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Abstract: In the Netherlands actions regarding protecting the country against flooding have a legal basis in the Flood Defence Act of 1996. Within the framework of this act each 5 year a safety assessment is performed, and improvement measures are carried out for weak spots not fulfilling the safety standards. In the forthcoming years several billion euros are invested in improving flood defences and making room for rivers. Nevertheless, the current safety standards (fixed in the Flood Defence Act) stem from the 1960’s, when the Delta Committee derived safety standards for the threatened areas in the Netherlands after the devastating flooding in 1953 of the southwestern part of the country.

In the recent years the insight that the safety policy including the safety standards needs to be re-evaluated has grown. This is largely caused by the storm disaster in New Orleans and the grown awareness of climate changes. The project “Flooding Risk in the Netherlands (FLORIS)” has been carried out between 2001 and 2005. In this project the probability and consequences of flooding for 16 of the 53 dike ring areas are estimated. The results gave a good insight in the various failure mechanisms of dikes and the consequences of a flooding. In the next years this study is continued to get information about the complete country.

Climate change is another reason to change our policy. Sea levels are rising, ground is subsiding, rain falls more often and in larger amounts and the amount of melt water is increasing. In the coming years we are facing so much water that technical measures alone, such as raising dikes, are not enough to prevent flooding and to control any possible damage. We are now considering the best way to balance the level of flood protection against the value of individual areas to society in order to achieve sustainable flood protection It is therefore necessary to make better use of existing and future knowledge, clearly determine responsibilities, exploit a wider range of resources, and improve our collaboration with other parties within the Netherlands and with other countries. In the future, water and safety must be regarded as a coherent whole. The long-term goal is to create a new policy with regard to flood risk protection - a joint effort, wherein we will cooperate with all parties concerned in the Netherlands to prevent floods and control any possible damage. 

In 2006 a broader policy and societal discussion has been started to discuss the essential changes to the Dutch safety policy regarding the risk of flooding. In this discussion attention is given to the possibility of different measures to reduce the risk of flooding in different parts of the safety-chain. Absolute safety does not exist, so besides preventive measures, also the possibilities of risk-reducing measures is investigated.

Three pillars containing different type of measures are investigated: preventive measures, measures to reduce the consequences of flooding and flood-awareness. This discussion leads to a policy report in 2008 in which possible policy changes are proposed..
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1. History

The Netherlands is situated on the delta of three of Europe’s main rivers: the Rhine, the Meuse and the Scheldt. As a result of this, the country has been able to develop into an important, densely populated nation. But living in the Netherlands is not without risks. Large parts of the Netherlands are below mean sea level and water levels which may occur on the rivers Rhine and Meuse. High water levels due to storm surges on the North Sea or due to high discharges of the rivers are a serious threat for the low lying part of the Netherlands. Construction, management and maintenance of flood defences are essential conditions for the population and further development of the country. 

Without flood defences much of the Netherlands would be regularly flooded. The influence of the sea would be felt principally in the west. The influence of the waters of the major rivers is of more limited geographic impact. Along the coast, protection against flooding is principally provided by dunes. Where the dunes are absent or too narrow or where the sea arms have been closed off, flood defences in the form of sea dikes or storm surge barriers have been constructed. Along the full length of the Rhine and along the parts of the Meuse protection against flooding in provided by dikes.   

Safety in the Netherlands is organized within dike ring area’s. A dike ring area is an area which is surrounded by flood defences as levees, dunes or structures, and will be flooded if there is an extreme hydraulic load from the sea, the lake IJsselmeer or one of the big rivers. Figure 1 presents an overview of the 53 dike rings. 

1.1 Current safety levels

In determining the required height of dikes, the traditional method in the Netherlands used until well into this century was to take the highest known water level, plus a margin of 0.5 to 1 metre. After the big 1953 flood disaster in the Netherlands the design method of flood protection was improved considerably by the Delta Commission. The starting point as proposed by the Delta Commission after 1953 was to establish a desired level of safety for each dike ring area or polder [1]. This safety level would need to be based on the costs of construction of dikes and on the possible damages which would be caused by flooding. These economic analysis led to an ‘optimum’ safety level expressed as the probability of failure for the coastal dikes. In practice however, the safety level was expressed as the return period of the water level, being the most dominant hydraulic load. One of the main reasons to simplify the description of the safety standard was the lack of knowledge to describe the failure process of a dike sufficiently accurate. 

