage could occur in these areas, possibly with a lethal impact on the socioeconomic activities
of entire Japan.

In the face of such a prospect, a new scheme was created in FY 1987 following a report of the
River Council issued in March 1987 to facilitate the construction of super levees (high standard
levees) to avoid devastating damage due to the breaching of embankments caused by flooding
exceeding the design scale at major rivers in metropolitan areas.

The scheme envisages the construction of very wide (the width of some 30 times of the height)
and gently sloping embankments at designated sections along six rivers (Tone, Edo, Ara, Tama,
Yamato and Yodo) in five river systems in the Tokyo Capital Region and Kinki (Osaka) Region.
At the upper part of the embankment, conventional land use (for example, residential) is still
possible and can also act as an emergency evacuation area at the time of an earthquake, fire or
other disaster.

Super levees are extremely safe as the overflowing water caused by flooding exceeding the design
scale still gently flows on the slopes of the embankment. The wide width better withstands
seepage water to avoid destruction of the embankment. Moreover, soil stabilization work is
conducted where necessary to ensure the ground resistance to soil liquefaction or landslides due
to an earthquake.

% http://www.mlit.go.jp/river/basic_info/english/pdf/guigelines_eng.pdf page 39.
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Figure 23: Super Levees*®

As work under this scheme is integral to such urban development work as land readjustment
work, it does not require the acquisition of land for itself while contributing to improvement of
the housing conditions through the elimination of existing densely built up urban areas of wooden
houses.

4.2.2 Design, Maintenance and Improvement of Flood Defenses (The
Netherlands)

The Dutch Water Act prescribes an assessment every six years of the status of the flood defenses
in relation to (every 6 years actualised) hydraulic boundary conditions. This assessment is
performed by the flood defense management authorities (mainly waterboards). The results and
proposed measures are reported to the vice Minister of Water Management, who presents the
assessment to the Parliament. The latest assessment (1 January 2006) revealed that 24 % of the
flood defenses did not meet the standards, while for another 32% the status was unclear, e.g., due
a lack of data.

The advantage of this system is a legal basis for (relatively high) flood protection standards,
periodic evaluation and reporting of required improvement and maintenance works and political
decision making on funding and prioritization. On the other hand, the high standards and lack of
frequent flooding experiences creates a low flood risk awareness of the public, many
administrations and politicians, often resulting in lower budgets than required. Waterboards have
their own system of funding for ordinary maintenance. Land owners and inhabitants of each dike

36 htt/awww.ktr. mlit.go.jp/arage/english/outline/01.html
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ring pay taxes related to the value of their property. Dike reinforcements due to revised hydraulic
boundary conditions or new knowledge on failure mechanisms are funded by the national
government.

When improvement (or construction) of flood defenses is required, potential future hydraulic
loads are considered, with a “design horizon” depending on the type of works:

e Small /dike improvement works: 10-50 years
e Capital works (sluices, locks): 100 years
e Major capital works (storm surge barriers): 200 years

Up till now for (relative) sea level rise the present value of 20 cm /century is adopted, but this
may be increased to 60 — 85 cm per century according to recent climate change scenarios of the
Royal Dutch Meteorological Institute. For the rivers Rhine and Meuse future design discharges
(1/1,250 per year) are elaborated for the years 2050 and 2100, based on the most recent climate
change and rainfall scenarios. For the river Rhine these estimates include upstream flooding in
Germany, since this reduces the extreme flood discharge that may reach the Dutch border.

4.2.3 Efforts to Increase the Reliability of Embankments (Japan)

Many large cities in Japan are located on alluvial plains formed by sediment transported by rivers
from upstream over a long period of time. As flooding on an alluvial plain tends to spread widely,
embankments are traditionally constructed to protect human lives and assets on such a plain from
flooding. Many embankments in Japan today have a complicated internal structure as a result of
repetitive reinforcement works, including raising and widening. Together with the fact that many
of them are constructed on fragile ground, such as a former river channel, embankments with a
complicated structure offer less reliability of function compared to ordinary man-made structures.

The River Embankment Design Guidelines prepared by the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) in FY 2002 clearly indicate the functions required of an
embankment, (1) seepage resistance function, (2) erosion resistance function and (3) earthquake
resistance function and demand that new embankments are designed and constructed to meet the
safety standards. For existing embankments, the MLIT has completed as of March, 2010 the
seepage safety inspection of embankments directly managed by the central government
throughout Japan based on the said guidelines. These inspections have discovered that some 40%
of the existing embankments fail to meet the seepage safety standard and reinforcing work is
currently in progress with priority given to sections with a noticeably low level of safety and
sections with a high risk of being once breached. The typical reinforcing methods are the section
area increase method and the drain method.

In FY 2008, the MLIT set up the Embankment Research Group and this group has since been
actively working on improving the reliability of embankments in collaboration with regional
development bureaus and offices. Given the special characteristic of embankments that they are
partly natural structures developed over many years, posing extremely difficult engineering
challenges, this work has adopted a mechanism of achieving its objectives in the manner of an
upward spiral based on the steady accumulation of field data (see Figure 25). The intended
upward spiral consists of the cycle of (1) monitoring of the present state of embankments and
analysis of their damage at the time of a disaster, (2) study, analysis and evaluation of inspection
results and causes of damage, (3) improvement of the design method and implementation of
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embankment reinforcing measures and (4) accumulation of know-how, human resources
development and inheritance of technical knowledge and skills. The main research themes of the

Embankment Research Group are listed below.

