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ABSTRACT: An overview is given of the history of coping with flood risks in the Netherlands. Special attention is given to four periods in history. Before 1200 local communities themselves were responsible for their defence against the floods. Since 1200 regional administrative bodies, the so-called water boards and polder boards were in charge for taking responsibility for the water and flood management in the specific region. It extended to a complex (democratic) institutional system with several thousands of responsible organizations. From 1798 to 2000 the flood risk management was more centrally organized and a large-scale flood protection infrastructure has been developed. Nowadays the strength of the dikes is higher than ever before. However, due to demographic and economic developments, the vulnerability of a not expected flood disaster also increased substantially during the past 50 years. Handling this paradox, together with the adaptation to the expected effects of climate change, is the challenge for present-day flood risk management in the Netherlands.  Also these developments are included in the overview. 
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1. INTRODUCTION
The struggle against floods has a long history in the Netherlands. This is not surprising due to its location in the delta of four major rivers: the Rhine, Meuse, Scheldt and Ems. More than 50% of the country is situated below sea level, and at several locations people are living more than 6m below mean sea level. The paper gives an overview how the people mastered the flood risks, starting in earlier times and up to the present, where a new challenge was added by the expected effects of climate change. 

2. COPING WITH FLOOD RISKS IN EARLIER TIMES (BEFORE 1200)
When the Romans entered the Rhine delta around the year 50 BC, they found an almost closed coastline (Old Dunes), about 10 km further to the west than at present, interrupted by river mouths and several sea arms. The land behind the coastline can be characterized as extended peat areas, rivers and tidal marshes. The few higher and dry parts were densely afforested. First activities of water management were recorded, such as digging ditches and the construction of simple sluices. After the retreat of the Romans in AD 476, this organized form of water management came to an end (Ten Brinke, 2007).

 The land behind the dunes was extremely vulnerable to intruding waters from the sea. However, additional to the effect of storm surges also soil subsidence was an important factor, through which enormous areas of land were lost. The period between 800 and 1200 counts a large number of catastrophic floods, entering from the sea. The river floods were not experienced as catastrophic, because at that time such flooding of the flood plains was seen as a normal phenomenon. 

People in this area were living at the higher areas and on artificial dwelling mounds (so-called terpen in Dutch), to protect themselves against the upcoming waters. In Fryslân, the northern part of the Netherlands, people had already many centuries of experience of building such dwelling mounds. They had a height of 4 to 5m above mean sea level, and sometimes up to 8 m above sea level (cf. Hoge Beintum in Fryslân). The size of such dwelling mounds varied largely from single farmstead size to a complete self-sufficient village. Around such dwelling mounds the fertile land was very suitable for agriculture. In fact so an agrarian society was formed with families as cornerstones. Together they were fighting against the water as a joint enemy. 

The lower peat areas around these higher areas were reclaimed and made suitable for agriculture and dairy farming. So extended meadow areas were created and kept intact through effective dewatering. However, such dewatering and also the oxidation of the peat, resulted in significant soil subsidence and an increasing need came up to protect such areas against the water. Therefore new techniques were developed, such as the building of dikes, dams and sluices and also more professional techniques were applied for the discharge of the water. 

The maintenance of the dikes and other hydraulic structures was a matter of the local community. Nevertheless it was a continuous struggle against the floods and often times areas of land must be given back to the water. The extent of the threatened areas increased and more and more cooperation occurred between several villages for jointly fighting against the water. Therefore there arose an increasing need for regional administrative bodies, holding the responsibility for such tasks.

3. Institutionalization of flood risk management at the regional level 
(1200 – 1798)

The afore-mentioned increasing need for professionalisation and cooperation was strengthened by the large number of severe floodings since 1200. Also the increasing number of problems with the dewatering of the land stressed the need for a professional organization of the water management. Between 1250 and 1600 there were dozens cases of flooding in the south-western part of the Netherlands. The enlargement of the sea inlets caused the increase of the flooding. Bursting of dikes occurred more often and the flooded area became increasingly larger (Van de Ven, 2004). But also in other parts of the Netherlands severe inundations occurred. Examples are the floodings in 1170, which suffered particularly Kennemerland (north-western part of the Netherlands), whereas in1286, 1287 and 1334 huge storm surges inundated large parts of Fryslân, Holland and Zeeland. 

