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FLOOD RISK IN RELATION TO CLIMATE CHANGE AND ADAPTATION IN THE NETHERLANDS 
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Abstract
Due to climate change the maximum possible discharges of the rivers Rhine and Meuse in the Netherlands will increase. This in combination with the increase in sea level rise and the ongoing increase of the economic value of the threatened areas will lead to higher flood risks. 

In the Netherlands a national strategy on adaptation to climate change has been drawn up to reduce the impacts of climate change.

Impacts of climate change are seen in many sectors as agriculture, mobility, nature, but the most severe consequences are in the water management sector. Floods, droughts, local floods due to severe showers; the chance of occurrence will increase for all these events. The national strategy describes that the main challenge is to make the spatial planning in the Netherlands climate proof. There are 2 guiding principles to reach this goal. The first one is by making more use of natural processes, such as giving more room to the rivers and using the natural sand dynamics to enhance the strength of the coastal defence. The second guiding principle is risk management. People have to become aware that absolute safety does not exist in a low-lying delta as the Netherlands. Measures will have to be taken to minimize the chance of flooding, such as widening the riverbed, heightening the dikes and creating more water storage areas. But also the effects of flooding will have to be reduced by for instance compartmentalize areas, flood proof the infrastructure and buildings, and starting the discussion not to build in the most low lying parts of the country etc. To ensure that above measures can be taken in future, spatial reservations must be made now and investments should be accelerated on the short term.

To create preparedness to act now, to limit the consequences of matters that will happen in the future, a process of awakening to this issue is one of the most important tracks in the strategy. 
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1. Introduction
1.1 Climate change and the effects for water management in the Netherlands
In May 2006, the KNMI (the Dutch Royal Meteorological Institute) presented four new climate scenarios, which incorporate the latest scientific knowledge regarding climate change in the Netherlands. The KNMI scenarios draw on model calculations prepared for the IPCC Fourth Assessment Report, which was published in 2007

According to the KNMI, the scenarios produce the following picture:

· In all the scenarios, temperatures in the Netherlands will continue to increase, leading to more mild winters and hot summers.
· Winters will get wetter on average and extreme precipitation volumes will also increase.
· The severity of summertime rain showers will increase, although the number of rainy summer days will decrease. As a result, dry periods – both mild and extreme – will also become more likely.
· Sea levels will continue to rise. In addition to an expected absolute rise in sea levels of between 35cm to 85 cm by 2100, we must also factor in soil subsidence in the west of the Netherlands (due to the tilting of the northern delta basin and peat compaction), which means the relative rise in sea levels will be greater. If the Greenland and West Antarctic ice sheets melt on a large scale, a rise of several metres is expected over a period of a few centuries.
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Figure 1: Climate change in the Netherlands around 2050, compared to the baseline year 1990 according to the 4 KNMI’06 scenario’s (KNMI 2006)
Rising sea levels, the increased likelihood of storms and extreme river discharge volumes pose a threat to our coastal areas, the area surrounding the major rivers and the IJsselmeer region. Tidal effects, wind, wavelength and the depth of the water in the foreshore all play a key role in this regard. Soil subsidence increases the vulnerability of these regions. 

Rising sea levels and higher water levels during storms increase the likelihood of greater coastal erosion and coastal flooding. More wintertime rainfall means the rivers will have to handle a greater volume of water, thereby increasing the likelihood of river flooding. In the area surrounding the lower reaches of the major rivers, the combination of these two effects will make the risk of flooding even more acute. Higher sea levels also hamper the free discharge of water from the major rivers. This is particularly true during northwesterly storms, which create ideal conditions for water to be pushed up against the Dutch coast. The large expanses of water in the IJsselmeer region and the Southwest Delta will also have to hold more water, increasing the risk of flooding in surrounding areas. Rising sea levels will also increase seepage pressure, particularly in the lower-lying parts of our country.
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Figure 2: Rhine discharges for different climate scenarios. Thick black line is the current situation in average monthly discharge. Notice the increase in winter (jan/feb/march) and a decrease in summer (aug/sept/oct) (Bresser et al, 2005) 

