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Abstract In 2004, the US Army Corps of Engineers (USACE) and the Dutch Rijkswaterstaat, signed a Memorandum of Agreement to stimulate cooperation between those two countries. That agreement provided the impetus for close exchanges in the aftermath of Hurricane Katrina. Despite their common struggle with water the US and the Netherlands have significant geographic, institutional and cultural differences, so encapsulating shared lessons learned comes with its challenges. The US is obviously much larger in area than the Netherlands. Nearly the entire Mississippi River basin falls within its borders, its climates range from arctic to sub-tropical types, it is exposed to a wide variety of natural hazards and it has widely variable population densities. By contrast, the Netherlands is situated in the delta of the Rhine, Scheldt and Meuse Rivers, is densely populated with little open space and is nearly wholly focused on flood and coastal storm hazards. In addition to the obvious differences in scale, water governance in the US remains largely decentralized, whereas in the Netherlands it has become increasingly centralized.  However, water management is converging between the two countries in several key areas. This paper attempts to compare and contrast approaches to coastal and floodplain management between the US and the Netherlands. A clear conclusion is that there is a great deal to gain from closer collaborations. While the US has a much larger research and development capacity, the Dutch have unmatched practical experience in coastal protection as evidenced by its Delta Works.  The institutional settings - most notably the federal-state intersects in the US and the Netherlands-European Union framework – are in continual states of flux and of clear common interest from a water governance perspective. Specific areas of mutual interest relate to approaches to safety and risk, innovations in hydraulic engineering, operations and maintenance measures, participatory planning, and basin-scale strategies.  
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1. INTRoduction
The Dutch Rijkswaterstaat (RWS) and the U.S. Army Corps of Engineers (USACE) signed a memorandum of agreement in 2004 that was formulated to stimulate exchanges on a wide range of water resources issues of technical and policy related importance. The RWS and USACE share similar roles and responsibilities, and it was apparent at the agreement signage that both parties have much to learn from each other. In the aftermath of Hurricanes Katrina and Rita, this impression was strengthened, and a great deal of attention from the US was directed to the Netherlands in terms of its historic struggle against water, the flood of 1953 and the resulting Delta Works (Broad, 2005, Rupell, 2005). A stream of visits to the Netherlands followed the 2005 hurricanes.  The Prince of Orange, welcoming a delegation led by Senators Landrieu and Vitter from Louisiana, summed up the exchange as follows:   ‘Our countries are old friends and it makes sense for us to help each other in times of need. That happened in 1953, when... the United States rushed to our aid, amongst others with mobile pumps. And it happened in 2005... when we sent the first replacements of those pumps back across the Atlantic’ (HRH Prince of Orange, 2006).  

At first blush, the general sense is that both countries can profit from each other’s experience. However, formulating what the various lessons can be challenging. For instance, Dutch solutions, such as the Delta Works, cannot be directly transposed to the American situation due to their sizable geographic, socio-cultural, and institutional differences. In this paper an attempt is made to characterize those similarities and differences as they pertain to flood management in order to strengthen this important relationship. Clearly defined areas of mutual interest have emerged as a result of this bilateral exchange. 
2. SCALE VARIATIONS 
The most obvious difference between the US and the Netherlands is the geographical scale of both countries (Figure 1), which has immediate implications for flood management. The US territory encompasses major portions of its river basins, therefore, basin management can in an ideal sense be more easily organized and coordinated within its national boundaries. The Netherlands by contrast is at the lower delta of three main rivers (Rhine, Meuse and Scheldt) and has no control over the rest of the basin. Any river basins approach has to be conducted within the framework of international agreements.
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Figure 1 Comparative Differences in Areal Extent Between the US and the Netherlands
The US is at risk from a variety of natural hazards of both seismic and hydro-meteorological origin.  The means by which these threats are managed and resulting disasters responded to is a responsibility that is shared between local, state and federal officials. The National Response Framework (NRF), drafted by the Department of Homeland Security in 2007, is the most recent attempt by the US to define the various roles and responsibilities of the various sectors for all types of hazards. In the Netherlands, flooding is the single natural hazard that both directly or indirectly affects the entire population, and therefore is a top national priority. A national commitment to large-scale protection and reconstruction is the result. This means that flood protection is given a higher priority than other interests, such as shipping and environmental management.
Another consequence of the scale difference is that population densities are much more variable in the US. Costly infrastructure such as dams, flood walls and storm surge barriers are not the most efficient solutions for large stretches with variably scattered human settlements. Non-structural measures such as flood insurance and land use planning have been devised to limit human exposure within high risk areas.  The Netherlands is a small densely populated country, and protective infrastructural measures (dikes, levees and storm surge barriers) are considered the most feasible and efficient options. A consequence of this approach, however, is that different interests (navigation, agriculture, environment) compete for the same space. Accommodating all parties becomes a spatial puzzle requiring innovative multi-purpose solutions that may come with relatively high costs and often sub-optimal results. 