(1) Improved accuracy of the exact inspection technologies to detect seepage through
embankments; improvement of the technical method to narrow down weak sections.

(2) Examination of compaction control and other related engineering technologies while
considering the qualitative safety of embankments.

(3) Examination of the likely effects of different management conditions on embankment
degradation.

(4) Development of a system capable of formulating countermeasures through investigation
of the causes of damage.
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Figure 24: Action Framework to Improve Reliability of Levees
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4.3

Maintenance

43.1 The Netherlands: Aging Infrastructure
4.3.2 Japan: Strategic Maintenance

4.3.3 Japan: River Channel Maintenance in Consideration of Response to Excavation of
River Channel for River Improvement

434 UK: System Asset Management Plans and Creating Asset Management Capacity

4.3.5 UK: Water Course Maintenance — Conveyance and Dredging Trials Report
Findings

4.3.6 USA: National Strategic Infrastructure Framework

4.3.7 Netherlands: Room for the River Programme

4.3.1 Aging Infrastructure (The Netherlands)

In the Netherlands, decisions regarding the maintenance or improvement of flood defenses are
based on the results of the periodic 6-year evaluation of the actual status of flood defenses in
relation to the legal standards. Especially decisions on large-scale investments, like the
renovation of a storm surge barrier, require a long-term perspective on potential hydraulic
conditions and their potential probability. Important questions that may arise are:

when is renovation inevitable because of the technical lifetime of the construction or
because of functional conditions (e.g., sea level has become higher than the design
conditions)?

is renovation technically possible?
is building another, new construction (at another location) more appropriate?

how do you quantify future expenses and benefits, do we use a usual discount rate to
translate these values to present costs, or another smaller one that is more adapted to a
very long term horizon (>50 years)?

uncertainty in climate change complicates decision making in a sense that it is more
difficult to find a balance between over-expenditure by structures (as a consequence of
systematically choosing to be prepared at any time for the worst scenario) and under-
expenditure (with possibly disastrous consequences). Adaptive delta management tries to
tackle this problem by:

o embedding major, long-term interventions in the water system, in short-term
interventions in the field of land use planning, such as spatial reservation for future
dike improvement or flood storage. In this way part of the potential future
problems are dealt with by short time scale actions, postponing major interventions
until more confidence is gathered in the dynamics of climate change;

o working with multiple investment paths, making explicit and transparent when,
and under what conditions, decisions are necessary, which options remain open or
become unavailable at that time.

In the Netherlands Rijkswaterstaat is exploring this field, within the context of the Delta-
programme>’. Methods are elaborated regarding an adaptive way of planning and a method to
value flexibility (like "real options” method).

37 www.deltacommissaris.nl/english
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4.3.2 Strategic Maintenance (Japan)

In Japan, the central government manages an array of river structures, including embankments
stretching some 13,400 km and some 10,000 flood gates, sluice ways, sluice pipes, drainage
pump stations, weirs and others. The construction of these river structures accelerated in the
second half of the 1960s, reaching a peak in the second half of the 1980s. This means that nearly
40% of them have passed the age of 40 years when the renewal of the main equipment is required.
The ratio of such structures is expected to reach 60% in 10 years' time. It is estimated that the
average annual renewal cost in the next 10 years will be almost double the current annual budget
if the conventional management practices based on the design working life continue.

In the face of this daunting situation, increasing efforts have been made to introduce maintenance
practices based on the monitored state where the timing of repair and renewal is determined based
on the monitoring results for individual facilities, particularly in relation to the renewal of
mechanical equipment. Moreover, there has been a shift to breakdown maintenance where repair
or renewal is conducted after the breakdown or damage to equipment of which the breakdown or
damage does not have a deadly impact on the functions of the entire facility. In FY 2008, a
manual was prepared to explain this new maintenance approach for flood gates and pumping
equipment. Meanwhile, data is being gathered to establish a reliable method of evaluating the
actual level of deterioration.

With these measures, it is estimated that the increase of the average annual renewal cost in the
next 10 years will be reduced to some 30% above the present level.

River management also involves river patrols, embankment inspection and repair, weeding,
dredging of channels and tree cutting. Such non-structural river maintenance work is conducted
according to precedent or the experience of damage to river management facilities due to
flooding. The Plan-Do-Check-Act cycle has been adopted to systematically and efficiently
conduct river management. To be more precise, a scheme to formulate river maintenance plans
has been in place since FY 2007. Under this scheme, a plan covering a period of five years is
formulated for individual rivers managed by the central government. Any shortcomings
encountered in the process of river management based on the plan are fed back to improve the
plan. The technical standards for river maintenance will be further revised in the coming years
based on the results of trial river maintenance using the plan.

