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Abstract: An old proverb says 'God created the world, but the Dutch created The Netherlands'. In the western part of The Netherlands lies the city of Dordrecht. It is one of the oldest cities and in 1421 the whole area around the city was flooded by the Saint Elizabeth's flood. During centuries of hard works by monks, noble men, citizens and farmers the land was reclaimed from the sea and made prosperous again.

[image: image2.png]Nowadays the city of Dordrecht has over 120.000 inhabitants and has learned to live with water on a very modern way. Shipping and the recreational use of water but also the way water is used in spatial planning gives Dordrecht the proper title of 'water city of The Netherlands'
The impact of the water on The Netherlands and especially the city of Dordrecht will change due to climatic changes and the rising of the sea level.  Therefore the municipality of Dordrecht and the water board Hollandse Delta started with a 'water plan' and a study for 'urban flood management. This study is about the risks and advantages of an ancient old town nearby the river and sea and the possibilities of flood proof buildings in a flood prone area, outside the levees.  

The results of 'Urban Flood Management' are not about new innovative techniques to tackle one issue at a time but are about a new inno​vative process for integrated solutions of urban develop​ment and flood manage​ment in which traditional techniques can cope with future climate changes and sea level rising . 

Key Words:  climate change, flood risk management, resilience, urban planning

INtroduction

The Netherlands is a country well known by its tulips, wind mills and wooden shoes, but have you ever wondered why there were so many wind mills in The Netherlands. One of the main reasons is be​cause these wind mills were very important to pump the water out of the many polders in the western part of The Netherlands. 

Every polder had its own resource for main​taining the water level. In total there are 3.891 polders in the western and northern part of The Netherlands. (Geuze et al., 2005) And although steam engines and later on modern electrical pumps were used for water management, in the 19th century there were some 10.000 wind mills in The Netherlands and nowadays there are still over one thousand of them. Their function to pump the water out of the polders is however almost vanished. Only a few operate some​times as a backup resource for main​taining the water level in some of the polders.

To serve all the needs the water management in each polder was governed by the oldest democratic society of the world, the 'water board'. Everybody who had some concern in a proper management of the water had to pay for the costs of it. These taxes were according to the common goods, but the taxation determined also the control in the water board. Farmers with a lot of land within a polder had a lot of interests in the management of the water (keeping the river and sea out and maintaining the water level within the polder). Therefore the farmers had to pay a larger part of the costs. But then they could vote a representative in the government of the water board. 

In 1243 one of the first water boards was foun​ded, the water board 'De Groote Waard'. In its territory were 28 villages and cities. One of them was the city of Dordrecht. As the oldest city of The Nether​lands the town charter was granted to the city by Count William I of Hol​land in 1220. (Waals et al., 2005). In November 1421 the St. Elizabeths' flood destroyed more then 500 km² of the area of 'De Groote Waard'. Only small regions in the south and east remained and the centre of the city of Dordrecht became a small island in a large inland sea. (Ham, 2003)
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In the centuries after this large flood, more and more land was reclaimed, but Dordrecht remained an island amidst the large rivers Rhine and Meuse. These rivers brought both prosperity by the trade and commerce and danger of flooding. Even nowadays more than 150,000 ships passing Dordrecht on their route to or from Rotterdam, the Ruhr-area in Ger​many or Antwerp in Belgium. (Baarda, 2006)

The water board Hollandse Delta (as the successor of the water board 'De Groote Waard') and the municipality of Dordrecht have intensified their cooperation in the last decade to cope with the opportunities and threats of modern water and flood management in an urban environment. Especially for the urban area outside the primary flood defences the climatic changes and sea level rising makes it important to find new ways to deal with water and possible floods. The municipality and the water board have to find a new interpretation of the proverb 'God created the world, but the Dutch created The Netherlands'.

Water and flood management 

The past

The oldest way to cope with the danger of flooding is to build on higher grounds. This can be on natural embankments or on artificial, man-made mounds. An example of the first type is the old centre of Dordrecht, which originates on the embankments of the river 'Thuredrith'. 

Later on the cities grew and more space in the surroundings became occupied. By building dikes and levees around the new parts of the city, these parts were protected against flooding from the rivers or sea. Especially in the swampy western part of The Netherlands this was the most used way to create more space for urban development. Mostly this was done several times and you can see the circular patterns of new embankments around the older city several times.