The economic analysis has been used to differentiate the safety standard according to the expected damages in the various polders. A safety standard has been established for each dike ring area. This standard is expressed as the mean yearly frequency that the prescribed flood level is being exceeded. The standards vary from 1/10000 to 1/1250 per year (see figure 1), depending on the economic activities and size of population in the protected area, and the nature of the threat (river or sea). In 1996 these standards were laid down in legislation when the Flood protection Act [2] came into effect. 
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Figure 1. Dike rings in the Netherlands

In 2005 an update of the Flood Protection Act was established. In this update 42 dike-ring area’s along the Meuse river were added, with a standard of 1/250 per year. Also the obligation to check the efficiency of the safety standards every 10 year was appended.

2. Recent Developments

2.1 5-yearly Safety Assessment

In the Flood Protection Act is also prescribed that every 5 year the safety of all the flood defences should be assessed. For this purpose, regulations for the safety assessment are determined by the government. Also the hydraulic boundary conditions (extreme water levels and wave parameters) are calculated every 5 year. Based on this information, the safety of 2875 km of levees and dunes is assessed. The safety assessment is carried out by the maintaining organization. The biggest part of the flood defences are maintained by the Waterboards, the most of the closing dams and storm surge barrier are maintained by Rijkswaterstaat. The guidelines for carrying out the safety assessment are provided by the Ministry of Transport, Public Works and Watermanagement. The results of the safety assessment are reported to the administration of the provinces, who supervise the maintaining organisations. The provinces combine the results and report to the Dutch Ministry of Transport, Public Works and Watermanagement, which finally reports to the Dutch Parliament.
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Figure 2. Results of the Safety Assessment 2001-2006

In 2001 the safety assessment was reported to Parliament for the first time. In 2006 the results of the second safety assessment were reported [3]. It was found out that 44% of the flood defences comply with the standards. 24% of the defences did not comply to the standards, and for 32% of the flood defences no result could be obtained. In figure 2 the results of the safety assessment 2006 are shown. The flood defences which comply to the standards are green, the flood defences which did not comply to the standards are blue, and the flood defences for which no result could be obtained are shown in white. 

For the unsafe flood defences reinforcement plans must be maid. The finances for the reinforcement plans are received from the national government, and the reinforcement plans must be carried out in the period 2006-2016. For the upcoming safety assessment, the emphasis is put on the flood defences for which no result could be obtained. The goal is to half the number of flood defences with “no result” score.

2.2 Policy evaluation and Emergency preparedness

In 2005 an evaluation of the Flood Risk Management Policy was carried out by the Netherlands Environmental Assessment Agency. In this evaluation the conclusion was drawn that the safety standards that are derived in 1956, were out-of-date. The number of inhabitants and the economical value of the protected area’s have increased so much, the a re-evaluation of the safety standards was advised.

Furthermore observations were made about the large contribution of “no result” in the safety assessment. Also it was noticed that after a flood defence was not complying with the safety standard, in Dutch practice, it takes 10-15 years for the flood defence to be strengthened. In this time the level of protection intended by the safety standards in the Netherlands is not achieved. 

Finally a remark was made about the “safety chain”. Historically Flood Risk Management in the Netherlands focuses on prevention, by building flood defences with stringent safety standards. In particularly in public perception, the flood protection levels are so high, that the possibility of failure of a flood defence was not taken into account. In the policy evaluation it was recommended to put more effort in the preparedness for flooding events. Especially after the devastating flooding caused by Katrina in New Orleans, the field of emergency planning was intensified. A Task Force was established, with the assignment to improve the preparedness of emergency planning organisations in the Netherlands for possible flooding events.

2.3 FLORIS project

Since the 1990’s, achievements were made to calculate flooding risk in the Netherlands. In the 1960’s, while the safety standards were derived by the Delta Committee, the risk of flooding was considered the ultimate unit to express the risk, but the calculation of the risk of flooding was not possible. In the period 1994-1998 the first prototypes of a probabilistic model for calculating the probability of flooding, PC-RING were developed. With this model the safety of a system of several stretches of flood defence forming a dike ring area was calculated. Several failure mechanisms like overtopping, geotechnical instability and piping were taken into account. Also dune-erosion and overtopping and non-closure of artificial structures like ship locks and discharge sluices were incorporated in the model.

In 2000 the model was tested to calculate to probability of flooding of four different area’s in the Netherlands [4]. As a result of this study, a start was made with the project FLORIS (Flooding Risk in the Netherlands, VNK “Veiligheid Nederland in Kaart” in Dutch). In the FLORIS project also the consequences of flooding were calculated. For different possible breach scenario’s, two-dimensional hydro-dynamical simulations were made with the SOBEK model. With the resulting flooding depths and velocities, estimates were made for the damage and number of casualties. The estimates of damages were made with the HIS-SSM module, and for the casualties a loss-of-life model was developed by Jonkman [5].