2. National programme on adaptation and spatial planning
2.1 Background 

In 2006, on the initiative of the national government, the National Programme for Spatial Adaptation to Climate Change (ARK) was launched. For this programme, the Ministry of Housing, Spatial Planning and the Environment (VROM), Ministry of Transport, Public Works & Water Management (V&W), Ministry of Agriculture, Nature and Food Quality (LNV) and Ministry of Economic Affairs (EZ) are working closely with the umbrella organisations of the provincial authorities, municipal authorities and water boards (Association of Provincial Authorities (IPO), Association of Netherlands Municipalities (VNG), Association of Water Boards (UvW)). These public authorities share the belief that spatial adaptation to the effects of climate change is essential and a top administrative priority. In this programme, the cooperating parties each shoulder their own political responsibility for their own policy area, plans and projects involved in this strategy.

2.2 Aim of the strategy

The aim of this strategy is to climate-proof spatial planning in the Netherlands. The time horizon is the next 100 years, which is in line with the climate scenarios of the Royal Netherlands Meteorological Institute (KNMI) and the European Directive for Integrated Pollution Prevention and Control (IPPC). The strategy highlights an innovative and inter-sectoral approach. The aim is to make adaptation to climate change a mainstream policy component by 2015. 

The strategy emphasises cooperation between public authorities, scientific knowledge institutes, NGOs and the business community. Based on this strategy, these parties will conclude agreements regarding their respective contribution to achieving the significant task of adaptation. These agreements will be recorded in a National Adaptation Agenda. 

2.3 The time to act is now

The strategy acts as a guide to the process of climate-proofing the Netherlands and provides a collective framework for climate-proof attitudes and action. Although many aspects of climate change remain uncertain, the direction in which the climate is changing is clear. This means we can start acting now to make our spatial planning more climate-proof. Procrastination is certainly unwise, because:

· Investments in spatial planning have a major structuring effect, so measures must be taken now to keep options for spatial adaptation open in the future.

· Intelligent investments in spatial adaptation now obviate the need to take very expensive measures in the future.
· The more capital is invested, the greater the potential damage. For instance, the risks associated with a dike breach are now much greater. Spatial adaptation is therefore required in order to limit this damage.
· The climate may also evolve faster and less gradually than is currently predicted.

The uncertainties about the nature and extent of climate change are no reason to delay action. In the short term, we cannot be absolutely certain about the pace of climate change, but we know enough to start taking action now.
3. Innovative solutions

3.1 Spatial planning solutions

Spatial and technical measures are needed to achieve climate-proof spatial planning in the Netherlands. Two basic premises are particularly important if we are to achieve the necessary spatial adaptations:

· Risk management: handling uncertainties strategically and preventing/minimising damage
· Natural processes: using and allowing for the characteristics of natural systems

3.1.1 Risk management: preventing and minimising damage
The risk approach involves taking a more cohesive view of the likelihood of failure on the one hand and the possible consequences of failure on the other (risk = likelihood x consequence). Climate change increases the likelihood that systems and networks will fail, such as the likelihood that a flood defence structure will be breached. Nobody can guarantee absolute safety and certainty. Awareness of this fact is increasing, as there is always a chance that dikes or dunes will fail at some point or that unexpectedly bad weather will bring transport networks grinding to a halt. Things can go wrong because weather conditions are more extreme than expected or because of human or technical error, with all the attendant risks to the safety of residents, economic damage, management of energy supplies (essential for pumping stations, sluices, emergency pumps, etc.) and the stability of infrastructure (essential for evacuation). 