When the system of dikes was expanding more and more, the need for public superintendence increased, and  so-called water boards were institutionalized. They were democratic stakeholder organizations consisting of elected representatives from local farming communities. The first democratic water boards were established in the 13th century, as for example the water board Rijnland, which still exists. For a long time (until the 19th century), they remained independent of national developments (Kuks, 2004). Their number increased to more than 3000 in 1850, but due to clustering them for larger areas, this number decreased since the 1950s to 27 at the moment. However, since then their tasks increased significantly, for example the care for surface water quality and groundwater, but have still a democratic structure with an elected board of governors. They kept also their own taxation system, so that they are not dependent on national or provincial budgets. The chairman of the board of governors is called a “dykereeve” (dijkgraaf in Dutch). 

At the end of the 13th century, in the lower parts of the Netherlands the peat areas had subsided so much that natural drainage became problematic. Low lying areas were surrounded by dike rings. In order to control the water management in these polders, polder boards were formed. The wind mills pumped the water out of the local canals within the polder into the surrounding open waters. Through this new technique, the number of polders expanded enormously in the 15th century. Many innovations occurred in dike building, land reclamation and the construction of sluices. An example is the sluices in the sea dikes, which were an important invention in their time, being self-supporting devices that drained off at ebb and closed at flood (Van Veen, 1950). 

This process of reclamation continued in the following centuries, but at an increasingly larger scale. Also the process of gaining land from the sea, which had been going on for centuries, continued in the 17th and 18th century through building dikes around the reclaimed land.  Storm surges and river floods kept reminding Dutch society of the constant dangers of living in a delta. The dikes offered the first protection, which were systematically raised and widened (Van de Ven, 2004).

It must be said that thanks to the utmost careful work of the water boards, the lower parts of country remained liveable during many centuries. Nevertheless a number of flood disasters occurred. Most notorious is the St. Elisabeth Flood. During the night of 18 -19 November 

 HYPERLINK "http://en.wikipedia.org/wiki/1421" \o "1421" 1421 a heavy storm near the North Sea coast caused the dikes to breach in a number of places and the lower lying polder land was flooded. A number of villages were lost, causing either 2,000 or 10,000 casualties. The dike broke and floods caused widespread devastation in Zeeland and Holland. Most of the area remained flooded for several decades. 

The St. Felix's Flood  happened on Saturday 5th November 1530, the name day of St. Felix. Large parts of Flanders and Zeeland were washed away. Four weeks after the St. Felix’s Flood, a heavy storm rose up and destroyed most of the repairments. 

The largest flood disaster was the All Saints' Flood, which happened  on November 1, 1570 on the Dutch coast. A long period of storm pushed the water to unprecedented heights, through which innumerable dikes along the Dutch coasts has been broken, resulting in immense damage. The total number of dead, including in foreign countries, must have been above 20,000, but exact data is not available. Tens of thousands of people became homeless. Livestock was lost in huge numbers.

The 16th and 17th century showed important developments in technology, such as the construction of sunken mattresses to protect the banks under water. Also the scientific basis of hydraulic engineering increased significantly, particularly through scientific work at the University of Leyden. Large areas of land were reclaimed. Due to the limited capacity and pumping head of a single windmill, series of wind mills were built, the so-called molendriegangen (runs of 3 mills), and molenviergangen (runs of 4 mills). The windmills remained crucial and essential in reclaiming and preserving the land until the arrival of steam and especially diesel powered pumps. In the period between 1600 and 1800 more than hundred lakes with a joint surface of about 600 km2 were transformed into land (Van de Ven, 2004). 

Notwithstanding this impressive progress, an increasing number of inundations occurred along the major rivers Rhine and Meuse in the 17th and 18th century. Many disputes were going on how prevent such floodings: to increase the discharge capacity of the river or to create possibilities for controlled lateral inundations during extreme floods. However, an important point was also the distribution of responsibilities over a number of regional administrations, through which the required willingness for cooperation was not always optimal (Van Heezik, 2007). Therefore a more central governance structure for the flood management of the major rivers was urgently needed
4. More centrally guided flood risk management (1798 – 2000)

The Batavian-French period (1795-1814) marks the beginning of modern times in the Netherlands in a number of aspects. It was also the start of a period (1798-2000) of more centrally guided water management. An important achievement of the Batavian period is the development of a national administration. For the national roads and water management the Rijkswaterstaat was set up in 1798. This state department became the leading agency for the large-scale construction of a flood protection infrastructure. A system of firm dikes were built along the major rivers, many lakes were turned into arable land by drainage and reclamation projects and sea arms were tamed by large closure works. Everywhere innovative techniques were applied, such as the use of steam and fuel engines, but also new sluice systems and advanced calculations for the prediction of the tides.