4.3.3 River Channel Maintenance in Consideration of Response to Excavation
of River Channel for River Improvement (Japan)

The excavation of a river channel is conducted to improve the discharge capacity of a river. This
work must, however, be followed by regular dredging of the sediment deposited over subsequent
years to secure the desirable cross-sectional area of the river. As the scale of this dredging work
can become quite daunting at river sections where the speed of sediment deposition is fast, the
examination of suitable measures to secure the said cross-sectional area at the earlier stage of
planning is preferable. There has been growing attention on specific cases in recent years. In such
cases, when a low water channel is widened where the river bed comprises sand and medium size
gravel while the river banks and high water channel comprise smaller fine sand and silt which are
hardly contained in the river bed, the high water channel is eventually reshaped by the deposition
of fine sediment to narrow the width of the low water channel to its original width in 10 years or
s0. This reshaping of the high water channel is caused by the deposition of fine sediment flowing
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down the river as the wash load at the time of the flooding at places of herbaceous plant
communities where the flow speed becomes very slow. Its mechanism is, therefore, quite
different from the well-known mechanism of river bed fluctuation caused by the bed load.

A new river bed variation model has been developed for the purpose of predicting the amount of
deposition, including the case mentioned above. This model combines the one-dimensional river
bed variation prediction model with a simple model for wash load deposition at a plant
community. Prediction of the amount of deposition based on this model can establish a desirable
river channel profile to minimize the amount of deposition and the additionally required cross-
sectional area to match the predicted amount of deposition. In addition to reducing the labor
required for maintenance work, the new model allows the examination of realistic measures to
maintain the discharge capacity of a river.
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4.3.4 System Asset Management Plans and Creating Asset Management
Capacity (United Kingdom)

The Environment Agency owns and/or manages a broad portfolio of infrastructure across England
and Wales to manage river and coastal flooding. These include individual assets (i.e., specific risk
management structures such as embankments, maintained river channels and flood walls) and/or
asset systems (combinations of assets used to manage risk in a particular area). It also manages
other assets related to the maintenance of navigation on major rivers and water resources. The
estimated replacement cost of these assets is in excess of £20 billion. They are critical to flood
risk management, waterways, navigation and water resources and it is essential that they are
managed in an effective and sustainable way.

The Environment Agency is planning to spend over £2.5 billion on its infrastructure assets over
the next five years and it is essential that this investment is efficiently managed and that these
assets are maintained in the appropriate condition. As part of its work to achieve this, the
Environment Agency is taking forward two initiatives, System Asset Management Plans and
Creating Asset Management Capacity.

System Asset Management Plans (SAMPS)

The System Asset Management Plans project is designed to improve the Environment Agency’s
ability to process data on its flood risk management systems and provide:

e agreater understanding of the inventory of flood risk management assets and the work
required to sustain those assets;

¢ information on the costs and benefits of maintenance, enabling the Environment Agency
to assess maintenance regimes to decide where to target resources;

e the ability to provide consistent strategic and operational reporting of asset management
information across all flood risk management systems and reporting on achievements in
managing risk;

e additional support for the development of future funding bids and the evidence to
demonstrate where asset replacement is best value;

e aforward investment profile highlighting where the Environment Agency should question
the sustainability of current practices;

e assessment of failing assets (including both Environment Agency and third party assets);
e aprioritized plan of management actions or study work to improve understanding of the
assets.

To do this the SAMP program has involved the collection of additional information on flood risk
management assets and the development of a new information technology system to hold these
data and facilitate its effective use. The SAMP system includes:

e descriptive information on flood risk management systems (including asset type,
condition, physical characteristics, the protection they provide, the strategic influences
affecting the system and future capital investment schemes that may affect the system);

e financial information on the system and any major assets within it to help determine the
most efficient investment regime for the assets within the system to sustain the standard of
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service over a whole life period of 100 years (this includes different levels of maintenance
and investment scenarios);

e management action plans;

e the benefits provided by the system (including estimates for residential and non-residential
property, agricultural production and designated nature conservation areas);

e supporting information (including historic flood history and strategic plans relevant to the
area in question, for example Shoreline Management Plans and Catchment Flood
Management Plans).

SAMPs were developed for all high consequence flood risk management systems by March 2010
and for all other systems (in excess of 3,100 systems across England and Wales in total) by March
2011.

Creating Asset Management Capacity

The Creating Asset Management Capability project will provide improved tools to manage that
investment effectively and efficiently. The project provides the essential supporting asset data and
information systems need to manage these assets. It will replace the National Flood and Coastal
Defence Database (NFCDD) currently used by the Environment Agency and responds to
recommendations made by the National Audit Office, Public Accounts Committee which
identified limitations in the Environment Agency’s current systems in 2006/7 and the Sir Michael
Pitt report on the floods in the summer of 2007.

As flood and coastal risk management assets age and environmental risks change, the challenges
of maintaining an old and potentially obsolete systems will increase and eventually the system
will fail. The Environment Agency would then be unable to report on flood risk, provide data to
model flood risk and maintain records of asset condition.

To help manage these assets, the Environment Agency is developing a comprehensive asset data
and information system supporting consistent business processes. The information system will
hold information about asset location, importance, ownership, age, condition and regular
maintenance requirements. This will enable the Environment Agency to focus investment on the
right assets at the right time.

The project is split into several phases. Each phase is discrete and sequential so avoids issues to
delivered phases should the decision be taken not to progress with further phases.