3. HISTORICAL context
In 2005, a workshop was organized by USACE and RWS to compare the history of water management in both countries since the industrial revolution (Toussaint, 2005). That workshop highlighted the similarities and differences between both countries within discreet time periods. During the first half of the 19th Century capitalism started to flourish in the US.  The Louisiana Purchase greatly expanded US territories and the Humphreys Mississippi expedition took place. USACE was a small organization during this period largely dedicated to topographic mapping. In the Netherlands, RWS was founded during the French occupation and dedicated building to canals and planning for river improvements. Both RWS and USACE began as military organizations, with civil engineers trained at technical engineering schools, respectively T.U. Delft (founded in 1842) and West Point (founded in 1802).  
During the second half of the 19th Century, the US is characterized by westward expansion and substantial economic growth. This in turn led to the growth of the federal role in inland shipping.  The Eads-Humphrey controversy on the management of the Mississippi River fits within this context. This stage marks the initial development of dams and hydropower in the US and the start of engineering innovations. In the Netherlands, this period is characterized by a more liberal constitution and a relatively prosperous economy. The RWS started the river training works and such coastal projects as the harbors of IJmuiden and Rotterdam. In both countries, the railway system was greatly expanded and urbanization and living standards increased.   
At the turn of the 20th Century, the federal role in managing natural resources in the US increased substantially, as evidenced by the passage of the first Flood Control Act, which authorized levee building along the Mississippi River from Iowa to Louisiana.  Hydropower and multi-purpose water management continued to develop and the USACE continued to grow. In the Netherlands, many social developments occurred, such as industrialization, urbanization, democratization, nationalism and the start of the “social caring state” with its package of laws regulating social conditions. RWS became the infrastructure manager during this period. Common to both countries was the acceleration of communication (railway, telegraph) and the “electrification” of society, and the scale of infrastructural works substantially increased. National issues and development are managed technocratically with a greater emphasis on planning.

From the 1920s to the 1970s, the US situation was characterized as a period of high unemployment and large-scale infrastructural projects within the context of the New Deal. The Mississippi floods of 1926 led to the first federally supported act: the Flood Control Act of 1928.  Large-scale dams were built for hydro-power, and basin-level management was conducted under the guise of the Tennessee Valley Authority. Hydraulics engineering emerged as a science, and research institutes were formed (Waterways Experiment Station in 1929 and Delft Hydraulics in 1933) in the US and the Netherlands. In the Netherlands, we witnessed the closure of the Southern Sea (1931) following the disaster of 1917 and the Delta Works following the 1953 storm. At the end of this period a counter-movement to technocracy arose, visible in the environmental controversy surrounding the Eastern Scheldt and the resulting design change. 

