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Levees, Embankments, Dikes: Finding common ground between the flood risk management cultures of the USA, ENGLAND and the Netherlands
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Abstract: Flood risk management follows the same basic principles everywhere: managing the sources, pathways and receptors of flood risk to influence the probability or consequences of flooding to people, property and the environment. But application of these basic principles can vary widely. In the Netherlands flood risk management historically focuses on flood defence management within a strict legal framework, with much emphasis on data availability and calculation methods. In England the emphasis is on optimising the use of limited funds, focusing on fully risk-based methods to determine costs and benefits, both for schemes and for operations & maintenance, and balancing safety against flooding with other functions. Prior to the devastating events of Katrina and Rita in 2005, the focus in the USA was mainly on evacuation plans, combined with flood risk mapping for insurance purposes and levee certification. At first glance, some of the differences can be surprising: why doesn’t everyone have proper asset data, as we do in the Netherlands? Why doesn’t everyone take account of flood risk in development planning, as we do in England? How can there be no specific evacuation plans, as we have in the USA? Indeed, such things would improve flood risk management in all countries, and each country is developing them in their own way; it is just that history and culture have led to a different way to get there, with a different balance. The paper does not aim to point out weaknesses, only to identify lessons learned and to look forward. 
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1. introduction
Flood risk management follows the same basic principles everywhere: managing the sources, pathways and receptors of flood risk to influence the probability or consequences of flooding to people, property and the environment. But application of these basic principles can vary widely. Based on the authors’ in-depth practical knowledge of flood risk management in the three countries, the paper looks for common ground, aiming to identify the disciplines where we can learn from each other. Experience tells us that there is a lot to be learned, but it also tells us that simply importing knowledge does not work. It helps to know why arrangements are different from one country to another; this is often deeply grounded in history and culture, with particular flood events playing an important role. 

The paper identifies some of the essential differences, looking at aspects such as the nature of flood risk, historical background, legal framework, roles and responsibilities, level of funding, design criteria, asset management and the public perception of flood risk. The differences are illustrated with recent projects in the three countries. Based on an overall analysis of the differences, the strengths and weaknesses are considered and lessons learned are defined to further improve flood risk management in these countries.
2. Comparison

2.1 The nature of flood risk and its management
The Netherlands as a country depends on flood defences for its existence. About ¼ of the country is below sea level, and about 2/3 is at risk of flooding from the large rivers or from the sea. The area at risk includes the most populated and developed areas, including the main cities and the national airport. There is an extensive system of flood defences: about 4,000 km of primary defences that defend so-called dikerings. Within the low-lying dikerings there is an internal drainage system with about 14,000 km of ‘regional’ defences. As a result of the strong defence system and the country’s reliance on it, the probability of flooding from the sea or rivers is very small (the last event was in 1953), but the consequences to people and property could be enormous. Within the dikerings, local rainfall does cause flooding every few years, but with limited and mainly economic consequences.
In England the nature of flood risk is much less uniform: it varies strongly as a function of its geography, and is concentrated in certain low areas along the coast and in cities right next to the rivers. This includes much of London’s city centre. There are approximately 24,000 km of coastal and fluvial flood defences, and in addition, flood warning and development control are important elements of flood risk management. Events at a regional scale happen every few years; they can be extremely disruptive and cause several casualties. At a local scale, flooding from rivers and overtopping of sea defences happens somewhere in the country at least a few times per year, typically causing local scale economic damages. Current average annual flood damage is estimated at approximately £1 billion (Foresight, 2004).
In the USA, as in England, there are different types of flood risk throughout the country, ranging from lowland pumped drainage systems to large rivers with wide floodplains and the coastal areas at risk from hurricanes and rainfall. The US Army Corps of Engineers has constructed over 10,500 miles of levees/floodwalls to protect against flooding from coastal and river flooding. Because of the enormous impact, the nation’s focus of flood risk has been on the Gulf Coast in general and New Orleans in particular after the flooding during Hurricanes Katrina and Rita in 2005. This flood disaster was also a wake-up call for other low-lying areas (e.g. California) to investigate their flood risk more thoroughly. Extreme rainfall events along the coast due to tropical depressions are also a major cause of flooding in the USA, but these events have a much smaller scale and consequences in general. The total flood damage in the ten years between 1991 and 2000 was about $45 billion.