Phase 1 - Enabling (replacing NFCDD, restructuring asset data and improving data quality)
The first phase will deliver a new asset inventory, populated with accurate, restructured data to
meet current and future asset management needs. The new system will include an effective, map-
based graphical interface allowing the spatial management and manipulation of information. This
will offer significant efficiency over the current NFCDD system.

Phase 2 — Implementation and securing benefits

The benefits from implementing the new system under phase 2 of the project are believed to be
substantial and are expected to be in the range £8m to £12m per year. They are expected to be
delivered through:
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« Opportunities for cost reduction through organizational change.
o Increased ability to utilize field staff effectively.

¢ Reduced costs through improved resource utilization, work scheduling and data
availability.

e Increased efficiency in the allocation of maintenance funding.
o Reduced dependency on external resources.

Phase 3 — Further development and optimisation
This phase will build upon earlier work. Areas for consideration are:

o Optimization of field operations by automated transfer of data to/from sites.

o Use of real-time data from telemetry and onsite data collection to improve flood event
information.

4.3.5 Water Course Maintenance - Conveyance and Dredging Trials Report
Findings (United Kingdom)

The Environment Agency spends more than £20 million each year on removing silt and
vegetation from watercourses. This maintenance work is carried out by the Environment Agency
along with a number of organizations and individuals, including internal drainage boards, local
authorities, and landowners. The aim of this work is to reduce the risk of properties being flooded
and the impact on people.

Dredging is one of a number of activities classed as watercourse maintenance. Others include
weed control, blockage removal and de-silting. Maintenance can improve the flow capacity of the
river and reduce water levels as well as provide other potential benefits, such as land drainage,
controlling invasive species and maintaining navigations. The Environment Agency also seeks to
ensure that its work protects and, if possible, enhances the environment.

There are a number of steps taken to identify the need for dredging. This focuses on current and
future maintenance needs rather than just work that has always been done. Some people and
organizations have expressed concerns that not enough dredging and watercourse maintenance is
done to manage risk properly. The Environment Agency recently completed studies in response to
these concerns and to test the evidence used to develop the current approach to maintenance. The
studies aimed to:

e Confirm to what extent watercourse maintenance or dredging would reduce the likelihood
or severity of floods, focusing on six pilot study sites across England. Each site
represented a typical type of watercourse managed by the Environment Agency, and
demonstrated aspects of routine maintenance work.

e Develop guidance on river channel maintenance and the management of conveyance to
help Environment Agency staff assess the best approach to maintaining a river channel
and whether this is the best flood risk management option — technically, environmentally
and economically. The guidance is also designed to help staff as they involve the local

% Dredging pilot studies report, 2011, Environment Agency, United Kingdom.
(www.environment-agency.gov.uk/research/policy/31740.aspx)

56



http://www.environment-agency.gov.uk/research/policy/31740.aspx�

community in discussions about where and to what extent channel maintenance work is
carried out™®.

Work at the pilot sites showed that the maintenance work reduced flood risk locally. But in some
areas the maintenance work was not cost effective — the flood risk benefit of the work did not
justify the expenditure. The Environment Agency had to consider the whole catchment (that is,
the whole river system) including the purpose of any watercourses in the catchment. Each pilot
site was different and decisions have to be made on a case-by-case basis, using evidence and
engineering knowledge to make judgements. Working with local communities to discuss the
workand agree if it is the best flood risk management measure for them was beneficial.

4.3.6 National Strategic Infrastructure Framework (United States)

The US Army Corps of Engineers plans, constructs, operates, maintains and manages a
significant portion of the US’s water resources infrastructure. The agency’s entire portfolio has
approximately 1,600 projects across the US consisting of navigation (deep-draft port and harbor
channels, shallow-draft ports, inland and intracoastal waterways), flood risk management and
coastal storm damage reduction, and a wide range of multiple purpose projects. The estimated
capital stock value of this portfolio is approximately $230 billion. Its replacement value is in the
multiple hundreds of billions.

The portfolio includes large dams planned, built and operated for water supply, hydropower,
flood control, recreation, and various environmental purposes. In addition, the Corps also has
oversight and inspection responsibilities for hundreds of local flood damage reduction projects
(floodwalls, dams, levees) for which local governments agencies have assumed operation and
maintenance responsibility. This water-based capital stock is critical to the US economy. The
vast majority of this infrastructure was constructed in the early to mid twentieth century, and most
has reached its original design life. As each year passes, the combination of age, extensive use,
and natural effects of weather, wear and tear, and normal deterioration is taking a toll on
condition and reliability.

In 2004/2005, the Corps established an integrated, collaborative and national process for
condition assessment and risk-based asset management of the Corps’ portfolio, under the
authority and auspices of the President’s Executive Order No. 13327 (Federal Real Property Asset
Management). The effort is well underway in two of the Corps’ larger portfolios, inland
navigation structures and dams and levees (see Section 2.1.4). The foundation of the Corps’
Asset Management program has been to inventory the portfolio, investigate the condition of the
assets, determine where the risk of failure is most prominent, evaluate the consequences of
failure, establish a relative risk index to support portfolio life-cycle investment decisions, and
match that risk to the structure’s value to the nation before supporting portfolio life-cycle
investment decisions. National geo-spatial inventories and assessments of Corps dams and levees
throughout the United States have been created and are being actively utilized to manage risk
management activities within the dam and levee portfolio. These inventories are now being
integrated and blended with similar portfolios for inland navigation, hydro-electric power, water
supply, and recreation to facilitate the application of risk-informed performance and condition
metrics across the full balance of the Corps Civil Works portfolio. The Civil Works” Watershed
Investment Decision Tool (see Section 4.7.1) is integral to the risk-informed investment decision
manifesting from this approach.

