	4th International Symposium on Flood Defence:         Managing Flood Risk, Reliability and Vulnerability                      Toronto, Ontario, Canada, May 6-8, 2008


	[image: image6.png]Institute for
Catastrophic Loss

Reduction —







FLOOD SECURITY: An assessment of the strategies of compartmentalization and flood shelters 
J. Lansink1,2 , A.Y. Hoekstra2, M.W.J. van Reedt Dortland1,2, C.M. Steinweg1,2
1. Cartesius Institute for Sustainable Innovations, Leeuwarden, the Netherlands. 
2. Department of Civil Engineering and Management, University of Twente, Enschede, the Netherlands.

Abstract: More attention to the uncertainties in flooding probability has caused a shift in the Netherlands, where policy makers do no longer seek to reduce the probability of a flood only, but also look for ways to mitigate the possible consequence when a flood would occur. In a case study for the largest dike ring area of the Netherlands, this paper designs four compartmentalization strategies and another strategy based on flood shelters in self-prepared cells and evaluates their effectiveness for four scenarios containing dike breach pattern and climate change effects with the help of a combined 1D-2D hydraulic model and an impact model that assesses expected number of casualties and economic damage. The results show that the strategy of compartmentalization can reduce the levels of damage and casualties, but also that this reduction depends on the severity of a flood and the configuration of the compartmentalization dikes. The strategy of flood shelters in self-prepared cells can reduce the level of casualties during a flood by 85% but will be less effective when climate change increases the hazard. A combination of flood shelters and compartmentalization seems promising for areas close to the sea. An important improvement to the near-shore compartmentalization strategy would be a change in land use to cope with the increased hazard of a flood in the compartment directly behind the primary dike. 
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1. Introduction
Several developments are important to recognize when considering the current flood policy in the Netherlands. Since the major flood of 1953, flood prevention policy has been based on the principle that the coastal defence system should be strong enough to resist a certain critical water level. However, it has recently become recognised that it is better to look at the actual flooding probability, which depends on the weakest point in the defence line (Vrijling, 2001). Several types of dike failure have been recognized recently as being significant in calculating the total risk of a dike ring failing (Van der Most & Wehrung, 2005). A second development is the recognition that only considering the probability of dike failure is a one-sided approach to risk, since it lacks attention for the damage if flooding would occur. More and more attention is paid to the consequences of floods and the risk of a major disaster has been defined as the product of flooding probability and consequences (R=P*C). 
To understand the importance of the interrelatedness of the consequences of a flood, risk should be divided into three categories, namely individual, societal and systemic risks. (Hoekstra, 2005). Individual risk is deﬁned as the probability that an average unprotected person, permanently present at a certain location, is killed due to an accident resulting from a hazardous activity (Jonkman et al. 2003). Societal risk refers to an event which has consequences for a social group and systemic risk refers to an event which disrupts the functioning of a society as a whole. Especially in coastal protection, systemic risks prevail. A flood that affects the entire Dutch economic hotspot ‘the Randstad’, including large cities such as Rotterdam, Amsterdam and the Hague, could destabilize the entire nation (Van der Veen & Logtmeijer, 2005). Systemic risks are often difficult to predict and are surrounded with large margins of uncertainty. They offer little scope for diversification and, particularly when mega-catastrophes occur, they take a huge financial toll. Worst case scenarios with a small probability of occurrence combined with extreme consequences are therefore important to take into account when strategies for flood security are designed.
By draining land and building extensive river and coastal protection works the Dutch always ensured a low probability of flooding, thereby still accepting extreme consequences in case of failure. This leads to a low overall risk, but high systemic risks. Climate change poses a major future challenge and introduces large uncertainties, which are subject of controversial discussion among the scientific community. Enhanced by economic growth in coastal regions, the results of climate change increase the systemic risk. We have manoeuvred our society into a situation where some risks become manageable, but where other, new ones, are created by the industry and society. 
This change can be placed in a global context. Ulrich Beck (1992) has described societal development during the last decades. Beck states that attention to the externalities (or ‘effets pervers’) of industrialization, during the period of simple modernity have not been sufficiently taken into account. Modernization and industrialization have always dealt with risk as monistic technological problems. Beck describes the risk society we live in as the result of a new modernity coming into being. The new modernity does not only solve problems and address needs that arise from making nature useful or releasing mankind from traditional constraints but also addresses problems resulting from techno-economic development itself. Industrialization and modernization become reflexive; industrialization is becoming its own theme and this new modernity is the solution to cope with risks in the risk society that has replaced our industrial society over recent decades. (Beck, 1992). The traditionalization of modernization does not, in the first instance change the way we deal with threats nor does it change the extent of risks. However, it does change the relation between the distribution of risks and the distribution of wealth. This means that the consequences of industry and the pressure that the industry induces on for instance the CO2 content in the air are felt globally and are decoupled from the social patterns, such as classes, parties and subsystems, which makes action on a global scale necessary. 