In 2005 the results of the first stage of the FLORIS project were published. For 16 of the 53 dike ring area’s results were obtained. The calculation of the expected damages showed more accurate estimates of the flooding process, and for some larger dike ring area’s it was shown the not the complete area would drown in case of a dike breach. The calculation of the probability of flooding showed that for area’s in the coastal region or along the big lakes the probability of flooding could be calculated, and the results could be compared to the height of the current standards in terms of frequencies for exceeding design water levels. For the river area the calculated probabilities of flooding were not robust enough, because of lack of input data for the piping failure mechanism, and because of insufficient modelling of the “length-effect”, which occurs when the probabilities of several stretches of flood defence are combined to calculate the probability of failure of a dike ring area.

In 2006 the second stage of the FLORIS project was started. In 2007 improvements were made to the used models, and in the first months of 2008 the new models are tested. In 2009 and 2010 the results, calculations of the probabilities of flooding and the accompanying flood consequences (damages and casualties), are expected.

2.4 Climate change

In the recent years an increasing attention for the topic of climate change can be observed. Regularly publications of new estimates of climate effects of sea-level rise are published. Also the publicity around the movie of Al Gore raised the awareness of the general public for climate change. The Netherlands is very sensitive for especially sea level rise, so it can be concluded that the raised attention for climate change was an important trigger for the actual discussion about flood safety in the Netherlands.

3. Changes in Policy

In 2006 the Ministry of Transport, Public Works and Water Management started a broad discussion with representatives of the different parties involved in flood risk management (water boards, provinces, municipalities, emergency and technical professionals). By means of different meetings ideas for improving or expanding the current safety policy were discussed. Technical expert meetings were organised concerning different subjects. Also regional meetings were organised, in which professionals   and local administrators could discuss the elements of flood risk management and possible points of improvement. These discussions led to proposals for improvement along three “pillars”.
3.1 Prevention

The Dutch prevention system with the safety standards laid down in the Flood Defence act was considered very valuable. Some improvement points were defined.

The current safety standard is defined in terms of the frequency of exceeding the design water level. There is no direct relation between this standard and the probability of flooding. Because of the recent development of techniques, it is now possible to change the safety standards to a probability of flooding. For this purpose, a policy analysis is carried out. Several options for the unit of the safety standard varying from “frequency of design water level”, “probability of flooding” to “risk of flooding” were compared. A change to a safety standard in terms of a probability of flooding has a lot of advantages, but requires changes in the instruments for the 5-yearly safety assessment. In all options, the analysis of the risk of the flooding is the basis for setting the desired level of safety.

Also the desired level of the safety standard should be re-evaluated. In the Netherlands, a cost-benefit analysis must be carried out. A thorough cost benefit analysis can only be carried out in 2010, because the necessary input data are only available in e few years. A course cost benefit analysis is carried out in 2008 [6], and based on these results the financial implications of new policy can be estimated. Besides the cost benefit analysis also estimates of the expected number of casualties are made. These estimates are compared to standards for individual risk and societal risk for other external risk in the Netherlands. Together with the results of the FLORIS project in 2010 the societal discussion about an update of the safety level can be conducted.

Another proposal concerns the “robustness” of the safety standards. At this moment there is no formal justification for a robust design of flood defence. The result is that in some cases a few years after a flood defence is constructed, when new estimates in for instance sea level rise are taken into account, the flood defence is not complying the safety standard any more. Furthermore in the years after a flood defence is assessed “not safe”, the situation is formally unsafe. By defining two different levels of safety, one absolute lower bound of safety, and one level serving as an assessment level, it can be achieved that the absolute lower bound is never exceeded. 

Finally attention is given to another concept of levees. In the Netherlands the flood defences are relatively small because of the densely population of the country. Constructing dikes that are wider and armoured and therefore “fail proof”  is regarded an innovative way of dike construction. In an extreme form there are also ideas of constructing flood defences of approximately 300 meters wide. The infrastructure must be build on top of the new defences, and these “super levees” should be able to withstand sea level rise.

Because of the critical role of Flood protection for the Netherlands, and the huge investments in the potential flooded areas, prevention is and will be the basis for Dutch Flood Risk Management Policy. Damages, casualties and societal disruption must be avoided as much as possible The height of the protection level and the associated investments will be the subject of a societal discussion. 