2.2 Legal arrangements
In the Netherlands, the Flood Defence Act defines the location and safety standard of the primary flood defences. The Act also sets out responsibilities and procedures for asset management, scheme development and funding. The asset managers (Waterboards and regional departments of national agency Rijkswaterstaat) are legally responsible for the defences meeting the standards, and they have to demonstrate this every five years through a safety assessment that is reported to parliament. While these basic elements are prescribed, it is largely the asset managers’ own responsibility to determine how they ensure the required defence performance. The Provinces have a supervisory role. The Minister of Transport and Water Management is the ‘superior supervisor’, and in addition is responsible for the provision of guidance, hydraulic boundary conditions and flood forecasting. In principle, the asset management organisations fund operation and maintenance of the defences through their own tax raising powers; however, the Ministry funds any improvement works required as a result of changes to safety standard, hydraulic boundary conditions or assessment rules. There are similar arrangements for the regional defences, but at provincial instead of national level. The total annual budget for flood risk management, covering maintenance and capital works, is approximately € 500 million.
In England, the legal framework consists of a set of three acts: Water Resources Act 1991, Environment Act 1995 and Land Drainage Act 1991. These acts describe the roles and responsibilities of the ‘Operating Authorities’ and form the basis for their operational, supervisory, regulatory and executive powers. For flood risk management the operating authorities are primarily the Environment Agency for all main rivers, the Internal Drainage Boards for their respective internal drainage districts and local authorities for non-main rivers. The Environment Agency has a supervisory role for all flood defences, carries out flood forecasting and also has an important advisory role to ensure that Local Authorities’ development plans take appropriate account of flood risk. The actual management of flood defences is carried out at the level of 26 Areas in England and Wales. The legal framework only provides ‘permissive powers’: the Operating Authorities are not legally responsible to provide flood protection; in practice, their role is to do what they can with the budget they get as effectively as possible. This is also reflected in funding mechanisms: most of the funding for flood risk management comes from national government, which sets annual budgets both for operation & maintenance and for capital works. The specific allocation is aimed at making optimum use of the budget, using criteria for cost / benefit, protection of households, protection of deprived areas and improvement of habitats. The annual budget for flood risk management is approximately £600 million, increasing to £800 million up to 2010.
In the USA, the National Flood Insurance Program/Act sets the minimum standard for flood protection and helps to reduce risk of economic losses. Levee systems are certified according to the Code of Federal Regulations (CFR), which is accredited by the Federal Emergency Management Agency (FEMA). The US Army Corps of Engineers (USACE) is one of the main organisations that carry out certification. USACE also have the main role in designing and building defences against exterior flooding and they have an overall advisory role. Defences can be managed by USACE or by local boards which are directly linked to the local authorities (cities, counties or state). Funding of improvement works is shared between federal budgets (typically 65%) and local budgets (typically 35%). USACE have an annual budget of about $280 million for flood control, but this does not include ongoing works to improve the Hurricane Protection System (about $15 billion till 2011), or the contribution of other authorities.
2.3 Role of insurance

In the Netherlands, it is not possible to insure against the risk of flooding. This is a consequence of the 1953 coastal flooding disaster: the potential consequences would simply be too large for any insurer to bear. In practice the Government helps out after flood events, but there is no formal arrangement. There is an ongoing debate among politicians, insurers and flood risk management experts to identify a practical role for insurance in the Dutch situation, for example through the joint provision of a ‘flooding reserve’ by government and insurers which could cover damages up to a certain level.
In England private insurers provide flooding insurance as a standard feature for households with a probability of flooding smaller than 1/75 per year. Obviously, given this arrangement the insurers are very eager for the Government to provide and improve flood protection. The Association of British Insurers (ABI) work together with the Environment Agency and use their flood maps, but the ABI are also one of the most vocal lobbyists for improvement of flood risk management and increased funding.