However, reflexive modernity and individualization should also lead to another development. Action at a local level is essential. Governments of delta regions must focus on the threats that we will face in the future. Solutions cannot only be found in a pragmatic, technology-driven way, because the uncertainties are too large and make reliable estimations of the hazards we are dealing with impossible. We have to look at the entire system of dealing with flood risk. We have already mentioned that by making technological adjustments to our flood protection systems, the already low probability-risk ratio is further decreased. This would argue for flood security strategies that are reflexive. Reflexive strategies would not only foresee the reduced total quantified risk given as final conclusion of a probabilistic design. But also the influence that this type of flood security strategy has on, for instance, the perception of risk, the local preparedness for risks and the economic resilience of the system. This suggests the need for an integrated approach that aims for a reduction of the possible hazards (both direct and indirect), for the mitigation of floods and for a system in which the economic resilience is improved. 
The objective of this study is to design, analyze, and assess flood security strategies. These strategies have been evaluated based on 1D2D hydraulic simulation modelling (SOBEK) in combination with an impact model (HIS-SSM) to calculate the economic damage, expected number of casualties and number of affected inhabitants. The area of application is dike ring area
 6. This dike ring area contains the two Northern provinces, namely Groningen and Friesland, and is a dike ring area comprising a combination of lower and higher areas including large rural areas and some villages and cities. 
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Figure 1 Location of dike ring area 6, Groningen & Friesland, the Netherlands