Examples are the drainage of several lakes in the western part of the Netherlands, of which the Haarlemmermeer was the largest one (180 km2 and an averaged depth of 4.50 meters). Draining the Haarlemmermeer would require the removal of 800 million cubic meters of water (28.3 billion cubic feet). Although already in the 17th century proposals has been made for drainage of this lake by 200 wind mills (proposal in 1641 by the famous Dutch engineer Leeghwater), the real drainage work started in 1840 and was finished in 1852 by three steam pumping stations. 

In the first half of the 19th century the situation along the rivers Rhine and Meuse deteriorated significantly. Dike breaches and inundations were frequent occurrences with disastrous effects. Also the navigability was often times a problem. Therefore, from 1850 onwards, large improvement works were carried out, to make these rivers suitable for the discharge of peak flows and ice, and adequate shipping routes. The river beds were tuned to an optimal dimension (not too wide to ensure a sufficient flow power) and maintained in a good condition (no hindering sediment deposits or undesirable islands and sand bars). Also the condition and strength of the dikes were improved systematically. In this way the major rivers were canalized and has been made suitable for an optimal discharge of the water during floods. For extreme situations areas of land along the river were reserved for lateral diversions. Examples of such overflow areas (overlaten in Dutch) are the Baardwijkse overlaat, Beersche overlaat, etc. 

Altogether the result was a high degree of safety against flooding. For a long period no flood disasters occurred in the Netherlands. However never a 100% protection against flooding can be guaranteed, and after each disaster a new discussion started about how to cope with the risks and the required protection levels.

An important recent turning point was the storm surge of February 1st 1953, which caused one of the biggest natural disasters in the Netherlands. 1836 people died and the economic damage was in the order of one billion Euros. Within three weeks a Delta Commission was installed, advising the national government how to prevent such disasters in the future. Their final Report (Deltacommissie,1960) proposed advanced safety levels for the coast and estuaries. The starting point was a maximum of 5 m above mean sea level (NAP = Dutch Ordnance Datum) at Hook of Holland. The highest recorded level here during the storm surge of 1953 was 3.85m + NAP. On the basis of a cost/benefit approach the Commission found an optimum protection level of 1/125.000 per year for Central Holland. This frequency was called the average catastrophe frequency. Considering all uncertainties, the Commission advised a safety level for Central Holland of 1/10.000 per year, which corresponds to the aforementioned maximum water level at Hook of Holland of +5.00m + NAP.  A safety level of 1/4000 per year was recommended for the economically less sensitive areas bordering the sea in the Southern and Northern part of the country. Transitional estuarine zones were advised to be protected against floods by a frequency of 1/2000 per year. (Delta Commission, 1960; Bannink and Ten Brinke, 2005).

Also safety levels for the major rivers were presented. Particularly these safety levels resulted in many discussions in society. In the following years a number of National River Commissions were installed successively, advising the government on adequate safety levels. The Commission Becht (Commissie Rivierdijken, 1977) proposed a safety level of 1/1250 per year for the dikes along the river Rhine (Commissie Rivierdijken, 1977). However, a growing resistance against these dike reinforcement projects ONTSTOND, and a new Advisory Commission was installed for advising the Dutch government. The background was the expected significant effects of these dike reinforcement projects on nature, cultural heritage and landscape. The Commission Boertien I advised to keep the safety level along the Rhine at 1/1250 per year, but reduced, on the basis of new analysis of river discharges, the expected maximum river discharge to 15,000 m3/s. The safety level of 1/1250 per year counts also for the dikes along the downstream part of the river Meuse. For the upstream part of the river Meuse, a Commission Boertien II was installed and advised 1/250 per year for the levees in this part of the river. These levees, protecting areas in the floodplains, are much lower than the dikes in the downstream part. An overall; view of the present safety norms (probability of exceedence of the water level) in the Netherlands is given in Fig.2. 
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Fig. 1.  Distribution of flood safety standards in 
             the Netherlands  (annual risks of exceeding 
             the normative water level)

The extreme high waters of 1993 and 1995, during which about 250.000 inhabitants were evacuated within two days, started again discussions on the safety levels along the major rivers. The government decided to establish a Delta Plan Large Rivers, speeding up the process of dike reinforcements and the implementation of the recommendations of the Commission Boertien II. In 1996 the policy “Room for the River” was introduced, though which the Dutch government initiated a shift from “traditional” flood protection policies (i.e. rising the dikes) towards creating increased water discharge capacity as well as storage of surplus water in large retention areas.  However, the last one gave much societal opposition in the respective areas. The safety levels along the rivers are now 1/1250 for river discharges of 16,000 m3/s for the Rhine and 3,800 m3/s for the Meuse.