In the USA insurance is a dominant factor in flood risk management. The insurance is underwritten and subsidized by the Federal Government via the National Flood Insurance Program (NFIP). Flood insurance is available through different insurance companies. The federal government, however, bears the risk of this insurance through the NFIP. The insurance is based on the Flood Insurance Rate Maps with a focus on the 1:100 (1%) per year flood outline. The issue of insurability has an important impact on scheme development, asset management and also on development planning and even house building regulations.
2.4 How to manage the risk

Historically, the emphasis in the Netherlands has always strongly been on structural measures to reduce the probability of flooding. The system of dikerings has been developed over the centuries to reclaim land and then to improve its protection. But the structural measures to reduce risk haven’t stopped at building defences: other typical measures include extensive reconstruction of the river system in the 19th century and closing off of estuaries and inlets in the early and late 20th century. Non-structural flood risk management is historically less well developed in the Netherlands because the defences reduce the probability almost to zero, so there is no political drive. However, there a rising awareness that the potentially enormous consequences lead to levels of flood risk that could still be significant. Due to increased public and political interest after Katrina and because of climate change, several Commissions have been and are working on a national strategy for more integrated flood risk management into the future. Whatever they come up with, defences will always play a major role.

Flood risk management in England aims to use the most effective combination of structural and non-structural measures within a given budget. Especially since the extensive Easter 1998 floods, the Environment Agency have been very explicit in their approach and their communications that flood risk management includes not only defences but also flood warning, public resilience and spatial planning. All flood risk management activities are part of a hierarchy of plans. This starts at the highest level with Catchment flood management plans (CFMPs) and Shoreline management plans (SMPs), of which there are about 150 in the whole country. These aim to determine the long-term (100 year) policy that provides the best balance of all interests. These plans roughly determine where the defences should be and whether or not they need to be improved. All more detailed plans (strategies, schemes, but also maintenance and flood warning) have to comply with these high-level plans in order to be eligible for Government funding. The Local Authorities are responsible for development planning; they are required to take explicit account of flood risk and avoid development in the floodzone. However, there can be situations in which other pressures prevail, so there is a possibility for exceptions, but these need thorough justification and can only go ahead if the developments are protected adequately and if any increase to risk elsewhere is mitigated.
Especially in the coastal areas at risk of hurricane events, there has always been a strong emphasis on evacuation in the United States. This plays a part in the justification of the relatively low standards of protection for cities like New Orleans. Due to funding constraints and issues of equality, the standard of protection of flood defences is generally limited to 1:100 (1%) per year; any additional flood risk management that society requires has to come from other elements. Insurability can be a driver to move development out of the floodplain (rather than government intervention). Insurability also drives resilience at property level: houses cannot be insured if they are built below a certain elevation (eg 1:100 per year water level + 1 wave height).
2.5 Events driving developments
In the Netherlands, the first records of flood events leading to action date back to the 12th Century, when a series of disastrous floods led to the construction of defences and to the establishment of the first Waterboards. Progress has not always been obvious though: for the 13th century, there are accounts of over 150,000 casualties on a total population of about half a million. The next obvious example concerns the reconstruction of the river system in the 19th Century, following decades of practically annual large scale flooding due to siltation, ice dams and weak defences. In 1916, a tidal flood event triggered the execution of the plans for land reclamation in the former inland sea Zuiderzee; these plans had been in place since the late 19th century and were actually strongly based on agricultural benefits, but the event with 11 casualties produced the required political will. The primary example of a flood event triggering developments is the 1953 disaster which killed over 1800 people in the Netherlands; many aspects of the current Dutch system can be traced directly to the work of the Delta Commission in response to that event. These days, events don’t have to happen locally to drive changes: Katrina is having a big impact on current developments, and it could be argued that the high profile 50 year remembrance of the 1953 event played a role in the start of the Weak Links project for improvement of coastal defences. 