With 1.2 million inhabitants in an area of 9000 km2 (133/km2), this area is rural and sparsely populated for a coastal zone region. This dike ring area is seen as a future economic development zone, which means that there is still opportunity to influence the spatial planning for the next decades. The results of this comparative case study will be judged on the basis of estimated casualties, damage reduction and affected inhabitants. In order to achieve this, section 2 describes the scenario that has been developed to describe the future challenges. section 3 describes the strategies and the effective application of these strategies to various locations and finally explains the assessment method. Section 4 presents the results of our analysis in terms of damage and casualty calculations. Finally, section 5 discusses the outcomes and presents preliminary conclusions of this project.
2. Dike breach and Climate SCENARIOs 
This paper employs the theory of reflexivity in order to design strategies that break with the probabilistic design approach. These strategies are tested for extreme scenarios. These scenarios are based on the current security level for strategies flood protection standards modified for the future changes in sea level, storm surge intensity and soil subsidence. The scenario forms the test case for the innovative flood strategies that have been designed. Various types of compartmentalization strategies and one flood shelter strategy have been designed and evaluated based on quantitative simulation models and assessed against quantitative criteria for four hydraulic scenarios. These scenarios are a combination of two components: a dike breach scenario and climate change scenario.  
The two dike breach scenarios that will be used are both extreme. The first scenario involves 15 simultaneous dike breaches along the Dutch coast. Local authorities and policy makers demand results for the worst case scenario. This scenario is the most extreme dike breach scenario and implies the failure of the entire coastline. From here on, these two scenario components are called ‘15 breaches’ and ‘worst case’. These are both applied with and without an additional climate change factor. 
The baseline (no climate change) for the Netherlands is defined by the government. Dikes in the Netherlands are designed to cope with a certain flood probability. However, some dikes have failed recent testing. The dikes in the Northern provinces of Groningen and Friesland are designed for a probability of overtopping of 1/4000 every year. The scenario “without climate change” uses the current normative water level as the maximum water level during the flood which is based on a combination of an extreme high tide and an exceptional storm surge. 
The climate change scenario is an accumulation of several hazardous events. In our climate change scenario, we combine a normative water level with a sea level rise scenario. Climate change scenarios have been developed by the IPCC and predict a sea level rise of 30-70 cm before the end of this century as a result of thermal expansion and the melting of land ice and glaciers (Houghton et al. 2001). The upper boundary is chosen to represent an extreme event, namely a 70 cm rise during the next century. Episodic inundation is usually associated with storm surges, and the return period of storm surges is quantified by Hoozemans et al. (1990). Kauker (1998) and Lowe et al. (2001) found no significant differences in storm surge for simulations both with and without elevated mean sea levels. The rise in mean sea level just adds to the storm surge heights. Besides sea level rise another threat to the Northern Provinces is soil subsidence, mostly due to gas extraction. The Dutch national oil association (NAM) predicts a soil subsidence for the next century of 80 cm. The impact of a wind climate change on the storm surge in the southern part of the North Sea is relatively large. (Bijl, 1997), but estimations are absent. We will therefore assume an account for the wind climate change (Van den Hurk et al.,2006) of 0.5 m. In total the climate change scenario would imply an extra effort on top of the existing safety standard of approximately 2 meter.

3. ComPartmentalization and Flood Shelters In Self-Prepared cells

For these scenarios, we designed alternatives to dike heightening by designing innovative flood prevention strategies. Strategy design depends on the area of application and the existing land use and infrastructure. However, the strategies are generally applicable for developed low-lying (shallow) coastal zones. Compartmentalization is based on the concept of risk spreading and improving the controllability of the flood. Flood shelters are a new concept, based on the ancient principle of establishing higher grounds in order to create a safe haven in case of flooding of the adjoining area. The strategies of compartmentalization (Oost & Hoekstra, 2007) and flood shelter strategies (Van Reedt Dortland et al., 2008) have been further improved and evaluated in this study. 
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Figure 2 Four compartmentalization strategies applied to dike ring area 6 