From the 1970s onward, a litany of environmental protection acts were formulated in the US at the federal level.  Trends in favor of deregulation and privatization have led to increased cost-sharing between USACE and its local project sponsors. The importance of more systematic approaches to water resources management, including the expansion of natural floodplains, has started to take shape. Following the 1993 Mississippi floods, the National Flood Insurance Program was strengthened and wholesale buy-outs encouraged. In the Netherlands, very similar trends have evolved. The floods of 1993 and 1995 led to more streamlined levee building procedures but also to the Room for Rivers policy. During this period European regulations also started to greatly affect national water policies.
4.  GOVERNANCE

Both countries possess a three-tier governmental approach: national/federal, state/provincial, and local/municipal.  As Figure 2 shows, however, flood management in the US is a responsibility that is shared by several different organizations.  In the Netherlands it is the undisputed responsibility of the Ministry of Transport, Public Works and Water Management, with secondary roles (agriculture, environment) within other ministries. Responsibilities for spatial or land use planning lie at the provincial level in the Netherlands and more at the local level in the US.  
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Figure 2.  Various Organizations Within the US Responsible for Flood Management

Besides the disparate number of organizations at the federal level that hold water-related responsibilities, another large difference between the Netherlands and the US is the relationship between the federal level and the different states. In the US, governance is a shared responsibility with individual states in most cases assuming the lead decision making role. The federal role is to support regional interests at the project level, as well as provide specific national services, such as advanced warning systems, flood proofing awareness and geo-spatial product services. There is, however, no centralized policy that guides the US due to the heavy emphasis placed on states-rights in spite of several attempts over the years to reform flood management policies and procedures. USACE is the primary organization responsible for water infrastructure, overseeing an array of congressionally-directed projects. The participation of non-federal sponsors is required for US flood protection projects. This ensures local commitment through cost-sharing, but runs the risk of being viewed as a ‘pet project’ in lieu of a more integrated approach.  As evidenced by its recent strategic plan, however, basin-level planning is starting to take shape within USACE.  However, the annual funding cycle continues to favor local projects at the expense of long-term coherent coastal and floodplain management plans. 

In the Netherlands, the centralization of power has been an on-going process since the middle of the 19th Century. Major infrastructure works, such as river regularization in the middle of the 19th Century and the Delta Works from 1957-1986, are planned and financed nationally. Water policy is also strongly centralized, and policy changes over time, often after a disaster, were nationally orchestrated. At another level a much more similar situation to the US is developing in the European Union. The dilemma of national responsibilities versus common European approaches results in European Directives and Guidelines after long and cumbersome decision procedures and consensus building.

Although these are both technically advanced western nations, there are also important cultural differences between both countries. In the US, for instance, there is an innate sense of individual rights and power. This is generally reflected in the negative way society views public administration. Public funds are “taxpayers’ monies”, and federal/state agencies are merely tolerated by many. Local organizations are able to constrain state and federal activities to a much higher degree than in the Netherlands. By contrast in the Netherlands, public administration, particularly at the national level, is seen as the entity responsible for taking care of societal needs. There is an instinctive trust, particularly on matters related to flood defense, which can almost be viewed as a “fatherly” role. Public funds are therefore viewed more as “state monies”. 

A further consequence of the marked American individualism is evident in the degrees to which the individual can be held responsible for their actions. Consequently, there is a much stronger litigation culture. After 1953, no Dutch judgments on responsibility, lawsuit or claims were filed, which was not the case in the US following Hurricane Katrina. The joint mindset was “never again” and the focus was on rebuilding. Even though Dutch society has become more assertive about individual rights since 1953, the major inland floods of 1993 and 1995 led to no individual claims or lawsuits, only national policy changes. Individual responsibility is also reflected in the US system of certified and registered engineers, which includes a code of ethics. In practice, this places a high degree of responsibility on the individual engineer. Although ethics is a consideration in Dutch engineering universities, the commitment at the individual level is much lower. In 2001 the Royal Association of Engineers (KIVI) developed an ethical code for engineers, but it has an advisory, non-compulsory status.