% River channel maintenance: a guide to how we manage conveyance, 2011. Environment Agency, United Kingdom.
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Even with the diligent and aggressive process underway to apply risk-informed Asset
Management across the portfolio, the capital stock value of the portfolio is continuing to decline.
With that ominous fact in mind, the Assistant Secretary of the Army for Civil Works has directed
the Corps to initiate a comprehensive assessment of the potential for recapitalization of the Corps’
portfolio across all business lines. The combination of the Asset Management and
Recapitalization initiatives into one unified program is underway towards establishing a National
Strategic Infrastructure Framework across the Corps’ Civil Works mission. The urgency of the
combined effort cannot be understated. Failure of just one of the Corps key flood risk
management systems or components within the U.S. would have a devastating impact for a given
region and the nation, as sadly demonstrated when over one thousand lives were lost and
economic losses totaled in the billions of dollars when Hurricanes Katrina and Rita struck New
Orleans and the U.S. Gulf Coast in August and September 2005. Even planned short term events,
such as scheduled shutdowns for “major maintenance,” can cause disruptions to economic activity
in the tens to hundreds of millions of dollars for 2-6 month closures. The effective life-cycle
management and recapitalization of the nation’s aging water resources infrastructure is of critical
importance to the economy, security and national well-being of the United States.

4.3.7 ‘Room for the River’ Programme (The Netherlands)

During the last centuries the area available for Dutch rivers has decreased continuously. Since
about 200 years ago, dikes control river flows. At the same time, sedimentation is confined to the
areas between the dikes, making the river gradually rise compared to the adjacent, subsiding
polders. These developments are accompanied by increased population in the polders. Flooding
under current conditions would put the safety of 4 million people at risk. And climate change may
increase this risk, due to rising sea level and peak discharges.

Breaking the Trend
In 1993 and 1995 river floods threatened the polders along the rivers Rhine and Meuse and a
quarter of a million people had to be evacuated. The Dutch government, in agreement with other
countries in the Rhine Basin, decided to break the trend of ever increasing the dikes. Instead,
measures were developed to increase the discharge capacity of the river, resulting in lower
extreme flood levels. The so-called “Room for the River” plan“® has three objectives:
- by 2015 the branches of the Rhine will cope with a design discharge capacity of 16,000
m?*/s without flooding;
- the measures implemented to increase safety will also improve the overall environmental
quality of the river region;
- the extra room the rivers will need in the coming decades to cope with higher discharges
due to the forecast climate changes, will remain permanently available.

A range of measures is being implemented to create more room for the river and reduce high
water levels, such as lowering the floodplains, relocating dikes further inland, lowering groynes in
the rivers and deepening the summer beds (see Figure 27 below). In 2007 the Dutch government
approved the plan, and execution started.

40 http://www.ruimtevoorderivier.nl/meta-navigatie/english
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How will the river be given more room?

Lowering of floodplains

‘il

Lowering (excavating) an area of the flood-
plain increases the room for the river at high
water levels.

Deepening summer bed

The river bed is deepened by excavating the
surface layer of the river bed. The deepened
river bed provides more room for the river.

Water storage

:

The Volkerak-Zoommeer lake provides for
temporary water storage when exceptional
conditions result in the combination of a
closed storm surge barrier and high river

discharges to the sea.
Dike relocation
&v
Relocating a dike land inwards increases the

width of the floodplains and provides more
room for the river.

Lowering groynes

-y

Groynes stabilise the location of the river
and ensure that the river remains at the
correct depth.

However, at high water levels groynes can
form an obstruction to the flow of water in
the river. Lowering groynes increases the
flow rate of the water in the river.

High-water channel

A high-water channel is a diked area that
branches off from the main river to discharge
some of the water via a separate route.
Depoldering
‘r

The dike on the river side of a polder
is relocated land inwards. The polder is

depoldered and water can flood the area
at high water levels.

Strengthening dikes

Removing obstacles

-

Remaoving or modifying obstacles in the
river bed where possible, or modifying
them, increases the flow rate of

the water in the river.

Dikes are strengthened in areas in which
creating more room for the river is not
an option.

Figure 27: Overview measures how the river will be given more room

Cooperation Among Authorities

Various authorities at local, regional and national levels cooperate to carry out the Room for the
River Programme. The Netherlands Ministry of Infrastructure and the Environment has overall
responsibility for the Programme. The provinces, water boards and municipalities in the river
region and Rijkswaterstaat (Directorate-General for Public Works and Water Management)
elaborate the plans and implement the projects, since they are familiar with the exact situation in
the region and can adjust the project to regional circumstances. The Programme Directorate
Room for the River (PDR) is responsible for the implementation of the programme and acts as the
link between the central government and the region. The Programme Directorate verifies that the
plans are compatible with the Room for the River policy, monitors the cohesion between the
measures being taken, facilitates the process, and promotes exchanges of expertise and experience
among the 39 projects (see Table 3 below).