In England the same 1953 event caused disastrous flooding along the East coast and killed over 300 people. It led to the Thames defences including Thames Barrier and to the establishment of the Storm Tide Warning Service. The event of Easter 1998 shifted the emphasis with the Operating authorities and politicians from the problem of drought to flooding and was the starting point for the wider focus on flood risk management instead of just on defence. The role of (automated) flood warning was also strongly increased following this event. The two widespread flood events of the Summer of 2007 have directly led to increased funding, but there are clear signals that they will also cause a shift in focus, with increased attention for urban flooding and for the risk to critical infrastructure.
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In the USA the Mississippi River Flood in 1927 started massive protection works along Mississippi River. This disaster flooded about 70,000 km2 and killed 246 people in seven states. The Flood Control Act of 1928 was the basis for the levee improvements along the Mississippi. In addition to raising the levees, several diversions were built to divert excessive flow from the Mississippi. The hurricanes in 1947 and 1956 served as a starting point for hurricane protection, and this process was expedited after hurricane Betsy in 1965. Hurricanes Katrina and Rita in 2005 are having and will have an impact on flood risk management in many ways: for example, they triggered coastal protection for the entire Gulf Coast, and have increased the emphasis on defence resiliency, aiming to prevent catastrophic breach of defences to reduce risk to life.
Iconic images of major flood events in Netherlands, England and USA

2.6 Dealing with future changes

Within the existing, flood defence focused approach in the Netherlands, there are various provisions to deal with future changes. Flood defences are typically designed for a 50- or 100-year lifespan and any predicted increase in loading has always been taken into account. In addition, the Flood Defence Act contains a provision to review the appropriateness of the legal safety standards with a ten year cycle. However, rising awareness of climate change is now leading to a perceived need to look wider and review whether the current defence focused system is sustainable, or whether a paradigm shift is needed. This is of course a very complicated question in a country that is so dependent on its flood risk management. The current position of the Government is that the Netherlands are ‘here to stay’ and that currently forecast sea level rise can be handled with technical means. Indeed, a water level increase of 60 cm over 100 years is in the same range as the ongoing soil settlement that needs to be incorporated, and for a typical ten meter high coastal embankment, the impact is relatively minor. However, it is clear that the predictions of climate change are uncertain and that even current forecasts may approach the limits of the extensive system of pumped drainage. Government has established a second Delta Commission (after the one that developed the response to the 1953 event) to develop a strategy for dealing with climate change on the long term (2100 – 2200), to be reported in Spring 2008.
In the UK the Government has initiated studies such as Foresight Future Flooding (Office of Science and Technology, 2004) and the Stern Review on the Economics of Climate Change (HM Treasury, 2006) to provide the information to enable flood risk management to deal with future changes. The practical vehicle for taking into account increased river flows and coastal loading consists of the Catchment Flood Management Plans and Shoreline Management Plans as discussed in earlier sections. These high level plans take into account expected hydrological and hydraulic changes, including sensitivity testing to take account of uncertainty. The Plans are developed with a hundred year horizon, but they are reviewed every five to ten years to incorporate new knowledge. Generally speaking there is increasing pressure to move development away from the floodzone (both fluvial and tidal), but at the same time there are increasing pressures on the use of land behind the defences. An example of this is Thames Estuary with ongoing large scale development behind the defences to accommodate the growth of London. Another example is the debate that is currently starting about high quality agricultural land: this is often a typical candidate for managed realignment to improve habitats as it is right behind the defences, but change to climate and world economics may well strongly increase its value in the future.

As elsewhere, best estimates of future changes are of course taken into account in design. Specifically for New Orleans, it is important to note that the land is sinking at a considerable rate, which requires ‘lifts’ of the defence crests every 15 years or so. As a result, defences are designed to accommodate future raising anyway. On a more strategic level, the states and USACE are working together on state-wide studies such as the Louisiana Coastal Protection and Restoration study that aim to develop an integrated strategy for water resources, hurricane and flood protection and coastal restoration. 