Thanks to technical developments like the wind mill, steam engine and later on the electrical pump facilities, it became possible to pump the water to the river and sea even if the land was lower than the surrounding water. By maintaining the water level at certain values everyone kept dry feet and it became possible to use the land for agricultural uses or for further urbanisation.

Sometimes a storm surge from the sea or a very high discharge of the river resulted in flooding some parts of the territory. In 1953 the last flooding disaster occurred and 1835 people in the south-western part of The Netherlands were killed. After this disaster the Delta Works were built to shorten the total length of the dikes in the Delta area and to reinforce the dikes so they could withstand a situation that could occur once in 2.000 to 10.000 years.

The present

In 1997 the Maeslant barrier was commissioned as the last part of the Delta Works. With this barrier the area of Rotterdam and Dordrecht became more secure. And although most people thought this would end the struggle against water, the water professionals knew that a paradigm shift was necessary. The water boards had coped with climatic changes for centuries, but some incidents in the last years shook the Dutch water managers awake: 

· Large river discharges in 1993 and 1995 led to flooding of some parts along the River Meuse and almost in overtopping the levees along the River Rhine.

· Heavy rainfall in 1998 and 2001 caused flooding of agricultural polders in de south-western part of The Netherlands.

· Storm surges at sea in 2003 and 2007 caused an alarm phase and in 2007 even the Maeslant barrier had to close for a day.

It became evident that the old traditional way of coping with fluvial floods, pluvial floods and storm surges wasn’t enough anymore. Building higher dikes and installing larger pumps were not the only solutions of the problems. In stead of curbing the water, we have to give the water more space.

Due to these incidents several programs were started:

· In the National Water Agreement the Dutch government, the provinces, the muni​cipa​lities and the water boards stated, that only by working together the growing problem of pluvial floods can be solved. In periods of heavy rain fall it is first of all important to maintain the water in the region; secondly the excessive water should be stored in a part of the region were it can do less harm and ultimately the water can be pumped out to the rivers or other regions. (Vlies et al., 2005) Due to this National Agreement hundreds of projects all over the country are developed. The total costs are estimated to 2.8 billion euro (4.3 billion US$).

· Another program is the Dutch program 'Room for the River' that copes with the problem of fluvial floods. In this program bottle necks in the river bed will be removed and new river channels are designed to handle periods of excessive flows of the river. The whole program exists of 40 projects with a total budget of 2.2 billion euro (3.4 billion US$) (Ministry op Transport, Public Works and Water management, 2006)

· A third program is the improvements of the dunes and the dikes along the coast and the rivers. The dikes and dunes have to be strengthened to withstand the pressure of the water in periods of storm surges or peak flows. This dike improvement program consists of about 100 projects with a total budget of over 2.5 billion euro (3.8 billion US$) (Programmabureau HWBP, 2007)

The future

Although the three programs at present are already looking forward to the future, we know that urban flood management will see changes in the 21st century due to climate changes and sea level rising. Last year the IPCC issued their 4th Assessment Report. The periods of excessive rainfall will become more common, and therefore it is important to have enough storage capacity, especially in heavy populated areas where the vulnerability of the society is high. Another threat is formed by periods with high discharges of the rivers. Especially if the River Rhine will change from a glacier river (with a relatively high base flow during summer) into a more rain fed river (that reacts very fast on excessive rainfall in the upper parts of the river) this can become an even larger problem. Due to climatic changes it is expected, that the return periods of high river flows will decrease with a tenfold. That means, that a 100-year flood will occur every ten years. 

Due to the rise of sea levels the threat of storm surges nearby the Dutch coast will also give a decrease of the return periods with a tenfold. To cope with these increasing dangers the Dutch government, together with the provinces and de water boards issued a new study: "Flood Risk and Safety in The Netherlands" (FLORIS) in which a careful assessment is made of the present and future probability and the vulnerability of floods in all dike ring areas in The Netherlands. (Ministry of Transport, Public Woks an Water management, 2002). 
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In this study Dutch water engineers and water managers realized that they have to cooperate with other professionals like urban developers, architects, spatial planners, security officers and real estate developers to cope with the growing risks of flooding in urban areas. Climate change shows that the impact of flooding cannot be solved by building higher dikes or installing larger pumps. Working together between water management and urban planning is a necessity for real integrated solutions. In Dordrecht this was done very successfully with the project 'Urban Flood Management'.