Table 3: Facts and Figures — Room for the River Programme

Budget € 3,2 billion
Planning 2007 - 2015
Maximum discharge capacity of the River Rhine

- current 15,000 m*/s
- on completion 16,000 m*/s
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Figure 28: Overview of the 39 locations covered by the ‘Room for the River’ Programme

Specific measures being taken under this program are described in the “Room for the River”
brochure on the website*".

4.4 Preparedness

44.1 Japan: Detection of “Guerrilla Downpours” by X-Band MP Radar
4.4.2 Japan: Provision of River Information

443 UK: The Flood Forecasting Centre

4.4.4 UK: Exercise Watermark

445 USA: Exercise, Preparedness and Response

4.4.1 Detection of “Guerrilla Downpours” by X-Band MP Radar (Japan)

Recent years have frequently seen the damaging flooding of small and medium rivers in urban
areas due to localized heavy rain or extremely intensified rain (so-called “Guerrilla downpour”).
Such downpours bring much rain over a small area in a very short period of time, rapidly raising
the river level in a matter of several minutes and causing flood damage and/or water accidents. To
alleviate the damage caused by them, the detection of approaching downpours as quickly and as
accurately as possible and the provision of real-time information are essential.

The River Bureau (now Water and Disaster Management Bureau) of the Ministry of Land,
Infrastructure, Transport and Tourism installed 11 X-band MP radars in three metropolitan areas
by March 2010 and has commenced experimental operation to ensure proper river management,
including the operation of flood control facilities, and the adequate implementation of flood
fighting and other activities designed to avoid or alleviate flood damage. These radars are capable

4 http://www.ruimtevoorderivier.nl/meta-navigatie/english
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of observing rainfall with a minimum observation unit of a 250 m mesh (compared to the 1 km
mesh of the conventional C-band radars) and an observation interval of one minute (compared to
five minutes of the conventional C-band radars), spatio-temporally an 80 times denser

[Sample of C-band radar] [Sample of X-band radar)
(observation: every 5min. (observation: every 1min. with
250m square mesh)
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The C- band radar with 50m wavelength, is suited to wide area observation
whereas the X-band radar with 3cm wave length, is suited to the observation of
local heavy rainfall in real time.

Figure 29: Rainfall distribution observed by X-Band MP Radar*

observation. It is now possible to make detailed and real-time observation of localized and short
bursts of rain which could not be detected by conventional C-band radars. It is hoped that the new
radars will improve the accuracy of predicting rising river levels and flood risk due to guerrilla
downpours.

Since 5July 2010, rainfall observation data (web images) are being distributed to the general
public on the Internet to assist evacuation and disaster prevention activities at the time of heavy
rain (http://www.river/go.jp/xbandradar/).

4.4.2 Provision of River Information (Japan)

Recent years have seen an increased frequency of downpours with hourly rainfall that exceeds 50-
100 mm. One example is the downpour which hit Kobe City in July 2008. 24 mm of rain fell in
10 minutes and the resulting rise of the river level at a rate of 134 cm in 10 minutes claimed the
lives of five people. The repeated occurrence of flood damage and water accidents during
evacuation activities due to localized heavy rain or extremely intensified rain has made the
reinforcement of measures against them an urgent task.

The importance of soft (non-physical) measures, such as the reliable operation of flood gates and
other facilities, accurate flood forecasting and assistance for swift evacuation through the issue of
evacuation instructions, has been growing to protect the lives and assets of people from the

“2 http://www.mlit.go.jp/river/basic_info/english/pdf/guigelines_eng.pdf (p. 43)
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damage. The real-time observation and provision of rainfall, river level and other river
information is required to meet these challenges.

The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) gathers telemetric data on
rainfall (radar detected rainfall and ground rainfall), river level and discharge and water inflow
and discharge volumes at dams, all of which are observed nationwide, processes and edits such

Rainfall measurement Radar observation

station station
Rainfall B
. it

information provision via . .
cellular phone or personal Delivery of an image to a

computer TV screen
l—%_ S

e

- - Flood pwater lkevel)
River office prediction system

|E' ARG T e s .IT—IE.T:', =

T [ t——— -

Floodwater prediction through real-time
simulation

Figure 30: River Information Provision*

data to produce tables, graphs, maps and charts for easy comprehension and releases these
products to the general public through the Internet and mobile phone networks. Using this system,
river administrators, municipal officials and residents can access real-time river information 24
hours a day, 365 days a year. The river information can be accessed on the MLIT's website called
"Information Page for River Disaster Prevention™ (http://www.river.go.jp/).

4.4.3 The Flood Forecasting Centre (United Kingdom)

The Flood Forecasting Centre was created in response to the 2007 floods in England and Wales.
Its aim is to help tackle the increased risks of flooding brought about through climate change by
better forecasting and communicating the likelihood and probability of flood risk from all natural
sources. It brings together staff from both the Environment Agency and the Met Office and aims
to be a centre of expertise for hydrometeorology by combining operations, development,
customer engagement, training and learning in one Centre. Launched on 1 April 2009, the Centre
operates 24/7 with a small team of 24 staff, based at the Met Office Headquarters in Exeter in the
south west of England.