Compartmentalization is a technique that is known in other safety related industries, such as fire resistant walls in building engineering or compartmentalization of a ship’s hull in marine engineering. In flood protection, this technique has only recently been studied as a result of the focus shift in especially the Netherlands towards flood mitigation (Alkema & Middelkoop, 2005). Compartmentalization strategies show large variation in their effectiveness for different configurations. Four types of compartmentalization strategies have designed and modelled: (1) partitioning dikes to divide the region into smaller areas; (2) value protection of large cities, (3) value protection of small villages and  (4) a secondary dike to conﬁne the ﬂood to the coastal area. These four strategies are compared to the “laissez-faire” results for all four scenarios. Partitioning makes use of existing line elements such as highways and railway tracks which are already elevated. The two value protection strategies aim to reduce casualties and damage to large cities (2) and both large cities and smaller towns (3). The secondary dike is based on the concept of independent failure. Failure of the primary dike might not lead to failure of the secondary dike. In the implementation, indepence of failure is assumed. The application of the four compartmentalization strategies is visualized in figure 2. 
The strategy of flood shelters in self-prepared cells provides a practical solution to encourage self-preparedness. Inhabitants are appointed to a higher ground or high building, which protects against floods. This strategy makes affected inhabitants less dependant on external organisations for their rescue. Flood shelters are defined as high grounds or constructions that provide cover in case of a flood. This idea stems from the fifth century BC. Artificial hills provided at that time ensured safety in case of a high river discharge or flood from the sea in the Northern part of the Netherlands (Van de Ven, 1993). Some of these structures still remain in the present landscape. The global design of a contemporary flood shelter consists of four major aspects, namely self-preparedness, logistics, administrative arrangement and infrastructure. The first aspect, self preparedness, is in this case defined as the ability to organize, maintain and operate the rescue, survival and evacuation of people within an area by the local population itself. An important condition for self preparedness is the awareness of citizens. Therefore it is seen as a complementary necessity to inform citizens of the risk they are faced with and to provide them with knowledge on how to act and where to go during a flood. This can be achieved by informing people using flood risk mapping. The global design of the concept of flood shelters depends largely on the design of the administrative organization. Interviews with experts and local institutions have suggested that the current responsibilities should be maintained (Fijter 2007). However, local civil organization of warning and arrangements concerning the flood shelter would be a welcome addition to the current organization. Finally the fourth aspect is the actual infrastructural design of the shelter. It starts with dividing the area into self-prepared cells. The smallest administrative unit in the Netherlands, the neighbourhood, is seen as the ideal scale to promote self preparedness and provide a flood shelter. This is schematized by circles around a flood shelter. The type and location of the flood shelter depends on the population density and type of transport that is available to reach the shelter.

[image: image4.emf]Zone 1 Zone 2

Zone 3 Zone 4

High

Low

Time to react

F

l

o

o

d

 

h

a

z

a

r

d

Sufficient ( >5 hours ) Small ( <5 hours )


Figure 3 Classification of hazard zones

To determine which flood shelter type is suitable for a specific area, the area of application is divided in hazard zones.  These hazard zones are defined based on the estimated time of arrival of the flood front and the expected hazard. A high flood hazard is defined as a combination of a high flow velocity (u > 2 ms-1 ), a high product of flow velocity and water depth (u*d > 7m2s-1) and a high rise rate ur > 4mhour-1.  
This method of hazard zone mapping can be applied for every potential flood situation. In our case, this classification is used to determine which flood shelter type is most suitable. We distinguish two types of flood shelter. The first is high ground where people can flee to in case of a flood. These shelters are not equipped and cannot provide cover for a longer period. They are typically situated in Zone 1 areas. Shelter type two is a well-equipped flood shelter, which can either be high ground or a high and safe building. The effective range of shelters in zone 1 is determined to be a radius of 750m. For the other zones (2-4), the radius is 1500m, because the time to react to warning and arrange transport is higher and/or the hazard is lower. A partial coverage variant in which only flood shelters for the 50% most densely populated and flood vulnerable areas is applied in which the only casualties inside the flood shelter  radius occur by neglecting the evacuation warning, which is 5% of the inhabitants (Frieser, 2004). 
These strategies are analyzed with a combined 1D-2D hydraulic model, to simulate ﬂood patterns, water depths and flow velocities. The impact model is used to assess the strategies on their ability to reduce the levels of casualties and economic damage. The results of effecting the strategies are compared to the laissez-faire situation. The effect of flood shelters is calculated and visualized with a GIS application and a database of both flood risk and damage density maps has been developed. 
4. Results