[image: image1.emf][image: image4.png]By implementing spatial measures, it is possible to minimise inconvenience and damage (i.e. manage risks). This may involve constructing a second dike behind the primary flood defence structure and developing an effective evacuation plan to lessen somewhat the severity of the situation. We must also take account of the ability of functions or areas to recover. 
Figure 3: Non-climate-proof/ Climate-proof polder (ARK, 2007)
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Another means of minimising damage is compartmentalisation. Floods generally only affect part – not all – of a diked area. Measures to control flooding and intelligent spatial planning can minimise the damage incurred and the number of victims involved. Compartmentalisation could also provide additional protection for vital or vulnerable functions. In cities, for example, compartmentalisation could ensure that facilities such as hospitals, fire brigades and police forces or evacuation routes can continue to function in the event of a disaster. Damaged functions or affected areas can also be restored more quickly if energy and transport networks have remained intact.  Tall buildings and higher-lying areas may have to serve as places of refuge in future. 
3.1.2  Natural processes: using and allowing for them 
The Netherlands is situated in one of the most industrialised deltas in the world, a region which – for as long as anyone can remember – has been subject to major natural and social changes. For economic and safety reasons, natural processes have been kept in check for decades, through measures including land reclamation for agriculture and urbanisation, constructing dikes in to enable people to live and work safely in the hinterland, asphalting the surface to build infrastructure, homes, industrial estates and glasshouses, urbanisation of the coastal zone, etc. This controlled system is less resilient than the original, more natural system. It is less able to counteract the effects of excessive water, insufficient water and increased temperatures. 

The sensible use of the natural characteristics of soil, water and air reduces vulnerability and enhances the adaptive capacity of spatial planning. The use of natural processes increases the sustainability of adaptations. Space for the River and the sand replenishment strategy for the coast are examples of how we use natural characteristics in order to secure flood protection. In selecting locations and planning areas, we will have to take account of the characteristics and vulnerability of the subsoil. 
Investing in these types of processes requires a commitment over time and consistent policy based on a long-term vision. In the short term, substantial financial investments may also be necessary, which will only pay off in the longer term. This calls for political nerve and administrative conviction. This principle also relies on a high degree of public awareness: the task is to learn, as a society, how to handle the dynamics. Dynamics in weather and climate conditions lead to changes in the use of space: all locations will not be equally dry all the time; the coastline will not always follow the lines we are accustomed to; the river floodplains will be used more often; and homes and glasshouses equipped with floatation systems will literally rise with water levels during times of flooding.
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Opting for a spatial approach to adaptation, with a strong emphasis on using natural processes, in no way diminishes the importance of using technology. Technology is essential in a country such as the Netherlands, which is kept dry by artificial means. Naturally, technical measures will still be necessary to minimise both the risks and the effects: reinforcing the dikes; increasing sluicing or drainage capacity; and installing emergency pumps to quickly pump out flood water in economically valuable or ecologically vulnerable areas. In many instances, technical measures are also required in order to trigger natural processes. We must seek the optimum combination of the intelligent use of natural processes and maximum utilisation of technologies.

Figure 4: Amphibian living (ARK, 2007)
3.2 Necessities for creating a climate proof Netherlands 
At least 3 things are necessary to reduce to flood risk and work on a climate proof Netherlands:

· Raising awareness. To effect behavioural change, we must raise awareness of the nature and extent of climate change and offer opportunities to take action and support measures deemed necessary.
· Knowledge development and innovation. Social transition relies on investment in knowledge about the climate system, technical solutions, natural processes and social consequences. 
· Instruments. Instruments are needed to effectively support the process of making spatial planning more climate‑proof in the long term.

To realise a climate proof Netherlands is necessary to put effort is put in all 3 of these subjects. 

4. Conclusions

In the past the Dutch government would act to reduce flood risks only after a disaster (or almost disasters) took place. Due to our progress in science of the worlds climate system, we now can forecast changes in our climate and thus in our water management system. A shift must be made from reacting after disasters to anticipating to prevent disasters in future. If we take into account climate change now and we adapt our country we can prevent expensive measures in future due to intelligent investments now.  We have to look for solutions in spatial planning as well as innovations in technical solutions. One of the most important first steps is to create awareness among the people so that preparedness to take action will develop. Without this social basis it is impossible for governments and business to act any measures. 
Adapting to climate change and shifting from reacting to anticipating is relatively new in the world. International knowledge exchange will contribute to handle this new challenge!
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Figure 5: Example of raising awareness and starting a discussion about the future of the Netherlands, including new Islands, climate proof dikes, new storm surges, water distribution in the main rivers and water retention basins (van Duijvenbode, 2007)
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