The Centre provides a number of operational products and services, including:

e daily flood guidance statements for England and Wales which provide a 5-day forward
look of developing situations to governments, local authorities and emergency services;

43 http://www.mlit.go.jp/river/basic_info/english/pdf/guigelines_eng.pdf (p.42).
62



http://www.river.go.jp/�
http://www.mlit.go.jp/river/basic_info/english/pdf/guigelines_eng.pdf�

e primary alerts for heavy and extreme rainfall and for coastal water levels which are used
to inform further warnings, including public;

e operating the national hydrological flood model which forecasts flows across the whole
country and all river catchments; and

e communicating increasing flood risk; it also works with the wider forecasting units in both
parent organizations (i.e., national weather warning service and local flood forecasting and
warning services across the country.)

The Centre uses a number of different approaches to distributing these products, with an
increasing use of telephone conferencing and web-based displays supplementing traditional email
and text alerts.

The Centre also has an ongoing program of projects to improve its forecasting capability and
enable new scientific techniques to be pulled through into an operational service and to improve
the communication of flood risk. These include:

¢ developing the first operational national hydrological flood model;
e improving visualisation and access to real time rainguage information;
e improving the use of high resolution and ensemble weather and flood models;

e integrating guidance and alerts messages to reduce duplication and confusion in multiple
messages;

e increasing the use of proactive briefings for government bodies with less reliance on paper
based products;

e integrating services on web based applications;

e making information available to the wider public to improve early notification.

Other activities carried out by the Centre include the provision of training and learning (both
formal and “on the job”) in hydrometeorology to improve the skills of forecasters. The Centre
also works closely with local authorities, emergency services and other customers to support their
preparations ahead of flooding. This work includes providing support to training exercises, input
to planning activities, providing improved technical understanding and working across wider
issues for the Centre’s parent organizations (e.g. managing droughts and other hazards).

4.4.4 Exercise Watermark (United Kingdom)

Exercise Watermark was a major flood response exercise lead by the UK Department for the
Environment Food and Rural Affairs (Defra) that took place from 4-11 March 2011. It involved
organizations from central government to local responders. Its aim was to be a wide ranging and
publicly engaging exercise that tested the incident management arrangements across England and
Wales to respond to all aspects of severe, wide-area flooding. The need for an exercise of this
type was identified in the Pitt Review of the summer 2007 floods.

Managed by the Defra, supported by the Welsh Government and delivered through the
Environment Agency, the exercise involved departments and agencies right across government
and local resilience forums (LRFs) throughout England and Wales. The exercise successfully
tested the whole range of flood response capability through from command and control, rescue
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and evacuation capability, multi-agency cooperation and mutual aid. The flexible design
architecture of Exercise Watermark also encouraged other LRFs to test their flood preparedness,
including tactical response level at Sutton on Sea in Lincolnshire and Gwyniad at Bala Lake,
Wales.

The exercise also included a wide range of community events and activities, with a significant
level of support from the National Flood Forum. Individuals and community groups used the
Exercise Watermark scenario and tools to produce, build and practice their flood response
capability and readiness. This level of local self help and preparedness is vital in the face of flood
risk.

The initial findings of the review of the exercise suggest that the targets for the exercise set out by
Sir Michael Pitt and the many Pitt Review recommendations for improved flood preparedness
have been successfully met across England and Wales. However, a number of lessons were
identified in the following key areas:

e Communications, including the development, management and exchange of information
and the effective use of information

e Liaison within the Environment Agency and with our external partners in incident
management

e Incident management procedures and plans and the provision and analysis of information
e Resources, including manpower and equipment

e Operational responses

e Media and public relations management

o Staff welfare and training.

A conference occurred in July 2011 to share and discuss the lessons from the exercise and the
Environment Agency is aiming to issue a final report on the exercise in September 2011.

4.4.5 Exercise, Preparedness and Response (United States)

As part of the National Flood Risk Management Program, the U.S. Army Corps of Engineers,
under the authority of Public Law (PL) 84-99, is authorized to undertake activities including
disaster preparedness, advance measures, emergency operations (flood response and post-flood
response), rehabilitation of flood control works threatened or destroyed by flood, and protection
or repair of federally authorized shore protective works threatened or damaged by coastal storms.
Under the law, it conducts an aggressive exercise, preparedness and response program. This
program which is carried out throughout the United States provides for collaboration with federal,
state, local and tribal partners at the regional, watershed, and state levels. While the authority of
PL 84-99 provides for supplementing the state and local governments during actual disasters, the
Corps’ authority permits the flexibility to conduct exercises and workshops with state and local
governments as well as tribal partners in order to better understand potential flood scenarios and
enhance inter-governmental preparedness and response capabilities. These exercises and
workshops further the importance of state participation in planning efforts to improve
collaborative risk management planning processes. The resultant outcomes strengthen the trust
between federal, state and tribal partners while raising expectations for interagency success in
future responses on both a regional and national basis.
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The Corps has developed a comprehensive data acquisition and hydrologic modeling system for
real time decision support of water control operations. This system, known as the “Corps Water
Management System”, or CWMS, is currently being implemented at Corps offices throughout the
United States. CWMS supports the informational needs for Corps water control decisions in its
operations of over 700 reservoir and lock-and-dam projects. CWMS retrieves precipitation, river
stage, gate settings and other data from field sensors, and validates, transforms and stores those
measurements in a database. The measurements are used for calibration and adjustment of
hydrologic and hydraulic models to reflect current conditions. The gauged precipitation,
combined with Quantitative Precipitation Forecasts or other future precipitation scenarios, are
used by the HEC-HMS hydrology model to forecast possible future river flows into and
downstream of reservoirs. The reservoir operations model, HEC-ResSim, uses these flow
scenarios to provide operational decision information for the engineer. The river hydraulics
program, HEC-RAS, computes river stages and water surface profiles for these scenarios. An
inundation boundary and depth map of water in the flood plain can be calculated from the HEC-
RAS results using Arcinfo, and viewed with CorpsView, a geo-spatial data viewer based on
ArcView. The economic impacts of the different flows are computed by HEC-FIA. This
sequence of modeling software allows engineers to evaluate operational decisions for reservoirs
and other control structures, and view and compare hydraulic and economic impacts for various
“what if?” scenarios.