The hydraulic computations show a large difference between the two dike breach scenarios. A complete coastline failure results in a higher flow velocity and more overland flow, as expected. The climate change scenarios show a large effect, not only on the water depth, but also on the overland flow velocity. These results influence to a great extent the differences in the damage, affected inhabitants and casualties . See figure 4, the laissez-faire alternative (first column) shows that the damage costs for these extreme scenarios vary between € 4.5 and € 68 billion. The indirect component of damage does not vary for different scenarios and is always below 10% and is therefore not shown. The final column shows the results of using flood shelters. Flood shelters do not influence the level of damage to the land. The effect is limited to the number of casualties. See table 1 (Note that the performance of the strategies relative to the laissez-faire alternative is expressed next to the results in smaller italic) 
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Table 1 Damage and casualties and affected inhabitants for the four flood scenarios
5. Conclusion and discussion
Based on the idea that society has changed and a new modernity is prevalent, risk is not only a negative byproduct of technological advances but becomes a subject of technology itself. Strategies need to be reflexive. Therefore, innovative flood strategies have been designed and assessed in order to find a solution for the growing imbalance between the probability and consequences of flooding. The results show that compartmentalization can significantly reduces the number of casualties by isolating a part of the area of application from the flooded area nearby. Four flood scenarios are applied on four compartmentalization strategies and one flood shelter strategy and these are then compared with the current strategies.


For all scenarios, value protection reduces the amount of damage, the number of inhabitants affected and the number of casualties. The protection of cities, towns and villages does not reduce the flooded area to a large extent, but reduces the damage cost by protecting the areas with highest economic value per hectare and the highest population density. For the “15 breaks” scenario, the effect is minimal, because the water does not reach the more inland situated protection dikes. Value protection will have more effect when the scenarios become more extreme in the future and the effects of climate change increase. The monetary effect of value protection is small compared to the effect on casualties. The extra profit of the value protection strategy that includes the smaller cities as well is mostly seen for the 15 breaks scenario but is very small for the worst case scenario. For an increased hazard, for instance a flood caused by the most extreme scenario, value protection is less effective because housing is more scattered than in the North of the dike ring area where housing already tends to be located around the original churches and man-made artificial hills. 
The secondary dike strategy reduces the amount of water that reaches the hinterland, but creates an area where between the dikes where water levels are extreme and therefore the threat for the inhabitants is greater. This is reflected by the fact that there is a slight increase in casualties for the least extreme flood scenario. The secondary dike has more effect when the scenarios become more extreme. The assumption of independency between the two dikes and the fact that the secondary dike does not break is of crucial importance in this calculation. An important improvement to this strategy would be a land use change in the area between the two dikes. When the area would only be used for agricultural purposes, this could well be a valuable option with many fewer casualties as a result of a flood. 
Partitioning does not reduce the levels of casualties and damage under all circumstances. For the 15 breaks scenario it triples the number of casualties and for the worst case scenario it doubles the number of casualties. This can be explained by the fact that the water is confined and is therefore accelerated and deepened. This increases the hazard and reduces the time available to react. Another important consequence of partitioning is the heterogeneous damage and casualty distribution, which can be politically sensitive. The expected damage is reduced by 50% for the more extreme scenarios. 
Self-prepared cells in combination with the use of flood shelters reduce the amount of casualties since people are less dependant on external rescuing organizations. This strategy provides a local solution for coping with the consequences of flooding. The amount of damage is not influenced by this strategy but the number of casualties can be reduced considerably.
A combination of compartmentalization and flood shelters in self-prepared cells appears to be promising for those areas closest to the sea which are most vulnerable. Flood shelters can reduce the number of casualties the evacuation is made easier by compartmentalization since it slows down the progress of the flood and reduces the economic damage. This will be a particular future point of interest in this project. Besides this, the scenarios can be expanded. In the current scenarios we have only included physical factors. For the future it would be interesting to acquire knowledge about the sensitivity of flood consequences of demographic changes such as urbanization, or economic development. It is impossible to choose the best strategy on this study alone, because that would involve comparing the construction costs and the effect the dikes have on the landscape with increased safety for humans and assets. Furthermore, the strategies are evaluated on the current land use which results in a good scores for the value protection of cities, but not for the secondary dike. When the implementation of the compartmentalization is coupled with a change in land use, the outcome will be more favourable for the secondary dike strategy. 
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� A dike ring area is an area enclosed by primary and secondary dikes, the Netherlands is divided in just over 50 dike ring areas 
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