URBAN Development of Dordrecht

Dordrecht is known as The Dutch waterside town. Figure 3 shows the water levels at present and the predicted water levels due to climate change and sea level rising in 2050 and 2100. It shows that at present a water level of 3 m above sea level will be met once every 2,000 years. In 50 years form now this level will be reached every 500 years and in 2100 every 75 years the level of 3 metres will be reached. Regarding the possibilities of flooding the city can be divided into here different parts.

· The old harbour area:
This area lies on a level of 2 to 3 metres above the normal water level. The area has no specific flood defence, so the old quays are flooded once every 10 to 50 years. There are a lot of old monumental buildings in this part of the town. Most of these buildings have been constructed to withstand the regular flooding by raising the floor level around 0.4 metres and equip it with a tiled floor. 

· The main part of the city:
The main part of the city is situated on a level of around to 2 metres below sea level. This area is protected by primary defences that are constructed to withstand a water level of once in 2,000 years. So flooding has become an unknown phenomenon and people aren’t aware of the possibility of a flooding. If the levees would be flooded, the water level in this part of the town could be as high as 4 metres above the floor level.

· De Staart:
The newer harbour and industrial area on the eastern side of the city is known as 'De Staart' (dutch for 'the tail'). It is partly occupied by ship yards and other industrial activities and partly a residential area. This residential area lies on a level of about 4 metres above sea level, so the possibility of flooding is even less compared to the main part of the city. The ship yards however lie on a level of around 2 metres above sea level. An occasional flooding would do no or little harm, because the ship yards were built to live with the water.

A part of De Staart, called 'Stadswerven' has to be redeveloped and transformed from the old more industrial area into a residential area with a direct connection to the old city centre. The first idea for this redevelopment was to raise the ground level to 4 metres above sea level. During the development planning it became evident, that sea level rising and climate change would be of some influence. Therefore water and flood management had to become involved in the development process.

Urban Flood management (UFM) in dordrecht

The project

During the third International Symposium on Flood Defence in Nijmegen (May 2005) an initiative was launched for a joint action between Dordrecht, Hamburg and London on the growing challenge to manage the risks of flooding, especially for (re)development plans of urban areas in at-risk areas, which may be situated in flood plains or outside the main line of flood defence. This Urban Flood Management (UFM) is important for 12,000 new waterfront habitants in 'Hafencity', Hamburg Germany in 2010, for over 150,000 homes in the Thames Gateway area, London England by 2016 and for 550.000 new houses planned in the low lying western part of The Netherlands by 2020, of which Stadswerven in Dordrecht is one of the projects. (Gersonius et al, 2007)

The main objectives for Urban Flood Management were:

· An innovative practical approach for developing for specific sites with residual flood risk. The sites chosen were Stadswerven in Dordrecht, Hafencity/Wilhelmsburg in Hamburg and the Thames Gateway in London.

· In the development of these sites applied research was to be used on models, methodologies and concepts (such as flood risk and vulnerability assessment, flood risk maps), technologies (such as flood proofing buildings), planning and building regulations, requirements and specifications, to be used.

· Exchange of experiences and knowledge and dissemination between the partner cities, the European scientific community (like COST C22), and other professional and scientific networks.

A number of aspects of an integrated approach to urban flood management are relatively new to the world of urban planning. Some of the bottlenecks for an effective adoption and implementation of flood risk management into urban planning practices are:

· the lack of understanding of current and future risks and implications: flood frequency is likely to increase during the lifetime of the buildings;

· the lack of long-term planning, and poor integrated and comprehensive planning;

· the inadequate steering role of local and regional authorities, and the conservative nature of the building sector.

One of the main results of the study with London and Hamburg was the awareness that a flood proof (re)development could only be successful if the planning is integrated with the flood risk assessment, the resilient planning and building, the communication en emergency response and policy and government.