The safety levels for the Rhine at Qf=16,000 m3/s and for the Meuse at Qf=3,800 m3/s are now realized through the project Room for the River (Ruimte voor de Rivier in Dutch). It includes a package of 40 measures, such as setting dikes in a landward direction, giving polders back to the river (for example the Noordwaard polder), and the construction of flood channels (for example at Veessen-Wapenveld along the river IJssel). These measures must be implemented before 2015, so that at that time the safety is at the required level for the whole system of major rivers in the Netherlands. 

5. Flood defence policy in the 21th century 

Because ideas and circumstances change in time, it is important to evaluate regularly the effectiveness of the flood management policy. In the Netherlands such evaluations occur once every five years. A recent evaluation showed that the strength of the dikes is higher than ever before and the probability of floods from the rivers or the sea has been reduced significantly. Yet the risks of casualties and economic damage have become much greater since 50 years ago. This controversial statement has been largely attributed to a creeping discrepancy between the existent set of design standards for dike strength and a steady social and economic development. Concerning the social aspects: it seems like the public no longer considers flooding in the Netherlands to be a natural hazard. Flooding seems to be regarded a risk similar to external risks such as industrial hazards and plane crashes. Through intensive economic developments the vulnerability of the areas behind the dikes increased significantly, and thus the damage in the case of a flooding. A further increase in flooding risks is expected due to the effects of climate change: a rising sea level and larger peak values of river discharge.

A number of studies has been carried out to cope with these developments and to be prepared for the coming century. Although there is still a wide variety of expectations, for the Netherlands it is expected that for the coming 100 years the temperature will increase between 2 and 4 oC, the sea level will increase up to a maximum of 0.85m, whereas the peak river discharges will increase in winter by 7 to 18% for the river Rhine and 5 to 10% for the river Meuse. 

By government order the Netherlands Environmental Assessment Agency (MNP) has been asked to make an inventory of the effects of climate change in the Netherlands. These effects were investigated for a number of policy fields, such as the natural environment, agriculture, recreation, commercial sectors and the protection against flooding (MNP, 2005). A second reconnaissance study has been finished in 2007, looking for the possibilities and requirements of a sustainable land use planning and flood defence policy. (MNP, 2007). It was concluded that even a sea level rise of 1-1,5m will not give serious problems for the protection against floods by our coastal system, although large investments will be needed. The system of our major rivers needs more attention, and requires fundamental decisions about the discharges of the rivers Rhine and Meuse during peak values, for example about their distributions over the Lower Rhine, Lek and River Waal, the River IJssel and Lake IJssel, and the Southern Delta. Such decisions will have immense consequences for the spatial planning in the Netherlands.

In the Dutch Parliament, the motion of Bochove/Depla (December 2006) requested the Government to make an inventory of areas of severe vulnerability for worst-case scenarios of climate change. It was concluded that effective measures can be taken, so that no serious problems are expected in the coming centuries.  It is important that sufficient space should be reserved in an early stage, so that the required measures can be implemented. A climate-proof physical environment will receive top priority in the spatial planning for the coming decades.
In 2006 a National Programme “Spatial Adaptation to Climate Change” (ARK) has been started, which has the aim to arrive at a climate-proof spatial planning in the Netherlands (Ministry of VROM, 2007). This includes many issues, of which the safety against flooding is one of them. New spatial plans will be tested whether they result in a climate-proof environment. An adequate spatial planning can contribute enormously to a reduction of the effects of a (unexpected) flood disaster, for example through compartmentalization, protection of vital infrastructure and the availability of evacuation routes. The ultimate aim is to prevent a disruption in society, to limit undesired effects and to look for possibilities to make use of climate change. It means to be more resistant, more resilient and more adaptive. The national adaptation planning will be published in 2008. It may be expected that in the spatial planning policy in the Netherlands the climate-proof development will receive increasing attention.

At the moment a new strategy “Water Safety in the 21th Century” (WV21) is being prepared, and will be sent tot the Parliament by the end of 2008. It must answer the question how to handle the paradox of “higher safety and higher vulnerability”, and must prepare a new flood defence policy strategy for the coming decades. Up to now almost all attention is given to the prevention of floodings. However, never a 100% safety can be guaranteed, so that a more integrated approach is advocated, in which also attention is given to the reduction of the effects in the case of an unexpected flooding and an increase of the risk awareness within society. So the new strategy is built on three pillars:

Prevention
This will still have the highest priority, but is not the only point. The present standards date from the 1960s and prescribe the exceedence frequency of maximum water levels. The intention is to change over from exceedence frequencies for water levels to flooding frequencies for the dike rings. Based on better insight into the strength and critical collapse mechanisms of the dikes, this approach will give a better value of the real safety of the respective dike rings. It means a new system of safety standards. The required safety level will be coupled to the (economic and social) risks in these dike rings. It is agreed that in the new system nowhere the real safety level will be lower than at present. Dike rings with high risks and a low safety level will receive a higher protection. 