From an interagency perspective, the Corps initiated a “Silver Jackets” program**. The intent of
the program is to bring state, federal, and sometimes local and Tribal agencies together to manage
a state’s flood risk throughout the lifecycle. The program has grown from a single Silver Jackets
team in 2005 to approximately 20 active teams in 2011. The Silver Jackets program* will address
those preparedness and planning activities that then transition into response and recovery efforts.
Teams also help assure that the impacted watershed is more resilient to future flooding by
implementing pre-planned mitigation strategies/measures when funding is made available for
recovery. State Silver Jackets teams can also be brought together in a Regional team framework
to address common challenges and watershed level objectives. This has been demonstrated as a
successful strategy following the 2008 flood events in the upper Mississippi River watershed. The
Silver Jackets program contributes to flood risk management by: 1) integrating flood damage and
flood hazard reduction programs across local, state and federal agencies, 2) improving public
awareness and comprehension of flood hazards and risk, and 3) providing current and accurate
floodplain information to the public and decision makers. Further, through a corrective action
process, the Corps is able to make changes to policy and doctrine that will assist decision makers
in approaches to future flood fight activities and other response operations to reduce the threat to
life and property.

4.5 Response and Recovery

45.1 Japan: TEC-FORCE (Technical Emergency Control Force for Disaster
Assistance)

45.2 Japan: Flood Fighting Teams and Flood Fighting (Suibo) Act

45.3 Japan: Post-Disaster Restoration Schemes

45.4 USA: Improving Capability to Recover from Disasters

* During emergency operations, participants frequently wear colored jackets indicating their organization. Silver
jackets represents the concept of bringing all of the participants together under one color for one purpose.
*® http://www.nfrmp.us/state/index.cfm
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4.5.1 TEC-FORCE (Technical Emergency Control Force for Disaster Assistance)
(Japan)

In Japan, local public bodies have the primary responsibility for disaster prevention. However,
when a large-scale disaster occurs, it is difficult for local public bodies alone to organize an
adequate response because of their insufficient experience and resources, including experts and
equipment. This situation makes it necessary for the central government to order the precise
dispatch and deployment of highly capable equipment and experts of regional development
bureaus (of the Ministry of Land, Infrastructure, Transport and Tourism: MLIT) and/or other
bodies. In fact, the MLIT is in charge of the overall command and adjustment of these resources.

Emergency assistance of the central government has been conventionally organized to respond to
each occasion but it has been felt that a suitable system should be permanently in place to ensure
smooth and swift assistance. For this reason, the TEC-FORCE was created within the MLIT in
May, 2008. Its principal task is to establish a system capable of smoothly and swiftly providing
technical assistance for local public bodies for the purpose of the quick establishment of an
accurate picture of the damage caused by a large-scale natural disaster and the facilitation of the
speedy restoration of disaster-hit areas.

National government employees are assigned to the TEC-FORCE in advance as part of a system
designed to achieve the swift dispatch of personnel and equipment. Members regularly undergo
simulations and training sessions in peace time to improve their skills. The main activities of the
TEC-FORCE are listed below.

e Swift assessment of the disaster damage situation
e Speedy restoration of social infrastructure facilities
- Quick initial response
- Highly focused response by a team of experts
- Upgrading and strengthening of technical guidance on restoration measures
e Prevention of secondary disasters
- Highly sophisticated technical guidance for disaster-hit areas
- Emergency measures (planning and execution)
- Disaster risk prediction (judgement on the necessity for evacuation)
e Other emergency measures to deal with disasters
- Coordination of emergency transportation operation
As of 1 April 2010, the TEC-FORCE has 2,605 members nominated by the MLIT headquarters,

regional development bureaus, district transport bureaus and the National Institute for Land and
Infrastructure Management (NILIM).

The TEC-FORCE provided assistance totalling 17,980 man-days for disaster-hit area by the Great
East Japan Earthquake since the occurrence of the disaster on 11 March (as of 18 July 2011).
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17,980 man-days of support, ODispatch of MLLIT’s cars for