4. Two different approaches TO flood management

The geographical, institutional and cultural context of both countries has led to different approaches in flood management. The safety chain or hazard/disaster cycle (prevention, protection, preparedness, response, recovery, reconstruction and evaluation) is a useful concept for comparing flood management practices in the US and the Netherlands.
Flood management in the Netherlands primarily relies on protection – most notably levees, storm surge barriers and dunes - that are continually monitored and maintained. Although in recent decades the policy has been to limit the use of hard structures (barriers, hard dams) in favor of measures that take into account the nature and dynamics of the environment (sand nourishments, floodplain extension).  Still, the basic measure of flood management is to ensure protection – the focus is on one thing only. 
Four elements are important to ensure the success of Dutch flood management. First a system of dikes, dunes and structures constructed to protect all flood-prone areas to a given design level that is calculated on the basis of population density, flood type, risk and economical assets.  Second, a maintenance cycle that on a five-year basis re-evaluates hydrodynamic boundary conditions, carries out a safety assessment on all primary flood protection and reports to the Dutch Parliament. Third, continuous funding for the construction and maintenance of the overall system, with funding shared between the national level and the regional water boards, which levy their own taxes. And finally the entire system is anchored via the various laws that were passed in conjunction with the Flood Act of 1996.
Particularly in the post-Katrina context, this Dutch system is often touted as an example of how to ensure protection against flooding, however, caveats are in order. The system is the result of the political will to ensure flood protection for the country and to provide a continuous operations and maintenance budget. This was feasible because, contrary to the US situation, approximately two-thirds of the country is at risk of being flooded.  The country is small, economically prosperous and densely populated enough to make protection by major structures feasible. Given that, it should also be noted that it has taken almost 50 years to achieve this flood protection infrastructure and associated institutional framework. Moreover, only two safety assessments in the official five-year cycle have been conducted (2001 and 2006). The last safety assessment showed that 44% of the primary infrastructure complied with the safety levels, 24% did not and 32% of the infrastructure remains unclear (Verkeer en Waterstaat, 2006). 

In the US, levees, dams and other protection measures are also essential parts of flood management, but their design, construction and maintenance is a shared responsibility.  Non-structural measures, such as land use planning, flood insurance, and flood-proofing are also playing increasingly critical roles in the flood management process.  Prevention and preparedness, in the form of warning systems and evacuation planning, are also equally important components of the overall system. The large focus on preparedness and emergency response has led to a more fully developed system of public awareness and involvement. As emergency response  is also one of the few areas where federal responsibility is required and readily accepted, there are many federal organizations with defined emergency support functions, as defined in the NRF. The area of hazard mitigation requires a great deal more attention at the federal level within the US.  In a nation that is so large and with such a rich “hazardscape” the US system, although imperfect, is flexible and robust enough to cope with most emergencies.  
5. FLOOD MANAGEMENT: Collaborative opportunitieS
Given the differences that divide the US and the Netherlands how can we best learn from each other in terms of flood management? The results of the RWS/USACE exchange have taught us that there are many common challenges we face and experiences to draw from that suggest we have only begun to scratch the surface in terms of collaborative opportunities. Results from the historical workshop and various technical workshops have led us to conclude that flood management between the two countries is converging in five key areas:  safety and risk, technological innovation, operations and maintenance,  participatory planning, and basin-scale strategies.
5.1 Safety and Risk

After the 1953 flood, the Netherlands introduced a safety-level approach. All flood-prone areas were given a safety level according to population, economic assets and possible depth of flooding. The safety level was in fact the “exceedence” level of the hydraulic load. In the last decade a new and more sophisticated risk-based approach is being developed. Instead of the risk of exceedence, the risk of failure of a dike ring (including its strength) will determine whether a certain area is adequately protected. In the US, the USACE is developing an even more sophisticated risk-based approach within the dams and levees safety program.  In addition to pure hydraulic exceedence and strength failure, other factors will be taken into account. Such an approach is transferable to a broader range of hazard types than floods alone. We have a great deal to learn from each other in the ways we address risk and uncertainty.
5.2  Technological Innovation
The Louisiana Coastal Protection and Recovery study was performed, in part, to determine how that area can be protected against a Category 5 hurricane. This will include state-of-the-art constructions such as large-scale storm surge barriers similar to the Maeslant Barrier in Rotterdam. It will also include new systems where river sediment will be redistributed within the delta area instead of being lost to the Gulf of Mexico. These techniques will be innovative and ideally tested prior to their implementation.  Bilateral pilot projects in several areas should be devised in such a manner to benefit both nations.
5.3 Operations and Maintenance