The municipality of Dordrecht wanted to research the possibilities and impossibilities for flood proof (re)development of urban areas like 'Stadswerven'. Therefore the UFM-project has gathered various public and private stake​holders. Together with the municipality of Dordrecht, the water board Hollandse Delta, the province of South-Holland, the Ministry of Transport, Public Woks an Water management, Dura-Vermeer Development Corporation, Progrez housing corporation, Delft Hydraulics and IHE-UNESCO are working close together. Taking these stakeholders 'on board' in the develop​ment process has led to a number of ideas and conclusions towards a innovative development plan for the 'Stadswerven'. This is an iterative process, were different professions had to learn working together and understand each other 'language'. 

The UFM project includes the following topics:

· establish the water and flood management characteristics at present and in the future situation;

· develop several prototypes for a flood proof urban plan of Stadswerven;

· determine the effects of flooding regarding the resilience in the present and future urban situation;

· assess the best way to communicate about the new development plan;

· investigate the problems and possibilities in the existing regulations and policies and contingency planning.
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In this paper special attention is given for the inte​gration of urban planning and flood management. 

The integration of flood management and urban planning proved to be the key factor for success in this project. One challenge was matching the temporal-scales for urban planning (relatively short planning horizons, focus on normal day-to-day living conditions) and those for flood management (long-term planning, focus on design of extreme flood conditions). As the growing urbanisation and climate change both increase the impact of flooding, the concept of 'resilience' can be very effective to match the differences (De Bruijn, 2004). 

Urban development of Stadswerven

Because Stadswerven is an existing redevelopment site, much is known about the present and (possible) future situation. Most of the stakeholders were already engaged with the redevelopment in one way or another. And because the project was specifically announced as a research project, it wasn't a threat for the redevelopment project. First of all, it was important to establish the probability of certain flood levels. In figure 3 the present and future flood levels are given. As Dordrecht lies in the transition region of the river-system to the sea; the probability of flooding will increase almost a  hundredfold due to sea level rising and climate changes. To cope with this higher flood risk three different develop​ment plans were created as prototypes during the project, each of which was developed in an iterative process between the urban planners and the water and flood professionals.

The prototypes are:

· Plan 'the Mound':
The original design for the redevelopment of the area is called 'the mound', because the whole area is raised to a safe level of 4 meters above sea level. This design is the most traditional way of urban development without a primary flood defence. 
As the normal tidal difference is between 0.2 and 1.0 metres above sea level, the proba​bility of a water level of 3.0 metres above sea level is now once per 2,000 years. Due to sea level rising and climatic change this will increase in the future to once every 20 to 100 years. 
As the ground level is 4 metres above sea level, the probability of flooding is almost negligible, and it will be an unknown phenomenon for the inhabitants of the Stadswerven.

· Plan 'Flood Fronts':
A new development scheme for Stadswerven is called 'Flood fronts' because it incorporates the traditional technique of demountable barriers ('flood boards') to prevent the area for flooding. The normal level of Stadswerven in this plan is 3 metres above sea level. So flooding of the quays will be possible every 20 to 100 years. 
To prevent the flooding of the buildings special flood proof building techniques are used (dry-proof buildings) and flood boards are capable to bridge discontinuities between the dry-proof buildings. These flood boards and flood proof buildings form the outer wall of the whole area and protect the normal buildings situated within the flood fronts. 
When the quays are flooded and the flood boards have to be placed, it will mean some disturbance from normal live, but people in Stadswerven are secure and can live relatively normal.

· Plan 'Wantij Valley':


The third plan for Stadswerven is called 'Wantij valley', a form of terraces, with several levels within the whole area. 

· On the outer skirts of the development area, the level will be raised to the (save) level of 4 metres above sea level. 
· In the middle of Stadswerven flows the small river 'Wantij'. Here the ground level is lowered between the normal water level and 2 meters above this level. That means that these areas are flooded frequently, from daily to once a year. The buildings in this area are necessarily build on poles or as floating or amphibious houses, so they can cope with this frequent flooding. 
· Then there is a part of the area, that lies between 2. and 4 metres. The buildings in this area are sometimes touched by the water. This can occur once per 10 to 1,000 year, so the buildings must be designed accordingly.
Two archetypes can be used: dry- or wet-proof. Dry-proof means that the water is kept outside the building, so no damage will occur. Wet-proof means, that the water can flow into the lower parts of the building without causing serious damage. In wet-proof buildings it is necessary the low-lying garage or basement has to be emptied before the predicted flooding and cleaned after the water has passed.
Resilience

Flood resilience focuses on the accommodation of flood waters, minimalisation of the impact and rapid recovery. (Gersonius et al., 2008) Spatial solutions provide important opportunities to reduce flood impacts. And not only technical interventions like flood proofing of buildings, but also non-structural actions, like creating a public awareness, enhances the recovery capacity of the system. The three development plans for Stadswerven provide a thorough reduction of flood impacts, but they differentiate on the possibility to create a public awareness.