Limiting the consequences of a flood disaster
To prevent exorbitant damage of a flood disaster, spatial measures will be prepared. One of them is compartmentalization, through which dike ring areas are divided into smaller parts. Such compartmentalization dikes can also have a specific function of protecting a vital object ( for example an electrical power station) or a secondary dike behind the original. Reducing the vulnerability can also be obtained by robust building in flood-prone areas, for example through floating houses.  Well-prepared crisis management, on the basis of actual evacuation plans, may contribute significantly. All these measures make a plea for a stronger role of water safety in spatial planning.

increasing awareness.
Within the Netherlands people highly trust the government for defending them against extreme floods. In fact they don’t expect and even don’t accept a flood disaster. In fact within society there is no longer a real awareness of flood risk. Due to the high levels of safety, increasing the risk awareness is an extremely difficult task. Therefore much attention is given to an adequate communication strategy, and risk maps are distributed. A starting point of the strategy is stimulating the self-help of the citizens. 

At the moment there is also an increasing attention for innovative dike designs. An example is the “unbreachable sea dike”, such as already discussed by Edelman in 1954 (Edelman, 1954) and commented by Wemelsfelder in 1955 (Wemelsfelder, 1955). They argued how the stability of the dike, under all circumstances, is more important than the height of the dike. This means, of course, remaining stable up to the maximum water level, but also during overflow at extremely high water levels. It may be reasonable that the height must be higher than the maximum level which is reached on a regular basis. Special attention needs the inner slope of the dike. Also “Super-Levees” are proposed with a width of 300 to 400m, particularly for flood defence along the coast. Such dikes have such dimensions that they never can be washed away or broken. They are part of the landscape and upon them buildings can be constructed and they are suitable for a number of other functions such as recreation, nature conservancy, agriculture, traffic, etc.

An important contribution to the adaptation to climate change may be expected from the implementation of the European Directive 2007/60/EC on the assessment and management of flood risks (European Commission, 2007). It entered into force on 26 November 2007. The objective is to reduce and manage the risks which floods pose to human health, the environment, infrastructure and property. The background is that between 1998 and 2004 Europe suffered over 100 major damaging floods, including the catastrophic floods along the Danube and Elbe rivers in summer 2002. Severe floods in 2005 further reinforced the need for concerted action. The Directive provides for flood mapping in all areas with a significant flood risk. For all these areas flood risk management plans should be produced, in which appropriate levels of protection should be specified, focusing on the reduction of the probability of flooding and of the potential consequences of flooding to human health, the environment and economic activity, and taking into account relevant aspects: water management, soil management, spatial planning, land use and nature conservation. The Directive requires Member States to first carry out a preliminary assessment by 2011 to identify the river basins and associated coastal areas at risk of flooding. For such zones they would then need to draw up flood risk maps by 2013 and establish flood risk management plans focused on prevention, protection and preparedness by 2015. The Directive applies to inland waters as well as all coastal waters across the whole territory of the EU. For the longer term, the flood risk management plans will be integrated with the river basin management plans of the Water Framework Directive. So an integrated water management policy results on the scale of (sub)catchments and river basins, in which the adaptation to climate change is one of the basic building blocks.
6. Conclusions

“Coping with flood risks” belongs to the Dutch culture already since its existence. The landscape of the Netherlands is principally formed by these actions. The historical development shows a scaling up in physical dimensions and institutional organisation, a trend from structural to non-structural approaches, with at the same time innovations by new structural elements. 

The expected effects of climate change contributed to a shift from a reactive to an anticipative flood defence policy. The awareness of a never 100% safety, feed by experiences of recent extreme floods, resulted in a balanced flood risk policy of keeping prevention in an actual state, limiting the consequences of an (unexpected) flood disaster, and increasing the flood risk awareness within society. Due to the special conditions of the Netherlands, the flood prevention remains the key element in the flood defence policy. 

More and more the flood risk policy is intertwined with the spatial planning policy, which has the ambition to be climate-proof in the coming decades. Therefore an national programme is set up, where through mitigation and adaptation the effects can be held at an acceptable level. Reducing possible effects of a not expected flood disaster belongs to this programme. This brings flood risk management in a complex playing field of many stakeholders. Nevertheless, the prevention of flood disasters holds the highest priority.
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