3.2 Reducing consequences of flooding

In the Netherlands traditionally a lot of attention is given to preventive measures like dike heightening. However, the possibility of a flood event can never be reduced to zero. This means dealing with the economic and human losses if prevention measures fail and flooding occurs. The reduction of consequences can be achieved by different strategies
First flood risk management should be an element in assessing future spatial development. In the Netherlands a “Water Test” (Watertoets in Dutch) is obligatory for developing spatial projects. For every plan, the effects on the water system have to be evaluated and discussed with the relevant organisations like water boards, municipalities and provinces. However, the results of the Water Test are not binding, and the Water Test focuses more on water management and not on flood risk management. The instrument of the Water Test is adapted to overcome the above mentioned shortcomings the next years.

An instrument which could support this strategy will be Risk Zoning. Different zones of flood risk are defined, and depending of the level of risk different constraints to building plans can be enforced. This can vary from not building in risk zones to adaptive building techniques. The level of risk depends on the vicinity of a possible dike breach location and the depth of the expected flooding. The instrument of risk zoning has the advantage that the effect of development of new activities to the flood risk is monitored and possible mitigating measures can be arranged. In the densely populated and low lying Netherlands however, almost every development implies an increasing flood risk. 

Secondly the more physical measure of reducing the consequences of a flooding by building compartment dikes can be mentioned. Historically the protected dike ring area’s (see figure 1) in the Netherlands were formed by smaller polders, all organised by different water boards. Especially in the south-western part of the Netherlands, a lot of the smaller polders formed different compartments. These compartments were maintained and could limit the extend of flooding. However over the last decades, a lot of these compartments lost their function. Because of the discussion about new elements in Flood Risk Management in the Netherlands, a large study was carried out to find out whether it would be efficient to divide some bigger dike ring area’s into smaller dike ring area’s. The results of this study are expected in 2008, and based on the results possible some compartment dikes in certain area’s will be planned and eventually built.

3.3 Flood Awareness

The third pillar of the improvements of the new flood safety policy is flood awareness. Both for policy makers and for citizens, the flood awareness can be raised. Most citizens are aware that they are living in flood prone area, but they are not aware of the accompanying risk. Flood risk maps and other types of information will be made available to the public. The goal is to improve the flood-awareness of citizens, and therefore prepare citizens for possible flood events. If they now how to act in case of a flooding, the number of casualties will decrease.

3.4 Other elements

After the New Orleans flooding, the Task Force for Management of Flooding (TMO, “Taskforce Management Overstromingen” in Dutch) was established. The task of the TMO is to establish emergency plans for flooding events in the plans of emergency agencies (fire department, police force, medical emergency agencies). In the end of the year 2008 an extensive national emergency exercise is organised. By means of this exercise, the preparedness of the emergency agencies for a flooding event is tested, and the evaluation of this exercise will support the improvement of the emergency plans for flooding events.

4. Synthesis
As a result of the current Flood Safety Act, every five year the safety of the flood defences in the Netherlands is assessed. If a flood defence is not complying to the safety standards, a reinforcement plan is maid. Over the next period until 2015 approximately 2 billion euros is invested in the improvement of the Dutch flood defences. To ensure the safety for the rest of the century continues monitoring of the risk is necessary, and adjustments of the current flood safety policy are investigated.

The evaluation of the current policy for flood safety started in 2006. In a broad process different parties were consulted with ideas for improving the flood safety policy. In 2008 the process of converging to elements of a new policy was started, and in the second half of 2008 a policy document describing the new elements in Flood Risk Management policy in the Netherlands will be established.

The ongoing struggle to protect ourselves against sudden surges of floodwater is part of our national culture, and one that we are proud of. After all, the very existence of our country is a victory over water. And we would like to keep it that way. The primary aim of our current flood protection policy is and will be to prevent flooding. But there is no such thing as 100% safety. Therefore we have to be prepared just in case and we have to consider measures how to reduce the consequences if a flooding occurs. In this way we can anticipate on climate change and future developments.

The implementation of the new measures continues over the next years. For the reconsideration of the safety standards, a societal discussion must be carried out. Also the development of new or improved guidelines takes a certain period, and finally the implementation of new elements in an update of the Flood Protection Act takes a period of approximately 1-2 years. Also the implementation of the measures dealing with reduction of the consequences of flooding and raising the flood awareness can take a certain period. The aim is to implement the new policy in the fourth safety assessment.  With the improvements of the Flood Risk Management policy, the Netherlands can live safely with the risk of flooding into the 21st century.
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