To create public awareness about flood management a successful communication strategy has to be focused on the people that will live and work in the area. It is very difficult to create and maintain an awareness for situations with a very low probability, like flooding. People tend to ignore the possibility unless they have an actual experience. The best way for creating awareness is done by creating rituals, symbols, stories and heroes about flooding. In Dordrecht some existing examples are:

· The annual training and testing of demountable barriers and the annual dissemination of information letters (rituals);

· Development of flood survival packs and permanent images of the 1953 Flooding (symbols);

· A public exposition on the St. Elizabeth’s Flood of 1421 and floating wooden walkways referring to Dordrecht’s past, as a important harbour for timber transport over rivers (stories);

· Creating floating communities that experiences the every day living with water (heroes).

As each development plan in itself is relatively save for flooding, the risk awareness (and therefore resilience) will vary between the three development plans:

· Plan 'the Mound'
In this plan the probability of flooding is very low (less than 1% during a life time).That means that the awareness of flooding in every day live is practically zero. So it becomes very hard to establish a proper communication with the public about the risk of flooding and what to do when it eventually will occur. As people have not learned what to do 'in case of …', there will not be a gradual shift from safe situation into a flooding situation. Therefore the resilience of this plan is relatively small. (In figure 5 this is shown for a flooding with a recurrence time of 10,000 years.)

· Plan 'Flood Fronts'
With a development plan like Flood Fronts people will become more aware of the possibility of flooding. Especially with a regular inspection of the flood proof buildings, the annual drilling of closing the gates between the buildings and the occasional nuisance if the cars have to be moved, this creates more awareness about flood risks. In case of an actual flood incident, people are more prepared and know what they themselves can do. So the flood disturbance has a larger graduality compared to the first plan and the resilience is better. 

· Plan 'Wantij Valley'
In this third development plan there are people that are living with the fluctuations of the water level on a day to day basis. These people can be used as examples ('heroes') how people themselves can handle the risks of flooding. Naturally it is necessary to prepare other people about flooding by an annual training. Therefore there will be a continuous awareness about flood risk in normal live and during an actual flooding, the people will be more or less self managing the situation. The graduality of the disturbance is even larger and so will be the resilience of the Wanty Valley plan. 
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So from a point of view of creating awareness (and by that resilience) the communication about (residual) flood risks in the 'Wantij Valley'-plan is easier than 'Flood Fronts' and much easier compared to 'the Mound'.

Main conclusions 

After the last flood in 1953, the Dutch thought they had banned the risk of flooding by building the Delta Works. Due to climate change and sea level rising they recently 'discovered' there is no absolute safety against flooding. Therefore new policies have to be developed to maintain the safety of The Netherlands against the threat of water. Technical solutions are momentarily developed at large costs. But solutions for flood management, especially in urban areas, have also to be found in non-technical policies.

One of the examples for this new policies is Urban Flood Management in Dordrecht. The main conclusion from this project is that a close collaboration of urban planning and flood management is necessary to create safe and flood resilient urban areas in flood prone areas. 

In the UFM-project of Stadswerven it is shown, that:

· detailed inundation models calculate that the (residual) flood risk for the area is low, which means that casualties, social disruption, or large damages are not expected. 

· non-structural responses can be more economically efficient in managing flood losses compared to structural measures, like elevating the whole area above the design level for flood protection. 

· implicit forms of communication, i.e., the modification of symbolism, have an important role in raising awareness on the potential occurrence of flood events and in preparing a city on such an event (broadening the personal responsibility in relation to floods), and thereby in initiating change to a more resilience culture and behaviour
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Figure 5: The resilience for the three different development plans
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Figure 4: The three development plans
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Figure 3: Water levels in the Dordrecht area
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Figure 1 The city of Dordrecht amidst the sea and the River Rhine and Meuse
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Dordrecht, water city
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