2.7 Structural flood risk management
In the Netherlands, the Flood Defences Act defines both the location and the safety standard of the primary flood defences. The safety standards range from 1:10,000 (0.01%) per year for the dikerings along the coast to 1:250 (0.4%) per year for the most upstream stretches of River Meuse. The safety standards are based on a cost benefit analysis carried out for one of the main dikerings in the 1960s by the Delta Commission; the standards for the other dikerings were determined using qualitative comparison. The Minister is responsible for the provision of guidance, which is delegated to the Technical Advisory Committee for Flood Defence (TAW), and since 2005 the Expertise Centre for Flood Protection (ENW). There is an extensive set of guidance that covers all types of flood defences, and these are all rooted in a document called Grondslagen (Fundamentals) (TAW, 1998) which sets out the basic overall design philosophy. Even though the guidance is not mandatory for design, it is always used in practice because of its links with the Directive for the five-yearly safety assessment, which does have a mandatory status. In design of defences, other functions are taken into account as much as possible, but always as secondary functions against the background of the legal safety standard. For example, large defence improvement programmes such as Space for rivers and Weak links usually have a ‘double objective’ that also includes spatial quality (in all its aspects); this allows other Ministries or authorities to take (and fund) any opportunities that the reconstruction of flood defences provides.
In England there are no legally mandatory standards, but there is a set of indicative standards that Government use in the allocation of funding, based on land use and with maximum standards of 1:200 (0.5%) per year for tidal defences and 1:100 (1%)  per year for fluvial defences. The Thames Defences in and downstream of London are an exception: they have a 1:1,000 (0.1%) per year standard. There is no comprehensive dedicated set of guidance for design of defences, but the Environment Agency do produce guidance for particular elements (e.g. freeboard, trash screens) and overall guides such as the Fluvial Design Guide. In addition designers use codes such as British Standard and Eurocode. Opportunities and constraints from other functions are taken into account in planning and designing flood risk management works, from the high level CFMPs and SMPs down to scheme development. This is mainly driven by the requirements of statutory processes such as Environmental Impact Assessment. There are cases where benefits from other functions can be used to improve the cost-benefit ratio and improve a scheme’s chances of funding.
The typical standard for flood defences is 1:100 (1%) per year in the USA. An important basis of this standard is, again, the National Flood Insurance Program from 1968 that regulates flood insurance protection in flood-prone areas. The flood defences protecting these areas have to be certified in this insurance program. Recently USACE has published a new draft Engineers Technical Letter that includes policy, procedures and guidance on levee and floodwall certification (USACE, 2007). This ETL is explicitly written for levee certification but not for design guidance. Similar to the Dutch situation, the ETL guides the levee design to a certain extent in reality because of the certification process after construction. The events in New Orleans have taught some useful lessons about constraints from other functions having unacceptable consequences, such as the navigation channels through the city with an open connection to the sea. Also, lessons have been learned about the need for a more risk-based approach.
2.8 Asset management
The Netherlands has a long history of defence management, first by the people who built them and lived right behind them, and from around 1100 organised through small Water boards. These days the assets are managed by large professional organisations: either the (strongly merged) Water boards or by regional departments of Rijkswaterstaat. The Flood Defence Act and the provincial regulations (for regional defences) state that the asset manager is responsible for maintaining the defence to meet the safety standard, but they don’t dictate how to do so. The Act and the regulations do include requirements for data management (obligations to maintain maps and asset data registers that need to contain both the existing and required situation). There is no official standardised database, but in practice all Water boards use one of a small number of specialist GIS related systems. Rijkswaterstaat keeps a national database of crest levels of primary defences. The Provincial regulations also require an asset management plan, which are tools for strategic management and for consultation. The asset managers are largely independent organisations that develop their own methods and approaches to suit their situation; however, they do cooperate (and work with others) to carry out applied research and develop guidance. The ongoing research programme on inspection methods is an example.