In the US, the collective maintenance budget for projects is woefully insufficient, with a backlog that continues to grow. Maintenance is performed primarily to keep the structures operational. Flood control projects often are prioritized based on a grueling and cumbersome budgetary process. In the Netherlands, a country where most of the infrastructure is in place, operations and maintenance is becoming an increasingly important issue. Maintenance is slowly becoming professionalized, meaning that it is developing from an art-based practice based on local experience, to a technology-driven one with a sound scientific basis. Functional maintenance to ensure full operability and the planning of maintenance and asset management form a major part of this. For the US, this approach could be very useful, and the requisite institutes have the potential to quickly develop an effective strategy for achieving sound “O&M” practices.

5.4 Participatory Planning
Within the US context where litigation is rampant, involving various stakeholders in the decision-making process is critical. With the amount of organizations involved in flood management and the individualistic culture allowing more institutions to dictate the state and federal actions, effective participatory planning techniques are vital to flood management. In the US, the increasing amount of organizations involved, has led to innovative means in which to communicate and collaborate with various stakeholders on any given issue. Collaborative modeling methodologies, applied information technologies, dispute resolution, town hall meetings, and listening sessions are some of the techniques of interest to the Netherlands, where there is a culture of public discussion until consensus is reached (the so called “polder model”)

5.5 Basin-Level Strategies
Owing in part to its geographical scale, basin-level planning has taken shape in the US long before that of the Netherlands. Moreover, since the completion of the Delta Works, sediment exchange between the rivers and the coast has practically disappeared so that rivers and coastline are (wrongly) considered as completely separate systems. A basin-level approach is currently being developed within the European framework (notably the Water Framework Directive and recently the European Flood Directive). The US approach to river basin management, sediment budgets and environmental valuation is of interest to the Netherlands. Conversely, the European directives could be of interest to the US in any discussion leading to a national flood management program. Further exploration on how to define and best achieve practical integrated approaches to water resources management is of key international interest. 

6. CONCLUSIONS

The recovery activities stemming from Hurricanes Katrina and Rita have demonstrated that the US and the Dutch have a great deal to learn from one another. The difference in geographical scale makes the US experience particularly interesting for the Netherlands, as there will always be a situations similar to the Dutch case in the US. The five topics identified in this paper suggest that there is ample common ground for us to collaborate more fully in the evolving field of flood management.  While the US has a growing maintenance backlog the Dutch are moving towards a condition where maintenance will be its primary task and greatest expenditure.  Experiences from both sides of the ocean on this one issue can help move operations and maintenance from a mere art form to a proper science.
It should also be noted that the Netherlands suffered its last major flood over 50 years before Hurricane Katrina. Much of what makes the Dutch approach to flood management stand out, such as its Delta Works network and safety first approach, stems from activities following that key 1953 event. The Dutch experience is not only being assessed in the US in the aftermath of Katrina but also within their own country.  Climate change, subsidence, population dynamics and the more recent US disaster images give the Dutch pause to reflect on what elements of their own comprise an effective flood management system.  No one system is infallible and each country must directly or indirectly derive its own level of acceptable risk and protect itself accordingly.  
Differences in governance comprise another important element to this exchange. The manner in which the US national government interfaces with its states is not dissimilar to what is taking shape in the Netherlands under the auspices of the European Union.  Although the Dutch have centralized procedures within the confines of their own borders they face new challenges in conforming to EU guidelines and directives.  A further challenge is how best to preserve their own management interests while interfacing in a more pronounced manner with other EU member states.  Both the US and Dutch systems of government, therefore, are works in progress.  The US may be inspired by EU guidelines and directives while the Dutch can learn how to maintain their interests with other EU member states in a comparable way to the US federation. Therefore, both countries also profit in flood management not despite their differences but in thanks to them.
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