Most of the defence assets in England are managed by the Environment Agency through their Area teams. All areas work according to nationally consistent guidance. The key parameter in current asset management is the Condition Grade, which is determined by visual inspection using example photos and text from the Condition Assessment Manual. Targets for asset management are set in terms of this Condition Grade, which is used as a proxy for defence performance. There is a strong development to make asset management more explicitly performance based. The Environment Agency use a national asset data management tool called the National Flood and Coastal Defence Database (NFCDD). The Environment Agency use Flood Risk Management Systems based on the potential consequences of flooding (high, medium or low) as an important unit in asset management. The next step is to develop System Asset Management Plans which will set out the management strategy for each system, based on the policy as decided in the high-level plans (CFMP or SMP).
In the USA flood defences are inspected and maintained by USACE for the defences in their system, but for the other defences by local boards, and paid by state and local taxes. The maintenance and inspection of flood control works is, again, strongly driven by FEMA’s requirements for certification under the National Flood Insurance Program. For example, one of the certification criteria is whether the defence has been adequately maintained, including regular inspection and assessment. The USACE have produced guidance for their own asset management, but also for non-Federal asset management organizations, and they can provide support. There is an ongoing move toward the use of risk-based analytical methods in addition to current visual inspection based methods.
2.9 Public perception of flood risk
In the Netherlands the public is generally well aware that they live behind defences. In fact they expect to be protected and are generally confident that the engineers have done their job well. In recent years Government has carried out publicity campaigns to raise flood risk awareness. Recent events such as Katrina and increased media attention for climate change may have reduced the public’s confidence in the defences. So whereas since the 1960s the public typically underestimated flood risk (perceiving 1:10,000 per year as zero probability, hence zero risk), these last few years the focus on the potentially disastrous consequences possibly makes the public overestimate flood risk. Because of the extent of the flood zone, most people have not consciously chosen to live in a flood risk area and have no practical alternative. Therefore it could be argued that the public sees flood risk not as a natural risk but as an industrial risk, and expect the associated high protection levels. 
The regular occurrence of flood events in England in recent years has made most people aware of flood risk, certainly in obvious areas behind defences. This is enhanced by the general availability of the Environment Agency’s flood maps and the issue of insurance. Most people moving house will nowadays be aware whether or not they choose to live in a flood risk area, but that was not the case in the last decades, when much housing development happened in the floodzone. The emphasis in Government’s communication is on raising awareness that flooding can’t be prevented but only managed, and explaining what the public can do themselves to increase their resilience, including signing up to the Environment Agency’s automatic flood warning system.
The public in the USA is well aware of flood risks because of the regular occurrences of river floods, hurricanes and extreme rainfall events throughout the country. Another aspect that contributes to this awareness is the federal flood insurance and also the emphasis on flood warning and evacuation in the media. The recent communication of the USACE in New Orleans talks about a risk-reduction system instead of a hurricane protection system. Especially in New Orleans the trust, however, in the government to provide adequate flood protection is still low. This low level of trust is highlighted by the various conspiracy theories after Katrina that levees were intentionally destroyed by the USACE to save the richer areas of the city from flooding. 
3. Conclusions
All three countries use their own mix of structural and non-structural tools and their own arrangements to manage flood risk. Some of the differences can be explained by geography, others by less rational aspects such as history and culture and associated legal, institutional and political constraints. It is useful to stand back and analyse whether current arrangements are optimal. 
Especially against the background of potential future changes, a different mixture of structural and non-structural tools with different arrangements may be more rational. The resulting vision for future flood risk management could then be used to develop a realistic and achievable way forward within current historic and cultural constraints.
Structural measures to reduce the probability of flooding will keep having a major role in all countries. Non-structural tools (incident management, spatial planning, public resilience, insurance) typically focus on the consequences. They should at least be used in addition to structural measures, and in some cases maybe even instead of structural measures. In situations where flood risk is only now becoming an issue (either due to natural changes or due to new development), there is an opportunity to find and apply the optimum balance. In situations with existing defences, this could be a much greater challenge. 
We invite the readers to take inspiration from our analysis of differences, and then draw their own conclusions, based on their own geographical, cultural and historical perspective. 
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